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Abstract

The purpose of this paper is to describe the dewedmt and implementation phases of
online graduate nuclear engineering courses tleapart of the Graduate Nuclear Engi-
neering Certificate program at Virginia Tech. Virgi Tech restarted its nuclear engi-
neering program in the Fall of 2007 with 60 studemind by 2009, the enroliment had
grown to three times its initial size. In this pap&e present the innovative ways we em-
ployed to differentiate the program from other pergs nationwide. Starting in 2009,

with education grants from the Nuclear Regulatooymission (NRC), we began trans-
forming the distance courses from video confereptinan online format that uses asyn-
chronous and synchronous technologies. We usedrdpeinciples drawn from research

and theories in disciplines such as adult learntognitive science, motivation, and edu-
cation. During these phases we worked closely thighdistance learning institute at Vir-

ginia Tech which employs a structured life cycletmoelology for online course devel-

opment. We discuss the instructional design appemased to provide a meaningful
learning experience for adults, particularly naaditional students. In addition we exam-
ined observational data to indicate instancesxXpesgential learning.

Keywords: Nuclear engineering graduate courses, online legyidult learning theo-
ries, motivation, MUSIC Model of Academic Motivatio

In recent years, the growing energy needs (U.Saewnt of Energy, 2008) due to the
projected increase in electricity demand in the.du&l the world (Energy Information
Administration, 2007), has led to increasing inséti@ nuclear power, and thus, to a nu-
clear renaissance. One of the challenges of thieaurenaissance is the lack of an ap-
propriate workforce. There is a significant needdducating nuclear engineers who can
engage in research in designing newer, safer,rbettel advanced reactors, as well as
design and optimize nondestructive detection syst@mil monitoring systems for nuclear
security and safeguards.

Virginia Tech responded to the nuclear engineenmaystry’s immediate needs by re-
starting its nuclear engineering program in Aug2®d7 and offering undergraduate and
graduate nuclear engineering courses. Enrollmetitdgse courses for the 2009-2010 aca-
demic year was 217 students, consisting of 161 ngnalduate students and 56 graduate
students. Most of the graduate students were Idadtecampus and employed in the nu-
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clear industry at various sites within Virginia. v8n this enrollment population, the
graduate nuclear engineering courses were offaeetive video teleconferencing to re-
mote sites. Although the classes were offereddistance, this delivery format required
students to attend the classes at particular agesheduled.

The classes are recorded for later viewing, yehee students who had extensive travel
schedules or heavy workloads during the week weibleg to enroll in these classes.
These barriers prevented some employees from gy atl any of these graduate cours-
es. Even some of those who could attend classesierped significant stress in balanc-
ing classroom and homework deadlines with familg @sork obligations. In addition, the
program had received frequent requests to trartbmitlasses to sites that could not sup-
port high resolution live video teleconferencingtorsites out of Virginia. These de-
mands led to the need to create an asynchronouse@mption for the Graduate Nuclear
Engineering Certificate program.

One of the appeals of asynchronous technologid¢isaislearners can access materials,
complete assignments, participate in discussiams take exams according to schedules
that they largely determine themselves. The hypdmearning environment offers par-
ticular advantages to adult learners who are infigreelf-directed (Knowles, 1990). To
be inclusive of the diverse educational needs efdffi-campus students, as well as ac-
commodate and enhance the on-campus nuclear enigmgeogram, we proposed to
incorporate innovative educational approaches ddrivom current research and theory
in the areas of adult learning, cognitive sciemeetivation, and education.

This paper presents the development and implenentat online graduate nuclear en-
gineering courses that are part of the Graduatdddu&ngineering Certificate program
at Virginia Tech. These courses were made possittleeducation grants from the Nu-
clear Regulatory Commission (NRC). This certificategram consists of the following
four courses: Nuclear Engineering Fundamentals)ednd-uel Cycle, Radiation Detec-
tion and Shielding, and Nuclear Power Plant Openatiand Systems. In the following
sections, we present the main factors that infladrthe design decisions and the iterative
approach employed to design, deploy, and assesdfdativeness of these four graduate
nuclear engineering courses. At the time we wrbig paper, the Nuclear Engineering
Fundamentals course was the only one that had theght, which allowed us to collect
and report data related to this course. To resporide needs of industry personnel, as
well as increasing enrollment and interest in naickengineering, the focus of our ap-
proach has hinged on balancing current pedagogie#thods and best practices, funda-
mental learning and motivation research and theang participants’ personal experi-
ences.

Course Design

In this section, we discuss four design factors theded the design of the online cours-
es. One factor was the profile of the studentdytike enroll in the courses. A second fac-
tor was the life-cycle model, which was the apphoae adopted for the design of the
online courses. A third factor was the consideratbstudents’ math skills, which led to
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the design of a refresher module on math to hedgetwho needed additional help with
these concepts. The fourth factor was the techydluoat was available.

