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ABSTRACT 
 
This paper describes the distance education programs in nuclear engineering at The University of Tennessee (UT), 
which includes several courses that are of interest to the mathematics and computation community such as reactor 
theory and design, shielding, statistics, health physics, and criticality safety. All of the courses needed for the MS 
degree in nuclear engineering and several of the courses needed for the PhD degree in nuclear engineering are 
delivered synchronously (i.e., interactive in real time) via the Internet to students located anywhere by instructors 
located anywhere. The paper will also describe the historical development of distance education programs at UT as 
well as the benefits of the programs to students and to the university. The oral presentation associated with this 
paper will include a short movie that demonstrates the technology used for distance delivery. 
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1. INTRODUCTION 
 
The University of Tennessee (UT) has a long history of providing Distance Education (DE) in 
both technical and non-technical fields (Refs. 1-5). Correspondence courses relying on snail mail 
have existed for decades and still exist to some extent today. In the late 1980s, the UT Nuclear 
Engineering (UTNE) Department offered its sequence of nuclear criticality safety courses to 
students in Oak Ridge, TN, Paducah, KY, and Portsmouth, OH, using a video conferencing 
system provided by the U.S. Department of Energy. Beginning in the early 1990s, UT delivered 
DE courses via high tech classrooms connected statewide in Tennessee by T1 lines. The high 
tech classrooms were expensive to install, operate, and maintain.  

In 1999 UT abandoned the high tech classrooms in favor of CENTRA (see 
www.saba.com/products/centra), which provides real time delivery of courses (i.e., live and 
interactive) to students’ computers located anywhere via the Internet. Local on-campus students 
and distance students are taught simultaneously using a touch sensitive SMART BoardTM (see 
http://www.smarttech.com). Live classes are recorded and available online 24/7 to accommodate 
distance students who must occasionally miss class due to job responsibilities (e.g., a refueling 
outage). Currently, 15 MS programs and 4 MBA programs at UT are delivered via CENTRA 
serving over 1000 students located all over the U.S. as well as in Canada and South America. 
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2.  NUCLEAR ENGINEERING DISTANCE EDUCATION PROGRAMS 
 
The UT Nuclear Engineering (UTNE) Department offers eight DE programs, which include the 
MS in Nuclear Engineering; MS in Reliability and Maintainability Engineering; Graduate 
Certificate in Nuclear Criticality Safety; Graduate Certificate in Reliability and Maintainability  
Engineering; Graduate Certificate in Nuclear Security Science and Analysis, which is new; a one 
week short course on Nuclear Criticality Safety; a one week short course on Neutron Transport 
Theory; and a Colloquium Web Cast Program that is free and open to the public.  

Currently, fifteen DE graduate courses are offered that serve the above programs, most of which 
contain significant mathematics and computation content including three courses in reactor 
theory and design, three courses related to health physics, a course in deterministic radiation 
transport, a course in stochastic radiation transport, two courses in nuclear criticality safety, a 
course in advanced monitoring and diagnostic techniques, two courses in reliability and 
maintainability engineering, and two courses in statistics, the latter of which are offered by the 
UT Statistics Department. More detailed information about these programs is available online at 
http://anywhere.tennessee.edu/de/ and at http://www.engr.utk.edu/nuclear/TIW.html. Courses 
completed for a Graduate Certificate count toward the MS degree, and courses completed for the 
MS degree can also be used for partial fulfillment of the requirements for the PhD degree. 

 

3.  COURSE DELIVERY TECHNOLOGY 
 
Synchronous delivery of classes over the Internet (i.e., Cyber Classes) is accomplished using 
CENTRA software and the SMART BoardTM projection system. Cyber Classes offer audio that 
is similar to a telephone conference (i.e., voice over IP); a shared electronic whiteboard that 
allows group collaborations; and online notes, quizzes, and discussion boards that may be 
accessed by students and faculty anytime anywhere.  Faculty usually teach using Power PointTM 
slide presentations or html documents.  The electronic whiteboard, which is equivalent to a 
chalkboard, is used for working problems and presenting visual examples. The SMART BoardTM 
projection system is also used for electronic chalkboard-type annotations by the instructor. 
Windows based programs are used for complex simulations and demonstrations.  Power PointTM 
files and other file types are uploaded to a server by the instructor before each class and then 
downloaded to the student’s computer during student logon at the beginning of each class.  This 
initial transfer of class material reduces the bandwidth requirements that are needed during the 
actual class (a dialup connection is usually sufficient for real time delivery).   
 
