Peer Review of Teaching Portfolio
Astronomy 103 — Fall Semester, 2002
Kevin M. Lee

University of Nebraska — Lincoln

Table of Contents

Interaction #1

Interaction #2

Interaction #3

Appendix A: Astronomy 103 Course Syllabus
Appendix B: Sample Reading Quiz in EDU
Appendix C: Sample Homework Assignment
Appendix D: Sample Exam #1

Appendix E: Example of Student Work for Project #1

Appendix F: Examples of Student Work for Project #3



Interaction #1 — Peer Review Project

Astronomy 103, Fall Semester 2002
Description of Course and Students

The course in question is Astronomy 103: Descriptive Astronomy. This is a general education
science course that is typically taken by first year students. The UNL Undergraduate Bulletin lists the
following course description: “Approach is essentially nonmathematical. Survey of the nature and
motions of the planets, the sun, the stars, and their lives, galaxies, and the structure of the universe.
Black holes, pulsars, quasars, and other objects of special interest included. *

The course is regularly taught in Ferguson 217 which holds approximately 150 students and it
almost always fills up. At the end of the drop-add period, there were 146 students enrolled in this
section. There has not been a graduate TA assigned to the course for many years. A resource room is
staffed by undergraduate astronomy majors about 12 hours per week to help answer student questions.
Some grading help is available from these undergraduate assistants.

The students taking this course come from widely varied backgrounds. This is a major obstacle for
this course. There are a few students who find the course simplistic and many who find it overly
difficult. Students also often enter the course with erroneous expectations of what astronomy is all
about. They expect to learn the names of planets, stars, and constellations and to be able to tell
mythological stories about them. When they discover that they are in a true science course and are
expected to understand concepts such as the energy levels of the hydrogen atom and nuclear binding
energy they are often disappointed and frustrated by the difficulty level.

The vast majority of astronomy 103 students only take this one course in the Department of Physics
and Astronomy. However, it is an extremely important course to the department because of credit hour
production. Over 1400 students a year take astronomy 103 which is around 30% of the departmental
credit hour production.

Course Goals
This is a survey course so students should get a thorough overview of the subject However, there are
three main ideas that are emphasized throughout the course:

1) Students should leave this course with an understanding of what they see in the sky.

e  What is the path of the sun across the sky and how does that vary with latitude and time of
year and give rise to seasons on the earth?
e  Where can the moon and planets be found in the sky, how do they appear and move
relative to the background stars, and how is that a function of latitude on the Earth?
e  What are the shapes of star trails in the sky and how does that vary with latitude and
direction of view?
These are the types of astronomical phenomena that students regularly see in the night sky.
Understanding the appearance of the sky is important — everyone should have a basic understanding of
their surroundings.
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2) Students should gain a sense of perspective in regards to space and time.

e The universe has been around for about 12 billion years.

e We can see objects with the Hubble Space Telescope that are so far away it has taken 10
billion years for their light to get to us.

e  Our sun is one of about 100 billion stars in the Milky Way Galaxy, which is one of about
100 billion galaxies in the universe.

All of these statements illustrate the enormous scales of space and time that are discussed in
astronomy classes. These scales dwarf the size of our planet and the length of recorded human history.
These comparisons are important to help students understand how “peripheral’ human beings are in
the universe.

3) Students should understand the scientific method.

We summarize the scientific method as observe, theorize, and verify. Students need to know that
science is a continual process of checking and rechecking knowledge — nothing is excepted on faith.
We also stress the importance of observing in an unbiased manner.

Goal #1 1s achieved through a thorough coverage of coordinate systems and using them to describe
the sky. The normal speed of the course slows down and we spend about 3 whole weeks on
describing motions and locations on the sky. Students build a celestial sphere kit which allows them to
simulate most of these phenomena. Students also visit the planetarium for a special show on this topic.