Design Factor 1: Profile of Students Interested ithe Online Offering of a Graduate
Nuclear Engineering Certificate Program

The majority of engineers hired by the nuclear stduare not nuclear engineers; instead,
they are mechanical engineers, electrical enginsénsctural engineers, chemical engi-
neers, among others. These types of engineers appbt their specialized engineering
field toward nuclear power plant applications. Heyva solid foundation in nuclear engi-
neering basics could provide significant gainstfmse engineers who were hired without
ever having any knowledge about nuclear power. &dgate certificate in nuclear engi-
neering could provide this foundation. In fact, feend that about half of our industry
distance-learning students were interested in wioigiionly a graduate certificate and not
continuing on to complete a Master’'s degree of king. In addition, we had had a large
demand for these courses in just the short timeesime started the program. Conse-
guently, there was a clear need that could be ddrygroviding the certificate program
in asynchronous online format. We designed the GatdNuclear Engineering Certifi-
cate Program to meet that need.

Design Factor 2: Life-Cycle Model

Although a classical approach to design and dsfieéronline courses is a linear model
relegating assessment of teaching and learninget@nd of the course, the method em-
ployed for course development at Virginia Tech eagied a parallel model that inte-
grated consideration of the various factors inftieg the learning environment into the
initial phases of the online course developmenis Bystems-based approach was de-
signed to allow for more effective integration @iucse objectives with online strategies,
pedagogies, and best practices (Royce, 1970). Wkedavith the Virginia Tech dis-
tance learning institute and used their processfttlaws a life-cycle model with seven
phases: (1) Planning Phase, (2) Analysis PhasePé€3)gn Phase, (4) Development
Phase, (5) Testing Phase, (6) Implementation Plzask,(7) Evaluation, Support, and
Maintenance Phase. Each phase is distinguishedtiwtias, techniques, best practices
and procedures that combine to construct viablstagwable, efficient, and useful online
courses. The design choices are driven primarilythgy learning objectives associated
with a given course. This methodology for eLearnaogirse development leads to re-
duced errors associated with haphazard instrudtiesign and development and fewer
technical support issues. These benefits are coupih quality standards that are de-
signed to create sustainable and efficacious elr@agystems that result in higher levels
of learning and elLearner satisfaction, and impravederstanding of instructional design
and online teaching among faculty.

Planning Phase of Online Courses: The Role of SBlégulation

The design of the nuclear engineering courses wsgcated with mapping the current
face-to-face or video conferencing lecture courdge an online format to ensure align-
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ment across the associated course objectivesjtagjitechnology used, feedback mech-
anisms, assessments, and other key componentsighiis effort, we examined what

the instructor and student each did to support @etraourse objectives in the traditional
format, and then considered alternatives to accisimgihese objectives in the online for-
mat. Both students and instructors face many amgdie when making the transition from
the face-to-face courses to an online format whig)ein the computer-mediated learning
environment, social presence (i.e., vocal tonegoarfdcial expression) may be reduced,
therefore, the instructors have to rely on studémtsommunicate his/her challenge in
learning the material; and (b) online learning lieggistudents to exhibit higher levels of
self-regulated learning (SRL) behavior than thedstis in a traditional classroom set-
ting.

Schunk (2001) defined self-regulated learning (SR4$.)learning that results from stu-
dents’ self-generated thoughts and behaviors tieasystematically oriented toward the
attainment of their learning goals” (p. 125). Hotirand Schunk (2002) have shown that
successful self-regulated learners possess higivelsl of motivation (personal influ-
ences), apply more effective learning strategieshdlioral influences), and respond
more appropriately to situational demands (envirental influences).

The level of self-regulated learning required afd&nts in the online paradigm represents
a paradigm shift for many students as the studythétat have brought them success in
traditional learning environments are not alwayeaive in the new settings (Hmelo-
Silver, 2004). To facilitate students with self-négged learning, the assessment has to be
formative and promote continued improvement in shigperformance in addition to as-
sisting students in reflecting on their own leagn@uring the assessment exercises.

