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MAE’s capstone “Creeper” team: 
Stuart Goble, Nick Clifford, 
Andrew Shupe, Larry Wilde.
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T he department of Mechanical and aerospace engineering has restructured 
the senior design capstone class, allowing students to fully show off their   

  acquired knowledge while affording the opportunity to make a real difference in 
the lives of others through their designs.
 A real difference was made in Albert La Bounty’s life. La Bounty lost the use 
of his legs over 20 years-ago in a motorcycle accident, but he never lost his love for 
“wrenching” on cars and trucks. MAE capstone students were tasked with creating a 
device that would transport La Bounty from his wheelchair to a mechanics’ creeper, 
thus allowing him to slide under a vehicle. 
 “The old structure of the design capstone class was all packed into one semester,” 
said Research Professor Steve Hansen. “The new class structure helps students to re-
ally apply themselves to projects, both in designing and building.”
 The redesign of the course is focused on developing students’ “design-to-realiza-
tion” skills and is now two semesters, a design semester and a build semester, instead 
of just one. Working in year-long teams of four to 12, depending on the size of the 
project, students design and build their projects while reporting progress to a “cus-
tomer.”
 “If someone can provide us parts and materials, we’ll provide all of the engineer-
ing,” explained Hansen. 
 Real-world customers are preferred, but capstone professors Hansen and Depart-
ment Head Byard Wood stand in as customers when customers with specific needs 
aren’t available. The Center for Persons with Disabilities at USU has been a repeat 
customer, including the “creeper” project. 
	 “Amazingly,	parts	and	materials	for	the	creeper	project	cost	under	$750,”	re-
marked Hansen. 
 For a few thousand dollars in parts and materials, an organization with little 
development resources could get $50,000 to $60,000 in return from the course’s 
efforts.
 The product design forces students to think outside of the box, and 
unlike standard classroom pedagogy, the capstone course is designed to 
have no right answers. 
 “This is what makes the capstone so unique,” said Hansen. 
“When these students get into their careers, there isn’t going to 
be a book with all the right answers. They will come up with 
the right answers.”
 As project teams select their one best solution and start 
designing, they must also convince their customers that the 
selected design is the best solution. Then teams execute the criti-
cal design, filling in every detail of the project. The first semester’s end 
product is a drawing package so well-articulated that a machinist could then 
build the entire project. The second semester is dedicated to the project build.
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Wind Tunnel research at 
uSu helps to improve 
Models
Hidden in the back of the College of 
Engineering’s Student Prototype Labo-
ratory is a white door, easily mistaken 
for a janitor’s closet. However, the ma-
chinery housed in the enormous room 
on the other side of the door is not 
brooms and mops. The room houses a 
transient mixed convection wind tun-

mEcHanical anD aEroSpacE EnginEEring profilE
•	 In	2010,	more	than	700	students	enrolled	in	the	
department	with	a	47	percent	enrollment	increase	in	the	
past	seven	years.
•	 The	five	undergraduate	degree	emphases	from	MAE	
are	Thermal/Fluids,	Solid	Mechanics,	Dynamics	and	Con-
trols,	Aerospace	and	Nuclear.
•	 MAE’s	Chimaera	Rocket	Project	has	won	the	NASA	
Sponsored	University	Student	Launch	Initiative	competition	
in	three	different	years.

•	 MAE	research	areas	are	aerospace,	biofu-
els,	buried	structures,	dynamics	and	controls,	
computation,	materials,	nuclear,	solid	and	
structures	and	thermal	fluids.
•	 The	department	houses	eight	state-of-the-
art	research	laboratories.
•	 The	national	annual	wage	of	a	mechanical	
engineer	is	$82,480.

 “With the old model, students were 
pressed to design and build just to get 
the project finished in one semester,” 
reflected Hansen. “The new model lets 
students spend an entire semester build-
ing, testing, making adjustments and 
testing again, which is what they will be 
doing in their careers.”
 Students have all the tools for 
success with a full array of industrial 
machining tools in the Student Proto-
type Laboratory, as well as two profes-
sional machinists on hand to assist in 
the builds. And of course, students are 
expected to draw from the knowledge 
and experience offered by Hansen and 
Wood, though sometimes a slightly 
hands-off approach is best.
 “We try and never tell them what 
they should do,” said Hansen. “We 
want them to discover.”
 At the end of the course, teams 
demonstrate the success of the projects 
to their peers. For the creeper project, 
who better to exhibit the ability of the 
end product than La Bounty himself? 
Using his own truck for the product 
demo, La Bounty used the creeper to 
its full capacity. He seamlessly moved 
from his wheelchair to the device and 
then was able to lower himself to the 
mechanics’ creeper — wrench in hand 
— and move under his truck like any 
seasoned grease monkey.
 “He was in heaven,” remembered 
Hansen. “That project really did make a 
difference.”
 For information about sponsoring 
a project for the design capstone class, 
please contact Steve Hansen,  
steve.hansen@usu.edu
 