Goal #2 1s achieved quite naturally as the course progresses. Our coverage of astronomy begins in
the solar system and gradually moves outward to distant galaxies. We discuss the birth of the universe
in the ‘big bang’ over 12 billion years ago. We speculate about the end of our solar system as our star
evolves into a red giant and the future evolution of the universe.

Goal #3 is embedded in everything we do in the course. When discussing a theory that is widely
believed by astronomers, we always discuss the observations that make astronomer’s think this way
(and any other possible explanations). When we discuss astronomical phenomena that are not
completely understood, we also cover planned observations that may eventually lead to an
understanding,

Instructional Techniques

A variety of instructional techniques are utilized to achieve the goals discussed above. Although this
a large lecture course, many efforts are made to make it as interactive as possible. Peer instruction is
used in most classes. Students have a bundle of colored index cards with which they convey their vote
on questions projected onto the overhead after discussing the question with their neighbor. The
course pack contains a sparse outline of the class lectures known as “Participatory Notes™ which
students “flesh™ out with the instructor. Exercises are embedded throughout the notes and are often
started in class. Extensive use of computer animations (many developed locally) is made in class.
Demonstrations are performed when appropriate.
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EDU is an extremely flexible and powerful web-based assessment engine that is used a lot in this
course. It allows you to give assignments on the internet and the student work is graded and recorded
automatically. EDU allows you to incorporated images, table of data, animations, and many other
resources into questions. It also has many randomization capabilities so that no two students will get
exactly the same assignment.

The students have reading quizzes before each class which allows the amount of time spent in class
on activities to be larger and time spent on lecture smaller. The textbook (Foundations of Astronomy
by Michael A. Seeds) is an extremely accessible book and students are able to read it without
difficulty. Longer homework exercises that cover about a week of material are done after the
presentation of the material in class. These activities are mastery-based in that students may take them
repeatedly and only their highest score is counted. The exams which are given in the Burnett testing
center largely consist of the same questions (randomly selected from large pools of questions of
comparable difficulty).

Student also complete hands-on projects. Some of these involve kit building -- students build a
celestial sphere, telescope, and spectroscope. Others involve exercises with astronomy applets or the
desktop planetarium program Redshift that each student received with their text.

It should be noted that there is considerable overlap between the instructor’s research interests and
the practices in this class. Both the EDU usage and the development of astronomy applets are part of
grant funded projects.

Motivations for a Course Portfolio
I 'am presently not in a tenure track position and I will be the only person from my department to
ever participate in Peer Review. It will be a useful item to add to my professional credentials. I also
hope that the feedback will help me improve my teaching.

Motivations for a Choosing Astronomy 103

Astronomy 103 and Physics 151 are the two lecture courses that I teach frequently and I have spent
considerable time in developing materials for them. It happens that I am not teaching Physics 151 this
term and thus Astronomy 103 was the logical selection.

My greatest concern at present is how to elegantly make the transition from an instructor-centered
format (that I started teaching with over 10 years ago) to a student-centered format (that I know will
achieve better results). [ presently have retained all of the old components and added a bunch of new
ones resulting in a course that may have too many components and may be too complicated for first-
year students. I need to make some decisions about how to best make this transition.

A related concern is the present (and likely future) shortage of TA support. Unless more extensive
support mechanisms are found to help with the large number of students, the course will need to be
downsized/simplified.

This course’s greatest strength is also its Achille’s Heel -- it makes heavy use of instructional
technology. Astronomy 103 must be a very visual course (requiring extensive computer images and
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animations), allow students to practice with the concepts (requiring web-based assessment), and have
explanations of its complicated procedures available (requiring an extensive website). The course runs
smoothly when all of these components are working. However, computer technology occasionally fails
and it is difficult to always have a backup plan prepared.

Portfolio Goals
There is one major issue my portfolio will address:

e To examine the effect of web practices on students’ performance and attitudes. Nationally
students come in liking astronomy and they leave the course not liking nearly it as much. This
occurs due to misconceptions they have regarding what the course is all about and because
much of the material is very difficult. It would be great to at least have them leave the course
liking it as much as when they came into the door.