Students must have motivation to use the SRL sfiegeand regulate their learning ef-
forts. The instructional strategy in a recent stogtyShih, Zheng, Leggette, and Skelton
(2011) addressed three motivational components fPamtrich’s (2000) model for pro-
moting use of SRL by enhancing self-efficacy, imasiag task value, and goal orientation
(instruction designed to help students to shiftrtfecus from comparing their perform-
ance with peers to self-comparison towards annisitti goal orientation). To enhance
students’ awareness of their learning processgXxample, students were asked to report
the number of hours they had studied, how manytpoiey would have to achieve to be
satisfied with their performance (satisfaction goahd how confident they were about
achieving their satisfaction goal. Students’ perfance was better when the instructor
explicitly supported their use of self-regulatedri@ng strategies (Shih et al., 2011). In
the design of our online courses, we operationdlibese principles (self-efficacy, task
value, goal orientation) using personal, behavjoaald environmental aspects of SRL
strategies. In addition, formative assessment \8ad to facilitate self-regulation learning
in students. One example of promoting SRL in owtrirctional approach was that we
asked students in the first week what they expetctegbt from the course. We used their
responses in the design of the discussion forupisdoAnother example was to provide
timely corrective feedback that was positive andivading.
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Theoretical Foundation for Teaching and Motivatingdult Learners

Instruction is more effective for adult studentsewtthey are motivated to learn (Hofer,
2009; Jones, 2009; Wlodkowski, 1999, 2003). QuiBo{i®97) draws the same conclu-
sion in the context of corporate training: that rmpng the participants’ motivation to
learn the content increases the program’s effentise. We mapped our instructional de-
sign to the five attributes of a learning enviromtnthat, according to Jones (2009) and
Wilodkowski (1999), have motivational effects on ksluThe factors that Wlodkowski
(1999) identified as being important to motivatiadults are shown in the left-hand and
center columns of Table 1 and include expertisevamce, choice, praxis, and group-
work.

Table 1. Factors that Motivate Adult Learning.

MUSIC Components —
Can lead to students’
Factor Rationale increased perceptions
(Wlodkowski, 1999) (Wlodkowski, 1999) of: (Jones, 2009)
1. Expertiseof presenters ~ Adults expect their teachers to be Success
experts in the material being taught, « Individual Interest
well-prepared to teach it, and knowl-
edgeable about the interests, needs,
and problems of their audience.
2. Relevancef content Adults may quickly become impa- « Individual Interest
tient with material they cannot easily « Usefulness
relate to their personal interests or
professional needs.
3. Choicein application Adults respond well when given op- « Empowerment
tions about whether, when, and how « Usefulness
to apply recommended methods, and
are skeptical of “one size fits all”
prescriptions.
4. Praxis (action plus Adults appreciate opportunities to see « Usefulness
reflection) implementations of methods being « Empowerment
taught and to try the methods them- « gyccess
selves, and then to reflect on and
generalize the outcomes.
5. Groupwork Adults enjoy and benefit from shar- « Caring
ing their knowledge and experiences
with their colleagues.

Felder, Brent, and Prince (2011) explain tHatv People Lear{HPL) criteria is com-

patible with Wlodkowski’'s (1999) motivational facto HPL, a cognitive-based frame-
work for effective instruction, has been shown tovide a good basis for the design of
engineering instruction (Bransford, Brown, & Coakir2000; VaNTH-ERC, 2010). HPL

criteria are based on a learner-centered approadhtake into account the learners’
knowledge, skills, and attitudes. This approachhmies relating the materials to learn-
ers’ knowledge and providing freedom to make clwicelearning tasks. HPL is also
knowledge-centered which gives prime importancéh® most important principles of
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the subject. The instruction in HPL is designednbance skills. It is assessment oriented
with timely feedback to learners to help them gatlger attainment of the program ob-
jectives. Lastly, HPL is community-centered andased on a supportive environment
among learners deemphasizing competition. Jon€@APMUSIC Model of Academic
Motivation provides a means through which instruetcould be designed to operational-
ize the theories presented in the HPL criteria ian@/lodkowski (1999, 2003) to moti-
vate adult learning.

In the MUSIC model, MUSIC is an acronym for fivegortant motivational components
that should be considered when designing instroctio motivate students: eMpower-
ment, Usefulness, Success, Interest, and Carirgg vi®en.MotivatingStudents.info for
more information). These components were derivethfa synthesis of the research and
theory in the field of motivation and related figlJones, 2009). When these five com-
ponents are present in an educational learning@mwient, students have been shown to
be more motivated and engaged in their learning. 8fthpowerment component refers to
the amount of perceived control that students harex their learning. Instructors can
empower students by providing them with choices atalving them to make decisions.
The usefulness component involves the extent tahvkiudents believe that the course-
work (e.g., assignments, activities, readings)sisful for their short- or long-term goals.
One implication is that instructors need to ensgha¢ students understand the connection
between the coursework and their goals. For theessccomponent, students need to be-
lieve that they can succeed if they put forth tpprapriate effort. Instructors can foster
students’ success by doing such things as makmgadhbrse expectations clear, challeng-
ing students at an appropriate level, and providituglients with feedback regularly. The
interest component includes two sub-componentsatsinal interest and individual in-
terest. Situational interest refers to the intenesind enjoyment of instructional activi-
ties, whereas individual interest refers to oneiger-term personal values and interest in
a topic. Instructors can create situational intelbbgsdesigning instruction and coursework
that incorporates novelty, social interaction, ganfreimor, surprising information, and/or
that engenders emotions. Instructors can develogests’ individual interest in a topic
by providing opportunities for them to become mknewledgeable about the topic and
by helping them understand its value. The caringmanent includes the degree to which
students feel cared for by others in their acadgmarsuits. To support caring, instructors
can demonstrate that they care about whether dgidancessfully meet the course ob-
jectives and that they care about students’ genegtilbeing.

