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Development of a Learning-Focused Core Astronautics Course

Abstract

A new undergraduate core course in astronautical engineering was developed at the US Air
Force Academy (USAFA) in 2004. This followed an extensive review of two undergraduate
core astronautics courses. The review included two small focus groups and student written
assessments from approximately 700 students. Anonymous time logs from every student in the
two courses provided a quantitative determination of the amount of time students spent working
outside of class. To determine if students had an adequate understanding of space, current and
former faculty were surveyed along with space leaders in the Air Force who supervise Academy
graduates. As a result of this broad review, it was decided that the two courses should be
combined into one large, improved course, which is now taught to approximately 1,000 cadets
each year. This new course was redesigned with an emphasis on student learning.
Computerized visual animation tools were added to the course, which allowed students to see
satellite orbits. These computer-based labs emphasized key concepts from class such as satellite
maneuvering, ground tracks, rendezvous, orbit propagation, perturbations, and constellation
design. A small table-top satellite, with fully functional subsystems, was also used to
demonstrate and reinforce satellite design principles introduced in the text. These principles
were then applied to a preliminary satellite design project. New assessment methods using on-
line quizzes measured student learning for every lesson. These on-line quizzes required students
to prepare for every class. Multiple assessments conducted after the initial offering of this new
course showed students were much better prepared for class. Many of the new methods used in
this course have since been adapted by other courses, including some courses from other
disciplines, with very favorable results.

Background

In the fall of 2003, the Air Force Academy’s department of Astronautics began a major review of
two undergraduate core astronautics courses. These courses, which had been taught for over 15
years, covered basic principles of astrodynamics including: two-body orbital mechanics,
Kepler’s problem, Hohmann transfers, rendezvous, and interplanetary transfers. The courses
also covered rocket propulsion, staging, and launch windows. In addition, about a third of each
course was spent covering satellite design, including an overview of payloads and major satellite
subsystems. Every cadet at USAFA was required to take one of these two courses. Individual
departments decided which course their majors were required to take. One of these courses was
taught to approximately 500 students each year, and the other was taught to about 300 students a
year.

The smaller course, Astro 320, was more technical and designed for engineering majors and
most science majors. It included computer programming projects, which followed some of the
astrodynamics topics including converting a satellite’s position and velocity vectors to classical
orbital elements and propagating them forward in time. The larger course, Astro 410, did not
have any computer programming. The students in this course were typically non-technical
majors.

£'605°2T abed



Course Reviews

A committee of five experienced instructors was formed to review these two courses and
recommend any necessary changes. The committee gathered data from the students, current and
former faculty, and senior military leaders in space related career fields.

Student input came in many forms, all of which were completely anonymous. For over 20 years,
students had submitted end-of-course critiques on every course at the Air Force Academy.

These included standardized Scantron questions as well as written comments. Questions focused
on the instructor’s ability and the course material covered. They also asked questions about
timeliness of feedback and usefulness of the course text. These critiques allowed faculty to
compare different courses and detect trends in student perceptions. The committee reviewed
recent critiques from both astronautics courses and decided more input was needed from the
students.

Therefore, the committee solicited the help from the Air Force Academy’s Center for
Educational Excellence (CEE), which occasionally runs student focus groups for department
reviews. This office conducted two focus groups at the end of the semester, one for each
astronautics course. Both groups consisted of 12-15 students, comprised of a cross-section from
each course. The committee provided open-ended questions, which generated discussions about
the specific courses. No one from the department of Astronautics was present during these focus
group discussions. Instead, the committee was given an anonymous written transcript of the
discussions, which masked the students’ identities. The CEE office also summarized what they
thought were the strengths and weaknesses of both courses from the students’ perspective. For
Astro 320, the more technical course, they concluded students gained a good basic understanding
of astronautics and how it would relate to their future jobs. However, students felt they had too
much homework, particularly too much computer programming, which detracted from the rest of
the course. For Astro 410, the non-programming course, students really liked their instructors
and the course text, but they wanted feedback from their instructors on a more regular basis, and
they did not see the correlation between the course objectives, the text, and the exam questions.