The Astronomy 103 students have already been given attitudinal and diagnostic pre-tests and will
receive post-tests at the end of the course. The post-tests will be specifically designed to address these
questions.



Interaction #2 — Peer Review Project

Astronomy 103, Fall Semester 2002
Teaching Methods

I want to make this class as interactive as possible. My syllabus contains the commonly used
adage “learning is not a spectator sport” and I strongly believe that. However, this interactivity must be
accomplished within the constraints of having 150 students in the class and still presenting the majority
of the course content.

The lecture classes are primarily based around the ““participatory notes” I made for the course.
These notes provide the students with a basic outline of the information but also force them to fill in
some of the most important information. For example, most diagrams are only partially completed and
major conclusions usually contain “fill in the blanks”. Thus, students reinforce the major ideas through
writing them, but aren’t forced to write down so much that they can’t follow the lecture. There are also
exercises in the back with which students can practice. We normally start these exercises in class and
keys are posted in the hall. These notes attempt to blur the line between lecture and exercises. They
allow students to be interactive learners instead of just listening to a lecture.

I 'am also using a peer instruction method in class where I put questions up on the overhead and
have the students discuss them and then vote on the answers with flashcards. I have used this method in
a Physics course and it has worked well, but this is the first time I have tried it in this course. It does not
seem to be working as well with this class. They are not participating at as high a level as I had hoped
they would. Problems so far seem to be related to social issues as opposed to the astronomy content. I
believe some “ice breakers” are needed in the future.

I also make considerable use of animations and simulations in class. The animations are chosen
because they are visually vibrant and they help keep the students’ attention. Simulations allow a much
greater degree of participation. We usually explore the variables of a simulation as a dialog. After they
see how it works, I can do a lot of “what will happen if I change this variable?’ type of questioning with
them.

These methods are intended to be the opposite of having students just sit there and listen to a lecture
-- at least as much as possible with a class this size. The students are definitely participating at a
reasonable level but there is room for improvement. However, in class is not really where I try to
assess student learning. I have much better ways of doing that in activities outside of class.

Student Assignments Outside of Class
Students take two types of EDU (web-based assessment) assignments as well as complete projects.
I endeavor to keep them busy.

Reading Quizzes are given before every class over the material to be covered that day. The most
important points are still presented in lecture, but this method allows the presentation of basic
information to be very brief and leaves more time for activities. I also believe that they learn more from
lecture since you can build upon a foundation of knowledge they have obtained from the reading. The



reading quizzes typically contain between 3 and 5 multiple choice questions over the main concepts in
the reading and can be taken as many times as they want in the 24 hours before class. However, there is
random selection from groups of comparable questions so students will not get the same questions each
time.

Online Exercises are given over approximately a week’s worth of material. They typically consist
of 10 to 18 questions selected randomly from groups of comparable questions. Students can take theses
assignments as many times as they want during a week’s period with only the highest grade counting.
These exercises are also made available before tests in EDU’s practice mode. This system basically
amounts to a public test bank available to students to practice with as much as they want before tests.
The system is set up so that if they put in the time and effort they should do well. However, they still
need to demonstrate knowledge over the same material in a closed-book proctored exam.

Students also complete projects. Three of these consist of kits that students build which include a
telescope, spectrometer, and a celestial sphere. This gets them doing things we are talking about and
has them build a smaller version of the two main instruments used by astronomers. After they build
each one they have to sit down with either myself or a student assistant and discuss it. This is where I get
a good idea of where they are in the course (especially with the celestial sphere).

Course Materials

The participatory notes are supplemented by a textbook. This book is a standard astronomy text
that is very well known for its accessibility. Students can realistically be expected to read this before
class and understand most of the content. The course is then taught at a little higher level than the book.
I take the concepts from the text and we use those as starting points for conversations in class and
eXercises.