Our instructional design approach was informed IR Hriteria, Wlodkowski's motiva-
tional factors, and Jones’ MUSIC model. The rigatith column of Table 1 shows the
MUSIC model components that Wlodkowski's motivaabfactors would likely affect
most directly. Of course, changes in any one ofMiiSIC model components might af-
fect changes in other components as well for amyparticular student. For example, if a
student begins to see the usefulness of the miatehia might also become more inter-
ested in it, which could lead to increased engagéméth the material and success in
learning it.
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Implications to Instructional Development: Student®ata

The profile of students participating in the Gramuuclear Engineering Certificate pro-
gram consists of industry personnel and graduatkests who typically have significant
experience and knowledge about the nuclear indasidyare interested in building a sol-
id understanding of nuclear engineering basics. ditilae version of the program was
developed using Wlodkowski’'s (1999, 2003) five piptes along with HPL criteria and
Jones’ MUSIC model (2009) to accommodate thesendeacharacteristics. In addition,
course design took into account students’ survegarses from those who completed the
previous video teleconferencing version of the Macl Engineering Fundamentals
course. To demonstrate connections between thearpactice we include some of the-
se responses below followed by the possible imiatina of these responses on students’
perceptions of the MUSIC model components (as niotedackets).

* ‘|l have to say that it is an extremely valuableotegse to be able to view the re-
corded lectures. Repeating sections really helpsctincepts sink in.” [The re-
corded lectures help students feel that they stateedand empowerghem by
providing the option of repeating recorded sectipns

» “The annotated class notes and video are greatelteatures are new to me and
I am very happy with the notes and videos. An improent would be to some-
how make those two media available to the studeiataa long term library. |
would very much like to be able to depend on actesisese files (notes and vid-
eo) as a long-term reinforcement to the learnireg thok place this semester.”
[The annotated class notes and videos help stutesithat they casucceed

» “l really enjoyed the class, it has helped me injoly more than you can imag-
ine!” [The class isituationally interestindenjoyable) and is seen asefulto this
individual's goals.]

* “Most of us talk and will help each other along thay. | am sure that you can
tell by the emails when we have problems.” [Studdrdvecaring relationships
with other students that can increase their acadsucicesg

* ‘It is fun when you believe you suddenly understéoav to solve a problem!”
[Succesgan lead taituational interes{enjoyment).]

* “I have all but decided to drop this course. Mys@as for dropping are: (1) | am
struggling with the calculus required for this cgyrprimarily because | have not
done any calculus since | completed engineeringergred 18 years ago. (2) |
have a wife and two young sons, a full time jolj ather demands on my time
(such as coaching a soccer team) that prevent one @ievoting the amount of
time that | believe | need to commit to re-learfcalus and study for this course.
(3) Completing each of the two HW [homework] assigmts for this course took
me an inordinate amount of time. | estimate thaJe about 15 hours in complet-
ing HW#1 and about 12 hours in completing HW#2. Udtol received a grade of
100 on HW#1, | do not feel confident because aiogimt amount of collabora-
tion with classmates was involved. As a resulthef above three issues, | am ex-
tremely concerned that | would not pass the up-ogmiid-term exam.” [Several
issues led to this individual’s perception thatteuld notsucceed
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The above quotations demonstrate that there arg oiallenges faced by graduate stu-
dents from the nuclear industry while working gbla, completing coursework, and bal-
ancing other personal demands. We identified tpecs that were favorable, which in-
cluded that the program empowered them with cholvelped them to see the usefulness
of the material, helped them to succeed, createntest, and fostered a caring learning
environment. In our course re-design we attempdeaddress most of the identified is-
sues in the redesign of the Nuclear Engineeringl&omentals course and the subsequent
Graduate Nuclear Engineering Certificate coursestalZollected from student survey
responses indicated that the two key factors disiest by students for effective in-
struction were (a) providing an asynchronous satfepl course with just-in-time modules
(such as mathematics) and (b) providing a virtwdliaborative environment among fel-
low students with multiple channels for communicati