nel, a one-of-a-kind purpose built wind 
tunnel, unique to USU’s Department 
of Mechanical and Aerospace Engineer-
ing’s Experimental Fluid Dynamics 
Laboratory. Delivered in July 2010, the 
wind tunnel has made its home with 
the Aggies and may hold the key to a 
major energy concern: spent nuclear 
fuel storage.
 Recently, concerns with spent 
nuclear fuel storage have surfaced 
since the earthquake in Japan and the 
subsequent Fukushima Nuclear Power 
Plant disaster. The Fukushima event 
was partly so problematic because of the 
spent fuel that was being stored on-site. 
 Professor Barton Smith heads up 
the wind tunnel research and explains 
that after nuclear fuel has been removed 
from a reactor it sits in a cooling pool 
for at least five years, when it is then 
capable of being transferred into dry 
cask storage, which can be stored away 
from the reactor. Natural convection 
is sufficient to keep the spent fuel cool 
while in dry cask storage. The fuel does 
not require any external influence to 
remain safe. Most nuclear catastrophes, 
as was partially the case in Fukushima, 
happen when the water pumps used to 
cool the spent fuel fail. 
 “People are now interested in 
getting spent fuel out of the plants as 
quickly as possible,” said Smith. “In 
the case of an accident, that is another 
hazard you just don’t want to deal with. 
Though our facility wasn’t built with the 
spent fuel model in mind, the tunnel 
can and likely will be used to address 
spent fuel.”
 However, removing spent fuel 
from the pools sooner than five years 

The wind tunnel facility rotates 180 
degrees.
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Big department, Big results:
Mechanical and Aerospace Engineering 
a Home For Excellence
Enrolling in Utah State University’s largest department in the College of Engineering 
may seem overwhelming to an incoming freshman. But any student who has entered 
an MAE classroom quickly realizes the department is built on inclusion and exists to 
empower — every student.
 Mechanical and Aerospace Engineering is by far the largest department within 
the college. The department makes up over 35 percent of the engineering students at 
Utah State. Though, these students are much more than numbers, especially to their 
professors.
 The College of Engineering Teaching Excellence Award 2011 recipient, Heng 
Ban, is a great example of the care and devotion the department faculty has for 
students. As director of the Thermal/Fluids Laboratory, Ban’s research deals with fluid 
dynamics, the thermophysical properties of certain materials and energy and envi-
ronmental aspects of coal and biomass utilization, a mouthful that would normally 
induce a blank stare from most students.
 What Ban and his peers bring to the classroom, though, is far from boring. 
“We are able to bring applicable examples from our research into the classroom,” said 
Ban. “Bridging the gap between theory and textbook to application and execution. 
However, our job as professors is made easier with such exceptional students.”
 An example of what the department has to offer is personified in junior Karen 
Nielson. Coming to Utah State from Las Vegas, Nielson has taken full advantage of 
all the activities available to students, both academic and extracurricular. This Re-
search Fellow received an Honorable Mention for the national Goldwater Scholarship 
competition and has also recieved one of the university’s oldest awards, the A-Pin. 
When she’s not researching in the lab, Nielson is on the HPER field scrumming with 
the women’s rugby team. She is also the team lead for USU’s Engineers Without 
Boarders Mexico Team and spent the summer in Boulder, Colo., fulfilling a fellow-
ship working at the National Institute of Standards and Technology.
 Nielson is just one example of the outstanding students that make up the depart-
ment.  MAE produced two National Science Foundation Graduate Research Fellow-
ships this past year. Sarah Isert, who participated as a research assistant at the NASA 
Propulsion Academy, and 2010 Goldwater Scholar Justin Koeln, both received the 
NSF fellowships described by Utah State University President Stan Albrecht, as “the 
nation’s most prestigious graduate awards in science and engineering.”
 