I expect students to read the text before class. The reading quizzes are a strong encouragement for
them to do this. Once they get to class the participatory notes form the basis of the class and [ use
overheads to illustrate the concepts in the participatory notes. I think this format forces the students to
interact and work with the course concepts. The ideas in astronomy are very foreign to most students --
they have never thought about these concepts before in their entire lives. The course has to be very
interactive for them to learn the material. They are not simply going to absorb the material from
listening to an instructor lecture. I also believe that since I am using a broad spectrum of interactive
instructional methods I am addressing the fact that all students learn differently.

Course Goals

There are certainly a larger number of high grades since I began using EDU. Approximately 40%
of the students really put in the necessary time and leave the course with good understanding of the
concepts. I also see the opposite extreme happen. Students who don’t put in much time working with
the online assignments do very poorly. This bi-polar nature of the course really makes those that are not
working hard stick out. In 100-level general education courses, we simply get a lot of students who are
really not ready for college. The course format shows students exactly what material they are
responsible for and gives them the opportunity to practice with the material and obtain feedback.
However, ultimately they actually have to do the work themselves.



Broader Picture

The students in this course come from very diverse backgrounds and have such varying talents that
it is impossible to identify some common platform of knowledge and build upon it. In fact, many
students have significant misconceptions regarding astronomy and we need to dismantle those before
any new knowledge can be built. There is also no common set of skills that they need to have when
leaving this course. In fact, there is a wide range of opinion among astronomy instructors regarding
what material should be covered. For many students, this is the only college science course that they
will take.

This course does contain a number of useful skills beyond knowledge of astronomy. Students are
asked to use a lot of basic mathematical reasoning such as linear proportionality and to extract
information from a variety of graphs and diagrams. There is a lot of higher reasoning used in the course,
especially spatial reasoning, that will be useful to them later on.  When they leave the course they will
be able to read a newspaper article about astronomy and understand it. When they go outside and look
up at the sky they will understand what they see and why it is there from a scientific standpoint.



Interaction #3 - Peer Review Project

Astronomy 103, Fall Semester 2002

In performing an evaluation, it is important to remember that this is a 100 level course
with 150 students. It was one of four courses that [ was involved in teaching the Fall 2002
term (2 3-credit lecture classes as sole instructor, 2 1-credit courses that I co-taught). There
is no graduate TA support provided (although some undergraduate TA support was
available). Thus, it was important to weigh carefully the benefits and costs associated with
all assignments and interactions with students. It is challenging to provide substantial
feedback or any type of individualized instruction for this many students.

Several different criteria will be used to evaluate student learning, experiences,
and attitudes in this course. They include: summary of EDU practices and student EDU
survey results, distribution of student grades, anecdotal assessment from grading of
student projects, surveys of attitudes toward astronomy, and results of a standardized
diagnostic test (Astronomy Diagnostic Test 2.0).

Motivations for EDU Usage

Many studies have shown that no variable correlates better with academic success
than “time-on-task”. Thus, it is very important factor that students be willing and able to
spend a sufficient amount of time to learn the material. This is especially true in
introductory science classes where most students find the subject matter to be very
challenging and large amounts of material are surveyed. Most of these students are in
their first-year of college work and have not yet developed good study habits. Even those
who put in a good deal of study time have difficulty managing the large amount of
information that is covered. This is often apparent when students who have been
attending class regularly and studied hard the night before the first test fail at very low
levels. Most students do not study regularly nor do they perform any self-checks to
determine if they are understanding the concepts of the course. Often the traditional
organization of large lecture courses does not help matters as there may only be a month
of lectures with little or no feedback before the first test. Students often have little
feeling for where they stand in such a course and have tremendous anxiety over
examinations.