Design Factor 3: Mathematics Review

The Nuclear Engineering Fundamentals course thatoff@red online in Spring 2011
required some background knowledge of ordinaryedsfitial equations and atomic and
nuclear physics. We provided review modules to awnodate these needs using online
resources without taking time away from the coumsgerial. This was helpful to students
who were not up-to-date in some of the prerequsited these “just-in-time” modules
would be used as needed for a refresher on th@ppgie subject. This was found to be
a particular issue for new students from industhpvinad not been in a classroom envi-
ronment for over 10 years. Even learning to userahtogarithms and exponentials for
radioactive decay equations was difficult at ficat some of the students. By incorporat-
ing some of the common mathematics skills in revieadules with practice sets, those
students who needed a review got up to speed rmuickey and the more competent stu-
dents got a quick review. It allowed students teeténe path through the course that was
most appropriate given their current knowledge @ithematics. Doing so empowered
students through choices that enabled them to eddcethe courses. Given the success
in relation to student learning we plan to incoggerthis format into our online courses.

Design Factor 4: Technology Use

The course management system at our institutioa iscal implementation of open
source Sakai software call&tholar Tools offered through Scholar include: discussion
forums, chat rooms, electronic assignments, caleradamouncements, lesson modules,
resources, document folders, class listserv, @eittrgrade book, online quizzes, blogs,
podcasts, and collaboration wikis. We also uSedtrafor synchronous virtual sessions
including online tutoring and interactive virtudfioe hours.Centrais a powerful tool for
online multiple-user interaction and course orgatan that includes real-time two-way
audio, application sharing, web browsing, whiterdogg, and text chatting.

We usedCamtesiato create course videos. These videos were caatinwith the class
notes that were created in PowerPoint format amddsan Scholarin the Resourcesec-
tion in PDF format. These notes were annotatedgusitablet PC inking tool and also as
an electronic white board. We used t#hssignmenfeatures inScholarto outline the
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weekly expectations in terms of readings, corredpmnvideos, notes, homework, quiz-
zes, forums postings, and other appropriate additimaterials. We used as few naviga-
tion buttons as possible to avoid burdening stuglevith locating the materials. The
Homepage and the course syllabus provided straightafiat directions about how to ac-
cess the materials and the expectations of theseoWe pilot testeded these features
with similar students in previous terms to ensta the use of the tools and technology
were not overly demanding and simple enough toees the likelihood that students
would feel that they could succeed in using thesetools and technology.

First Distance Online Offering of Nuclear Engineeng Fundamentals

The first course we revised and taught in the nelwe format was titledNuclear Engi-
neering Fundamental§ he faculty members teaching the nuclear engingéundamen-
tals courses were experts in the subject of nua@agmeering. This corresponds to the
first factor in Table 1, which should also leadstadents’ increased perceptions of suc-
cess and individual interest. For course materihtsthird edition ofntroduction to Nu-
clear Engineering(Lamarsh & Baratta, 2001) and other supplementaayerials were
used. The topics in the course included: Atomic Bndlear Physics, Interaction of Ra-
diation with Matter, Nuclear Reactors and Nucleaw®r, Neutron Diffusion and Mod-
eration, Nuclear Reactor Theory, and The Time-Ddpeh Reactor. To increase stu-
dents’ perceptions of usefulness, we also prepemeadse notes to be relevant and appli-
cable to students who worked in industry for a nemtf years. The PowerPoint slides
were posted online in advance and were annotatad the inking features provided by a
Tablet PC. We prepared videos of the lectures afpropriate examples for solving
problems and discussed additional interesting of#ay., a video about Chernobyl acci-
dent). Further, in the first week, to assess stigtl@mdividual interests and career goals,
we asked students to tell us what they expectgettout of course.

The discussion forums allowed students to ask gqpressabout homework, quizzes, tests,
or any other topics. Our hope was that studentdorMeel that the instructors cared about
their learning and that this would lead them tadwe that they could succeed. The topics
in the discussion forums were designed parallébpics discussed to allow opportunities
for students to communicate and discuss the miavithout the pressure of being grad-
ed. In addition, these forums allowed studentsamraunicate their conceptual under-
standing of the materials with application examphesan example, in one of the discus-
sions, we asked:

If you were the Vice-President of Nuclear Operadidor an electric utility com-
pany and were in charge of deciding whether todoaipressurized water reactor
(PWR) or a boiling water reactor (BWR) for your hexiclear power plant, which
type would you recommend? Please fully explain yaeagision. In doing so, state
at least four reasons why.