is problematic. The current designs for 
dry cask storage aren’t optimized for 
heat transfer, so the spent fuel is still too 
hot to be cooled by natural convection 
alone. 
 Using the wind tunnel, Smith and 
his team of students can measure heat 
transfer by forced convection (e.g., a 
blower creating wind) or natural con-
vection, including the transition from 
one regime to the other. The combina-
tion of the two convections is called 
mixed convection.
 “In the application of spent fuel, 
this facility will provide detailed velocity 
and heat transfer data to compare a 
model to,” said Smith. “It will provide 
data for the switch from forced through 
mixed, to natural convection as a plant’s 
flow slows down, such as when the main 
pumps fail.”
 The actual test area of the facility 
is a one-foot square, two-meter long 
rectangular box that runs through the 
center of the structure. One side of the 
box is a mirrored plate regulated with 
heaters	and	sensors,	capable	of	190°C.		
The other three sides of the test area 
are transparent, for laser-based velocity 
measurements.
 However, the facility is capable 
of much more than data for spent fuel 
models. In fact, data collected for spent 
fuel models doesn’t even require the 
use of the wind tunnel’s most unique 
features. 
 “What makes our wind tunnel 
unique is the capability to rotate the 
entire	facility	180	degrees,”	explained	
Smith. “Natural convection is affected 
by gravity. We can manipulate the 
influence of buoyancy in the tunnel by 
rotating the facility.”
 The capabilities of the facility are 
catching national attention. After Smith 
and his peer Robert Spall submitted a 
Nuclear Energy University Programs 
proposal, the Department of Energy 
offered	USU	$635,860	to	support	
university-led nuclear energy research 
and development. With multiple other 
proposals already submitted, Smith is 
hopeful that he, his team and his peers, 
will be making headlines soon.

Karen Nielsen, junior, 
Las Vegas, Nevada
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Science, Technology, engineering and Mathematics education is commonly 
referred to as “STEM” education, among educators and policy makers alike. 
These are the subjects that give students the tools to solve today’s pressing issues 

and problems, and it has been made clear by educators and leaders nationwide that 
STEM subjects are a priority in today’s classrooms.  
 Dr. Kurt Becker, Department Head of Engineering and Technology Education 
(ETE), researches topics involving STEM education in high schools and retention of 
engineering majors at universities. His current research, in partnership with Purdue 
University and funded by the National Science Foundation, focuses on the engineer-
ing design continuum that ranges from novice to expert, comparing how high school 
students in engineering courses approach and execute design, versus the approach and 
design used by college engineering majors and professional engineers. Obviously there 
are differences along the spectrum, and Becker’s research will identify these gaps. 
 “One of the research goals in the ETE Department is to determine how to opti-
mally teach and prepare students to make them better engineers,” explained Becker.
 In his study, high school students were asked to design a playground — a familiar 
and open-ended, but complex design problem — and given three hours to complete 
their plans. Each student was videotaped by a research observer, and students were 
prompted to think aloud as they worked through the problem. 

C O L L E G E  O F  E N G I N E E R I N G

e n g i n e e r i n g  a n d  T e c h n o l o g y  e d u c a t i o n

Learning
Thinking in STeM

Kurt Becker,
K-12 engineering design

exploring engineering design 
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 They were also asked to prioritize 
26 different design activities and rate 
them in order of importance to the 
design process. “What’s interesting is 
the fact that what students chose as 
most important didn’t match what they 
actually did,” Becker said.  “They all 
rated ‘planning’ as most important and 
then didn’t spend as much time on that 
when they carried out the project.  Also, 
expert engineers ranked ‘understand-
ing the problem’ as the most important 
design activity, so clearly there is gap in 
how these students are approaching the 
design process.” 
 Becker also noted that high school 
students don’t typically do well with 
generating ideas when presented with 
a problem. “Students will fixate on 

one idea, and then they’ll come up 
with several more because they know 
that’s what’s expected of them for the 
assignment, but they only really focus 
on and give attention to their initial 
idea. On the other hand, professional 
engineers continually keep the big pic-
ture in mind, which makes them better 
problem solvers and designers because 
they aren’t limited by this fixation.” This 
conclusion is further supported by the 
fact that the students often neglected 
to consider aspects such as budgeting 
and city code requirements, issues that a 
professional engineer would never omit. 
 The long-term goal of these studies 
is to redesign high school curriculum 
and potentially college engineering 
education, so that students develop 