The committee was concerned about the level of work required by each course. Most instructors
agreed Astro 320 required significantly more work than Astro 410, primarily due to the computer
programming. Also, students in Astro 410 routinely came to class without doing any work
outside of class. Therefore, it was understandable that they did not see a correlation between the
course objectives, the text, and the exams. To quantify this data, the committee decided each
instructor would collect anonymous time logs of every student from one of their classes each
lesson to determine how much time students spent preparing for class. These time logs included
almost 70% of the students from both courses. The time logs confirmed the committee’s
suspicions. Cadets in Astro 320, the more technical course, spent almost an hour more preparing
for every lesson than the students in the non-programming course. The committee also
discovered most students in Astro 410 did no work outside of class unless there was a test or
project due the next lesson. Sometimes this meant little or no work was accomplished outside
class for several weeks at a time.
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In addition to gathering data from students, the committee sent surveys to current and former
instructors as well as commanders from Air Force labs. The survey focused on what subjects Air
Force Academy graduates understood well and what areas needed more focus. There were a
variety of answers, but the general consensus was that Academy graduates understood space very
well. Some people felt the course should include more discussion of specific topics: more
communications, more about the space environment, etc. However, there was no real
consistency in their answers. The only common theme was summarized by a senior space leader
who said that the committee should resist the tendency to make a laundry list of competencies
linked to the space business. He argued that the committee should “not be in the business of
giving graduates just what they ‘need to know about space’ ... the undergrad business is much
more about teaching them how to learn, which means setting the ‘bar’ much higher than any of

them will ever believe that they need to know”.!

The committee also interviewed course directors from two other core courses at USAFA. One of
these courses had historically been evaluated by students near the top of the core engineering
courses. The other course, offered by the Law department, had been consistently ranked as the
top overall core course at USAFA. Surprisingly, the “model” engineering course had similar
issues as Astro 410 — students rarely opened the book outside of class, and faculty tended to
“spoon feed” the students so they would learn the material. In contrast the Law course fostered
an environment where the students had to come to class prepared. They accomplished this by
grading student preparation. This was much more of the learning-focused environment the
committee wanted in the astronautics course.

Redesigned Course

As a result of the semester-long review, the committee made a number of recommendations, all
of which were implemented. First, the two courses were combined into one core course. The
new core course, Astro 310, had a number of significant changes, which required a great deal of
work from every instructor in the department. The three major changes are explained below. In
addition to these changes a separate pass/fail lab was added introduce students to the
programming aspect of astrodynamics.

On-line Quizzes

The course textbook, Understanding Space, by Sellers, was always rated very high by the student
critiques. It is extremely easy to read, and many concepts do not require additional explanation
from the instructor. Unfortunately, students often did not open their book outside of class. The
committee knew students would learn more if they were required to work before coming to class
every lesson, not just the night before a test. Therefore, the committee recommended adding on-
line quizzes which would be due before nearly every lesson. These multiple-choice quizzes were
designed to take about 30 to 45 minutes each. The quizzes typically have about eight to ten
questions, about half of which test very basic concepts or definitions needed for the day’s lesson.
The answers for these questions come directly from the textbook. The other questions are more
difficult, requiring students to apply what they learned during the previous lesson.
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For example, a quiz prior to the initial lesson introducing classical orbital elements might ask
“What does the semi-major axis of an orbit measure?” This basic definition is covered in the
assigned reading and is something every instructor would expect students to learn on their own
before coming to class. In contrast, the following lesson’s quiz, might ask a student to calculate
the semi-major axis, duplicating the type of problem that would have been covered in class
during the previous lesson.

To avoid wasting precious class time, these quizzes are taken by students on-line prior to coming
to class. They are assigned for almost every lesson (37 of the 40 lessons). The quizzes are
individual effort, requiring each student to work independently. Each quiz is worth less than
0.5% of their total grade, yet all the quizzes combined are worth 15% of their overall grade.

Satellite Tool Kit® (STK)

The review committee decided the course should include more software programs that help
students visualize the concepts discussed in class. “Satellite Took Kit” (STK) seemed like the
perfect program. Some of the department’s major’s courses used STK, and the committee was
able to obtain an educational license for the core course as well. This is an extremely powerful,
industry-standard, satellite program. It allows students to see ground tracks and 3-D orbits,
reinforcing difficult principles taught in class. The committee recommended nine lessons be
devoted to self-paced STK labs, which were developed by Department of Astronautics faculty
specifically for this new course. These labs wrapped up each block and reinforced such topics as
ground tracks, rendezvous, orbit prediction, launch windows, reentry, and constellation design.