Students’ responses are included in the AppendIxXhA students participated in the dis-
cussion and applied what they had learned to the. ddowever, responses from the stu-
dents clearly differentiate those with nuclear stdy experience from those without.
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Those with industry knowledge discussed the caseobghing the reasoning in their ex-
periences and using conversational words and phi@s®@mon among engineers in the
work place. In contrast, the last response providethe Appendix, although accurate,
lacks of familiarity with industry verbiage and whem a graduate student. This is an
example of experiential learning as well as usimtgractive technology to facilitate peer
learning and combining disciplinary knowledge wi¢ial-life situations.

We provided online office hours to allow studerdsask questions and have a live dis-
cussion. These were recorded for further viewinige Bssessment consisted of two to
three online weekly quizzes depending on the nagsedovered. Students received feed-
back on these quizzes after the deadline. The &xdvas available to students through-
out the term for reflection and preparation forafiexam. All of these design elements
were included to help support students’ success.

Homework problems were provided for each of thec®govered. We provided addi-
tional online help for some of the homework. Foample in the case of estimating the
current lifespan of the world’s uranium, they usetiNuclear Fuel Supply Calculator”
which is an online resource (http://www.wise-uraniarg/nfcs.html) that was needed to
make assumptions about the input data. Assignnveeits graded using PDF annotator
and re-uploaded t&cholar Detailed feedback was provided through these knarie
assignments to help foster a deeper understanditing onaterials. The final exam was a
comprehensive take-home exam and students upldhadiedolutions irScholar

A summary of the course design elements discuss#ud section with the correspond-
ing design principles from Wlodkowski (1999), HPBrénsford et al., 2000), and the
MUSIC model (Jones, 2009) are provided in Table 2.

Observations and Discussion

The first online offering oNuclear Engineering Fundamentaigas distributed through
the distance learning institute at Virginia Techns@rvational data (students’ actions ob-
served througlschola)) revealed that distance students in an industtingeappeared to
be very comfortable in using all the tools offer@he noteworthy observation is the in-
teraction that took place among students in theudision forum. Students’ responses to
open-ended questions in forums reflected the intteeof their work experience on their
learning. This was a valuable experiential learropgortunity to those students who did
not have nuclear work experience because they ameeto learn from the responses of
those who did have work experience. In the firderaig of the Nuclear Engineering
Fundamentals course, we did not provide a feedha#ulc nor did we grade postings to
these discussion forums because our previous tsédall, Dancey, Amelink, & Conn,
2011) showed the value of grades associated watbetipostings was useful only for the
undergraduate students.

A survey was administered to students by the Viegirech distance learning institute at
the end of the course (reported on a Likert-typdestanging from 1sstrongly disagree
to 6 =strongly agreg The mean value was a 6 for the following iteffi$ie instructor
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Table 2. Instructional Elements and Design Princi@s.
Instructional Wlodkowski HPL MUSIC model
elements
1. Using faculty * Expertise of Learner-centered Success
experts in nuclear presenters Knowledge- Individual
engineering centered interest
2. Course notes * Relevance Learner-centered Usefulness
relevant to students of content knowledge-
in industry * Praxis centered
3. Annotated Power- * Relevance Knowledge- Success
Point slides posted of content centered
online
4. Videos of lectures * Relevance Knowledge- Situational
with interesting of content centered interest
topics Usefulness
5. Asking students « Choicein Learner-centered Empower-
what they want in application ment
course Individual
interest
Usefulness
Caring
6. Discussion forum »  Groupwork Community- Caring
centered Success
7. Online office * Praxis Learner-centered Caring
hours knowledge- Success
centered
8. Weekly quizzes * Praxis Assessment- Success
with feedback centered
9. Homework * Relevance Assessment- Success
problems with of content centered Caring
online help « Praxis Learner-centered

was well prepared”, “The instructor presented thigiect matter clearly™ The instructor
provided feedback intended to improve my courséopmance”, “The instructor fostered
an atmosphere of mutual respect”, and “My inteneshe subject matter was stimulated
by this course.” On the open-ended question: “Widt the instructor do that most
helped in your learning?” one student wrote “Pagtimnts to some of the homework
problems was quite helpful. Most of the time thgétime consumption came from first
understanding and setting up the problem to beesiglv

These comments provide evidence that the factesepted in Table 1 led to some of the
anticipated outcomes. These findings also showrtherent limitations discussed in our
previous research (Hall, Amelink, Conn, & Brown,1P) in regard to asynchronous
technology in engineering courses requiring reaktinteraction during problem solving.
For example, we offered synchronous office hourtake advantage of aspects of tech-
nology and real-time interactions. Sometimes stteleould participate in these ses-
sions, but when they did not, the instructor wausé the time to record the steps to solv-
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ing some example problems. Students communicatedtiiey found these recordings
helpful in doing their homework.