and adopt these expert skills and ways 
of thinking earlier. Becker believes 
high schools and universities across 
the nation could do better at exposing 
students to real-life problems earlier on 
in their education instead of focusing 
solely on theoretical problems. 
 “These young students are enthu-
siastic. They want to change the world, 
make people’s lives better, improve the 
environment and solve real problems, 
all issues that can be approached from 
the engineering-design perspective. The 
problem is that students aren’t given 
exposure to these kinds of projects early 
enough, so they get bored and we lose 
them.”
 The results of this ongoing study 
will be communicated to high school 
curriculum developers, and potentially 
to universities, with the intent of chang-
es being implemented in the classroom 
in time to benefit the current generation 
of youth. These curricular improve-
ments will excite more students about 
engineering design and help them better 
understand how science, technology, 
engineering and mathematics subjects 
play an important role in design, and 
the process professional engineers follow 
in approaching engineering design. 

uSu Flight Students Take 
to virtual Skies
The Aviation Professional Pilot program 
boasts a sleek flight simulator as the new-
est addition to its training equipment. 
The Redbird All-Glass Cockpit Flight 
Simulator is housed at the Logan-Cache 
airport, and it’s hard to miss its shiny 
red-and-white siding and impressive size. 
The Redbird is definitely eye catching, 
especially compared to the drab old simu-
lator that still sits in another corner of the 
building. 
 “This simulator is heads and heals 
over the old one,” says Tom Davis, a 
flight instructor in the Professional Pilot 
Program. “It’s as close to flying a real 
airplane as you can get.” Specifically, the 

Learning
ETE Department Head Kurt Becker (left) is committed to 
improving engineering education.
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Thinking about Thinking: 
Metacognition applied to 
engineering design
Utah State University’s Dr. Oenardi 
Lawanto is head deep in unprecedented 
research that could improve the way 
students approach engineering design. 
Lawanto is working with a concept called 
metacognition, which he describes as 
“thinking about thinking.” Metacogni-
tion involves awareness of one’s thought 
processes and various stages of problem- 
solving strategies.
 Research has been conducted on 
metacognition in the past, but mostly 
in other fields like reading comprehen-
sion, training, science, and mathematics 
education. Lawanto is among the first to 
apply research in metacognition to the 
field of engineering design. “Engineering 
design is all about solving complex and 
ill-structured problems. Metacognition 
is concerned with planning, monitoring, 
and regulating, which is crucial to suc-
cessful engineering design.”
 Lawanto has completed pilot studies 
in metacognition with high school stu-
dents and college freshmen, and recently 
received NSF CAREER funding for a 
five-year study on metacognition and 

EnginEEring anD TEcHnologY EDUcaTion profilE
•	 USU	is	home	to	one	of	only	three	Ph.D.	programs	
in	the	nation	in	the	emerging	discipline	of	engineering	
education.	USU’s	first	Ph.D.	graduate	will	finish	the	
program	in	December	2011.	
•	 Students	in	the	engineering	and	technology	
education	undergraduate	teacher	education	program	
have	100	percent	job	placement	in	teaching	positions	

after	graduation.	
•	 The	Engineering	and	Technology	Education	
Department	is	a	leader	in	research	of	
metacognition	in	engineering	education.	
•	 Students	in	the	department	participate	
with	the	VEX	Robotics	team	that	consistently	
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new simulator is exactly like flying the 
airplanes at USU, as it’s a close replica 
of the cockpit in the university’s 12 
Diamond Aircraft. Redbird designers 
even customized the simulator’s graphics 
to match the Logan-Cache airport and 
USU’s aircraft, so it really is as though 
students are flying in the planes they use 
for their training. 
 This was one of the main require-
ments when Nolan Clifford, director of 
Aviation, decided on which simulator the 
program should purchase. The other was 
certification from the Federal Aviation 
Administration, which is crucial to qual-
ity pilot training and corresponds with 
the main goals of USU’s program, which 
are to promote professionalism, and 
above all, safety. 
 The Redbird certainly promotes safe 
flying practices. It can replicate any air-
port in the world, night and day, under 
all weather conditions, recreating virtu-
ally every possible scenario that students 
could encounter as pilots. Each student 
flight is recorded so students and instruc-
tors can review the flight afterward, 