Students are able to interact with the instructor and cyber classmates in real time by asking and 
answering questions, providing feedback, and making class presentations.  The CENTRA 
software also allows chat windows during class and breakout sessions for group projects.  
Indeed, two of our student design project groups won the National Student Design Contest 
sponsored annually by the American Nuclear Society without seeing each other until their final 
presentations at the national Winter ANS Meetings in 2003 and 2007 (see 
http://www.ans.org/honors/recipients/va-studesign). More detailed information about the web 
delivery technology is available at http://www.outreach.utk.edu/deis/online/webdelivery.htm.  
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Our distance courses are taught simultaneously to both distance students located anywhere and 
local students located on campus. To illustrate, see Figure 1 below, which shows the instructor, 
three local students in the classroom with the instructor, and several distance students logged in 
to the class as noted on the left side of the SMART BoardTM monitor screen. More recently, the 
rear projection SMART BoardTM  system shown in the figure has been replaced by a front 
projection SMART BoardTM system, which will be demonstrated via a short movie in the oral 
presentation associated with this paper. Exams for both local and distance students are proctored. 
The proctor for distance students is usually a staff member at a nearby community college or 
public library, who has detailed instructions for administering the exams. Exams and homework 
are graded by the instructor and then returned to the students. Most of our distance courses are 
taught in the evenings after normal office hours for working professionals. 

 

 

Figure 1.  Typical distance class arrangement showing both local students in the  
classroom with the instructor and distance students logged in on the left side of the  
monitor screen. 
 

A few of our distance courses are taught by instructors located far from the UT campus in 
Knoxville, Tennessee (e.g., in California and Ohio) to distance students located anywhere and 
local students located on campus. In other words, instructors can be located anywhere and 
students can be located anywhere, provided all participants have access to the Internet and a 
computer with a microphone and speakers. This model for distance education could be 
particularly beneficial to large countries such as Brazil, Canada, China, and Russia, and also for 
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training programs at nuclear utilities, which have a fleet of nuclear power plants that could share 
training programs. 

 
4.  COLLOQUIUM WEB CAST DELIVERY TECHNOLOGY 

 
The delivery technology for the colloquium web cast program is significantly different from the 
course delivery technology.  The SMART BoardTM projection system is again used to display the 
speaker’s Power PointTM slides including real time annotations by the speaker.  We also have 
two high quality digital movie cameras, a MediaSite webcasting system (see 
http://www.sonicfoundry.com/mediasite/?sm=4), three wireless microphones (one for the 
speaker, one for the moderator, and one for the local audience), and two very good technicians 
who make everything work.  The signal sent to the Internet includes both the Power PointTM 
slides with the speaker’s real time annotations and the image from either camera, which is 
usually the speaker or a person in the local audience who is asking a question.  The cyber 
audience can also ask questions and receive answers from the speaker in real time via traditional 
email, which is received and read aloud by the colloquium moderator during the presentation and 
then answered by the colloquium speaker. The digital file of each colloquium presentation is 
captured and archived at www.engr.utk.edu/nuclear/colloquia/Archive. We currently have over 
11 years of archived colloquium presentations. 

 

5.  CONCLUSIONS 
 

Students who participate in our distance education programs gain state-of-the-art knowledge in 
their chosen field, are better qualified to work as professionals, and increase their value to their 
current employer and to prospective new employers.  Students also have the personal satisfaction 
and enjoyment of learning new concepts and developing new skills in exciting fields of national 
and international importance. Our distance education programs are specially suited for nuclear 
engineering topics that have significant mathematics and computation content such as reactor 
theory and radiation transport methods, both deterministic and stochastic.  

Most of our distance students are mature working professionals whose academic performance is 
considerably above average. Michael White, a former distance student in our MS in Nuclear 
Engineering program and a fulltime employee of KAPL (Knolls Atomic Power Laboratory) in 
Schenectady, New York stated, “The UTNE distance education master’s program is well-suited 
to my career at KAPL.  I thoroughly enjoy the interactivity of the live online classes.” Another 
former distance MS student, Katherin Goluoglu, who resides locally and preferred to be a “stay-
at-home mom” with her young daughter stated, “Attending class at home is ideal for me and our 
daughter, Ashley.” Katherin is now a practicing nuclear criticality safety engineer at the Oak 
Ridge National Laboratory. Michael and Katherin are just two of many UTNE distance students 
over the past two decades who have extended their knowledge of important nuclear engineering 
topics in areas related to mathematics and computation. In addition, we also have one distance 
student serving as a Graduate Research Assistant on an externally funded UTNE research 
contract and another distance student collaborating with a UTNE professor on a research 
proposal to the U.S. Department of Energy. Both of these two students are permanently located 
several hundred miles from the UT main campus in Knoxville. 
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Finally, our distance education programs are responsible for a 25% increase in our graduate 
student enrollment, which has included distance students from Canada to Brazil and California to 
New York. The programs have also brought us considerable visibility and recognition. Most 
importantly, we have received genuine appreciation from our distance students who otherwise 
would not have the opportunity for post-graduate education because of their remote locations. 
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