Each of these self-paced labs now includes a 5 to 15 page lab manual, which begins by
motivating the problem with real satellite systems. The students, in teams of two, are then given
a problem, similar to something covered in class. After completing their calculations, the
manual steps the students through the STK program, showing them how to build or modify a
scenario, which allows them to visually verify the result of their calculations (See Figure 1 and
2). The goal of these labs is not to teach the students to become STK experts, but merely to
allow them to visually see orbits and ground tracks, thus giving them a better understanding of
more difficult concepts introduced in class.
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Satellite Demonstrator

The committee also wanted more hands-on activities during the satellite design portion of the

»

S @ [&
;’3 | 1 Jun 2003 14:38.00.00 —_— [~

B HAddubbpesa 2

Earth Inertial

1 Jun 2

& HTML View...| i HTML View... @ 30 Graphics ]gg 2D Graphic

EF3

1 Jun 2003 14:38:00.0 Time Step: 60,00 sec

EPE - STKvS .| Desktop

course. The Department of Astronautics had the perfect satellite demonstrator to do this.

EyasSat is an educational satellite system, developed by the Department of Astronautics to help
teach systems engineering. This is a complete working satellite system for classroom use. The

Academy instructors, who developed this table-top satellite, received the prestigious
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International Boyer Award for Teaching and Technology
Excellence. This satellite had primarily been used in the
Department of Astronautics’ junior-level systems
engineering course. The committee thought it could also
be used effectively in the core course.

EyasSat can effectively demonstrate six traditional
satellite subsystems, all of which are covered in the core
astronautics course: Structural, Electrical Power, Data
Handling, Communications, Attitude Determination and
Control, and Thermal. Each subsystem is capable of
receiving commands and generating telemetry via the
graphical user interface (GUI). The GUI resides on laptop
computers that can communicate through a wireless radio
connection.’ Figure 2 shows EyasSat’s GUI for the
Electrical Power subsystem.

Figure 3: EyasSat®

The complete satellite measures
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' the new core course.

Figure 4: EyasSat’s Electrical Power GUT’

Assessment of New Course

Through great effort by every instructor in the Department of Astronautics, the new astronautics
course was offered one year after beginning the assessment process. Approximately 800
students took the new course in Academic Year 04-05. The Department of Astronautics assessed
this new course in a number of ways. Student end-of-course critiques were collected, and the
Academy’s Center for Educational Excellence conducted another focus group at the end of the
first semester including a cross section of cadets from the new course. In addition, anonymous
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time logs were collected from students enrolled in the course during the first semester, as had
been done with the two previous core courses. These data points allowed faculty to compare
student perception and work effort before and after the new course was developed.

The committee found that students enjoyed the hands-on STK labs quite a bit, but they were very
frustrated by the on-line quizzes. In an effort to get the course up and running, the department
did not do a good job checking every on-line question, and some of the questions were much
more difficult than desired. Therefore, during the second semester, instructors rewrote all the
on-line questions and had two experienced instructors check every question. The course surveys
after this second semester indicated the problems were corrected. There were far fewer
complaints about the quiz questions, and many students commented that it kept them in the book
a little each lesson.

The assessment committee was extremely pleased with the time logs from the new course. They
showed almost every student did some work before every class. Students in the new course
spent 40% more time preparing for class compared with the larger of the two previous core
courses, Astro 410. This allowed instructors to begin class without reviewing basic concepts,
which were explained in the textbook.

The Department of Astronautics also found the on-line quizzes allowed instructors to quickly
focus on subjects that needed extra review. For example, an instructor can now review how
his/her class did on that day’s quiz before going to class. If a large number of students missed a
particular question, the instructor can begin class by reviewing that problem. For example, as
shown in Figure 5, an instructor can view the answers from any one student, or he/she can look
at the very bottom for a summary. In this case, notice 9 of the 22 students missed the last
question. This would be a good problem for the instructor to review at the beginning of class.
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Figure 5: Instructor’s summary from an on-line quiz*
Conclusion

An extensive review was conducted of two large core astronautics courses. This review looked
at student perceptions and the amount of required work. The review committee also reviewed
other core courses at the Air Force Academy, including one course from engineering and one
from Law. In addition, the committee solicited inputs from current and former faculty as well as
Air Force space leaders.

The committee recommended that the two courses should be combined into one larger core
course, which would be required for every cadet at USAFA. There were three significant
changes recommended for this new course. The new course implemented on-line quizzes almost
every lesson, and a number of software labs and satellite demonstrations were added to the
course. Student and instructor assessments indicated these changes improved student learning.
In the new course, the average student spent more time outside of class and came to class more
prepared than before. The changes have also allowed instructors to more quickly focus on areas
that require review.
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