which gives students clear instruction 
on how to improve and become better 
pilots.
 “It’s great because we can take 
students into some pretty scary situations 
that we would never actually let them 
get into in real life,” says Davis. Because 
students can log hours with these virtual, 
dangerous flights, they are able to hone 
their skills as safe pilots. 
 Students can also get more experi-
ence and flight hours for their money 
with the Redbird. In order to log the 
flight hours needed for licensing in the 
program, students must rent time on 
the actual aircraft or the simulator. To 
rent time in the planes, students have to 
pay	$170	per	hour,	while	the	simulator	
flights	cost	only	$83	per	hour.	
 Always the frugal crowd, students 
are pretty excited about this. Especially 
when they compare its capabilities to the 
old simulator, which had a few personal-
ity quirks that made flying it more a hin-
drance than a help. “The old simulator 
was touchy and nonresponsive,” explains 
Clifford. “Students were spending more 

time learning how to maneuver around  
its quirks than actually learning how   
to fly.” 
 Davis laughs about the old simula-
tor as well. “I went through the program 
as a student before I became an instruc-
tor, so I’ve been here about 10 years, and 
compared to the resources I had, this new 
simulator is incredible.” 

View of the runway inside the 
Redbird All-Glass Cockpit Flight 
Simulator
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competes	strongly	against	other	universities	from	
around	the	world.	
•	 USU	houses	the	National	Center	for	
Engineering	and	Technology	Education	(NCETE).	
The	Center	focuses	on	research	in	engineering	
design	thinking.	
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Sometimes engineering 
courses Just click
Dr. Ning Fang was the first professor in 
the College of Engineering to use wireless 
clickers in the classroom back in 2006. 
Clickers are classroom response systems 
that allow students to anonymously re-
spond to multiple-choice questions.  Stu-
dent responses are immediately displayed 
on a projector screen, so the professor and 
the class can see exactly what percentage of 
the class answered correctly.  
 The value of using clickers in the 
classroom is that they provide immediate 
feedback and real-time evaluation of stu-
dent learning. Fang has specifically focused 

self-regulated learning for engineering 
design students. 
 Thinking about thinking is a con-
fusing concept, and researching thinking 
about thinking can be even more con-
fusing. In addition, assessing students’ 
metacognition requires rigorous tools 
and methods. “It’s what I call a dirty 
job,” Lawanto says about his research. 
“It’s really muddy because students come 
to the table with various background 
knowledge and different understandings 
of what is expected of them, and since no 
one has ever researched this before, there 
will be a lot of double and triple check-
ing to make sure I collect valid data. In 
fact, I see this as a never-ending project, 
because we can always go back and learn 
more and keep improving.” 
 The long-term goal of Lawanto’s 
research is to improve students’ design 
skills through self-regulated learning and 
metacognition. He hopes to use his find-
ings to improve classroom education for 
students, because if they can be taught to 
develop these skills, their potential in en-
gineering design could be much greater. 

“I plan to develop a teaching guide for 
educators so this research can be put into 
practical use,” he says, “because other-
wise, you just put your research on the 
shelf and what good does it do if you 
don’t apply it to improving teaching and 
learning?” 

his research with clickers in college-wide 
fundamental engineering courses he 
teaches, including engineering dynamics, a 
large and difficult class typically taught in 
the traditional lecture style. 
 “If I see that a significant portion of 
the class has gotten a question wrong, I can 
adjust my lecture to make sure the students 
understand how to get the correct answer. 
It allows us to stop and answer questions 
students may have in that particular area, 
which I might not have anticipated when I 
planned my lecture.” 
 Clickers are also useful for housekeep-
ing purposes in teaching, such as keeping 
track of attendance and seeing if students 
have completed their assigned readings. 
“These kinds of things are fundamentals 
to classroom success,” Fang says. “And the 
clicker is an efficient way to monitor them 
and motivate students to succeed.” 
 Fang’s work with clickers has sparked 
interest in the College of Engineering and 
clickers have now been implemented in 
other engineering courses. Along with his 
colleague Laurie McNeill, Fang has also 
recently given a lecture in a college-wide 
seminar on how to effectively use clickers 
to improve teaching and learning.

Dr.	Ning	FangStudents solve an engineering design problem.
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