Conclusion and Future Plans

The first online offering of the Nuclear EnginegriRundamentals course was successful
in meeting our expectations to provide a meanintgatning experience for adult stu-
dents. Although we designed the online course barezlirrent theory and empirical re-
search, we made many adjustments during the aoffieaing based on observational data
and plan to make other adjustments in the futussaexample of a possible adjustment,
a few of the students were not native English spesawhich made some of the commu-
nications with the students difficult. Their foresponses tended to be directly from the
notes and textbook, which was not as helpful ag toeild have been if they had done
more to elaborate on these ideas and provide fuetk@mples. In the future, we plan to
provide a rubric for the online discussion forumsl ahelp improve the interactions
among the students for these asynchronous leaoppgrtunities. Because upper-level
undergraduate students sometimes participate isetli@raduate Nuclear Engineering
Certificate courses, expanding the use of thesmewliscussion forums should provide
an experiential learning setting for collaboratidieween these students and those with
industry experience. To further improve the cougsality, we will continue collaborat-
ing with the distance learning institute at Virginiech.

The asynchronous nature of the course helped thitseheavy travel schedules as they
completed the coursework. We expect to expandghehrof our online nuclear engineer-
ing graduate courses nationwide. We are currerelbping our Master’s-level courses
for online asynchronous delivery. We attribute skhiecess of this first offering to the re-
search based approach taken to align the desigmenery of this online course with
students’ profile, prior knowledge, and their expéions from these courses. The frame-
work discussed offers a platform for instructorsl aadministrators to examine their own
student populations, available technology, varimasning obstacles and opportunities
that should be addressed before developing a conise.

References

Bransford, J., Brown, A. L., & Cocking, R. R. (Ed92000).How people learn: Brain,
mind, experience, and school: Expanded editdfashington, DC: National Acad-
emies Press.

Energy Information Administration. (2007International energy outlook 200'Report
no. DOE/EIA- 0484.

Felder, R. M., Brent, R., & Prince, M. J. (2011)fetive instructional development
strategiesJournal of Engineering Education, 1), 89-122.

Hall, S., Amelink, C., Conn, S., Brown, E. (201@nline Course Design Informed by
Students’ Epistemic Beliefs: A Case Study of a fhmtynamics Coursd?roceed-
ings of the ASME 2010 International Mechanical Eegiring Congress & Exposi-
tion, IMECE2010 November 12-18, 2010, Vancouver, Brittxilumbia, Canada.

The Journal of Effective Teaching, Vol. 13, No. 2013, 58-72
©2013 All rights reserved



Hall, Jones, Amelink, and Hu 70

Hall, S., Dancey, C., Amelink, C. T., Conn, S. (2R10ur first online offering of intro-
duction to thermal fluid engineeringroceedings of the ASME 2011 International
Mechanical Engineering Congress & ExpositidMECE2011, Denver, Colorado
November 11-17 2011.

Hmelo-Silver, C. (2004). Problem-based learning:at\dmd how do students learB&u-
cational Psychology Review(B), 235-266.

Hofer, B. (2009). Motivation in the college classm In W. J. McKeachie & M. Svini-
cki (Eds.),McKeachie’s teaching tips: Strategies, researchy #imeory for college
and university teacher®p. 140-150). Boston, MA: Houghton Mifflin.

Jones, B. D. (2009). Motivating students to engagkearning: The MUSIC Model of
Academic Motivation.International Journal of Teaching and Learning irigHer
Education, 21(2), 272-285.

Knowles, M. (1990)The adult learner: A neglected speciel®uston: Gulf Publishing.

Lamarsh, J.R., & Baratta, A.J. (2001)troduction to Nuclear Engineerin{Brd ed.).
New Jersey: Prentice-Hall, Inc.

Pintrich, P. R. (2000). The role of goal orientatim self-requlated learning. In M.
Boekaerts, P. R. Pintrich, & M. Zeidner (Ed$lgndbook of Self-regulatiofpp. 452-
502). San Diego: Academic Press.

Pintrich, P. R., & Schunk, D. H. (200Mlotivation in education: Theory, research, and
applications(2nd ed.). Englewood Cliffs, NJ: Prentice Hall.

Quifiones, M. A. (1997). Contextual influences arting effectiveness. In M. A. Qui-
fiones & A. Ehrenstein (EdsJraining for a rapidly changing workplace: Applica-
tions of psychological researdpp. 177-199). Washington, DC: American Psycho-
logical Association.

Royce, W. (1970, August). Managing the developmehtlarge software systems.
Proceedings of IEEE WESCORE, 1-9. Retrieved from
http://www.cs.umd.edu/class/spring2003/cm8pd3rocess/waterfall. pdf

Schunk, D. H. (2001). Social cognitive theory aelf-segulated learning. In B. J. Zim-
merman & D. H. Schunk (Eds $elf-regulated learning and academic achievement:
Theoretical perspectiva®/ol. 2, pp. 125-152). Mahwah, NJ: Lawrence Erhna@s-
sociates.

Shih, H., Zheng, W., Leggette, E. J., & Skelton(Z&11, November). Enhancing student
performance by promoting Self-regulated learniRgpceedings of the ASME 2011
International Mechanical Engineering Congress & Bgpion Denver, CO. Re-
trieved from
http://www.asmeconferences.org/Congress2@hbfAccepted.cfm?noToolbar=yes:
IMECE2011-62446.

U.S. Department of Energy. (200&nnual energy outlook 200&eport No. DOE/EIA-
0383.

VaNTH-ERC. (2010, October). Retrieved from httpepgb.vanth.org/portal

Wilodkowski, R. J. (1999Enhancing adult motivation to learn: A compreheasjuide
for teaching all adultsNew York, NY: John Wiley and Sons.

Wilodkowski, R. J. (2003). Fostering motivation irofessional development programs.
New Directions for Adult and Continuing Educati®g, 39-47.

The Journal of Effective Teaching, Vol. 13, No. 2013, 58-72
©2013 All rights reserved



Design of Nuclear Engineering Curriculum 71

Appendix:
Students’ Responses to the Forum Question PresentadSection 3

Students’ responses to the forum question in se@iare below. All identifying words
are removed from these responses.

Student 1 Response

If I were the VP of such a company | would lookilz# new Generation Il Reactor de-
sign that has been recently been certified by tRENThis is a Westinghouse AP1000, a
PWR that has been vastly simplified in a standadlidesign. This standard design
shrinks the overall footprint of the core and daeilities, and it's projected cost is ~

$1200 per KW. The AP1000 will have a gross powéngaof 1200 MWe, and an esti-

mated build time of 36 months.

It's almost a toss up decision between the AdvaBi&&® and The AP1000 because the
latest generation designs have many safety impremtsn along with standard-
ized designs, but the PWR design still has somerarit advantages.

1. The control rods are electromagnetically actuatechfabove the core so if power
is lost they can SCRAM the reactor and the CRs @vaige gravity to drop into
the core and shutdown the reaction.

2. The obvious reduced exposure to radiation duedatmtainment of the radioac-
tivity in the primary cooling loop inside the prinyacontainment. It's best to just
not have your workers worry about radiation expesuimits. Such as
100millirem per hour.

3. lIts ability to follow the power demand load on #team turbines and adjust pow-
er accordingly by control rod actuation.

4. It's power density is high, which makes for a seratbre and smaller footprint.

Student 2 Response

| am strongly biased because my Company has mestience with PWRs and | am an
Electrical Systems Engineer for my Company. As \Reesident, | would recommend a
PWR for the following reasons:

1. Thereis truly a lesser spread of contaminatiorr&fore it is safer to the workers
and safer to the public.

2. The ability of using gravity for rod insertion dag scram conditions makes the
PWR ideal for Nuclear Safety.

3. Seeing that my Company'’s experience greatly iseredtaround the PWR, build-
ing new PWRs would be cost effective to the comp&wysons from within the
company can be used for training new employeetatbthe new PWR.

4. The ability of dumping steam directly to atmosphaltews for a rapid and simple
method for cool down. Cool down during emergentdibons becomes compli-
cated for the BWR and therefore the PWR design evbalpreferred.
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Student 3 Response

From this week's lectures, | have concluded thptefer PWRs over BWRs and
would recommend building PWR reactors if | were e of NO. | prefer PWRs be-
cause:

1. With a PWR the reactor power follows the electritadd. | find this to be an
amazing feature that is completely automated byr#eetor itself. When an
ISO/energy market tells a nuclear plant with a PWW& it needs to output more
power (if possibly not at a peak) or reduce itpatpower, the operator just has
to set the generator and allow the reactor to cosgte. | imagine this is a huge
help in operating a PWR.

2. The PWRs use of gravity to move the reactor contvds during SCRAM. In a
BWR, a hydraulic system is needed to push the cbndds up into the reactor,
which adds costs, complexity, and more chanceailofré.

3. PWR's have non-radioactive steam systems, alloWingll access during reactor
operation, which | can see as being extremely ligakfn an failure of a (non-
critical) component or a full-on emergency. This\éi also reduces radiation
exposure, making it safer for all workers.

4. Less core instrumentation is required in the cér@ BWR than a BWR, reducing
some costs/complexity/chances of failures.
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