The implementation of EDU in Astronomy 103 utilized mastery learning
techniques and was designed to combat these difficulties. Assignments were given
frequently to keep students actively participating in the course and the scores provided
feedback for both student and instructor on the current level of achievement. Reading
quizzes due immediately before class encouraged students to read the book and come to
class prepared to interact at a high level. Homework assignments with extensive
randomization encouraged students to practice with course concepts. Both types of
assignments could be taken repeatedly which encouraged students to keep at it until they
mastered the concepts. The majority of exam questions were then selected from the same
pool of questions used on the homework assignments. It was also hoped the system



would reduce test anxiety by showing students exactly the material for which they were
responsible and allowing them to practice with it beforehand.

EDU Usage Statistics

Reading quizzes were due before all classes except when a homework assignment
was due on that day. This amounted to 32 reading quizzes. Each quiz contained 3 or 4
straightforward multiple choice questions with which students who had done the reading
would have little difficulty. Each question was selected randomly from a group of 3 or 4
comparable questions. Thus each reading quiz had a pool of 12 to 15 questions which
could possibly appear. Analysis of the EDU gradebook showed that these 32
assignments were taken a total 9,389 times. On average each student took 63 + 28
reading quizzes for the course. A sample reading quiz can be found in Appendix B. (It is
difficult to convey the exact appearance of an EDU assignment that a student sees. The
system purposely makes it difficult to print out assignments for security reasons.)

There were 14 homework assignments given throughout the term. Each
assignment contained 12 questions on average each of which was randomly selected from
a group of 6 to 8 questions of comparable difficulty. These questions were more
substantial than reading quiz questions often involving extracting information from maps
and diagrams. The 14 homework assignments were taken a total of 9,192 times during
the windows when they could be taken for class credit. On average each student took
63 + 41 homework assignments in the course. The assignments were converted to
practice mode after the due date. Since EDU does not record scores in this mode, they
were certainly taken an even larger number of times. A sample homework assignment is
provided in Appendix C.

The 3 hourly exams contained 50 questions and the comprehensive final exam
100. Each of these exams had a practice version that could be taken twice over the
internet (and students religiously took advantage of this) before the proctored version was
taken in our testing center where a picture ID is required. The student report version of
Exam #1 is provided in Appendix D.

These three contributions sum to a very significant amount of time students spent
working with the course concepts and vocabulary in the EDU system. This system
effectively provides a public testbank with which students were encouraged to practice,
build mastery, and get regular feedback regarding their progress before they were
required to demonstrate expertise on a closed-book proctored exam. The averages cited
above illustrate that considerable use was made of the system. However, the standard
deviations indicate that the use varied considerably from one student to another.

Student Evaluation of EDU Usage

Students were given an exit survey to determine how well they enjoyed working
with the EDU system and how beneficial they found it. They responded to statements on
a 5 point scale (Strongly Agree =5, Agree = 4, Neutral = 3, Disagree = 2, and Strongly
Disagree = 1). Astronomy 103 (along with two Geology courses and a Physics course)
participated as part of a NSF Assessment of Student Achievement (ASA) grant at UNL.



The survey was written at UNL by the ASA group. A total of 278 students (97 from
Astronomy 103) responded to the 12 statements below. All of the instructors involved
have been using EDU with their classes for several years. Results from the other classes
are included to serve as a basis for comparison. However, data from the other classes can
only serve as a crude benchmark since all of the classes used EDU in slightly different

ways.
Group|All Students|Geology1|Geology2| Physics1| Astro 103

Number of Respondents 278 109 22 50 97
1. | enjoyed using the EDU system 3.8 3.8 3.7 3.6 4.1
2. | got discouraged by computer problems when using EDU 2.5 2.7 2.1 23 2.3
3. | dislike trying to learn with computers 2.0 2.1 1.8 2.0 2.0
4. | like the subject matter of this course 3.4 3.3 3.6 3.7 3.2
5. The EDU system helped me learn the material 3.9 4.0 4.0 3.5 3.9
6. | would have learned just as much studying on my own 2.5 2.5 2.5 29 2.2
7. EDU helped my grade in the course 3.9 3.8 4.0 3.7 3.9
8. | often collaborated with other students when working on EDU
assignments 2.5 2.6 2.2 2.6 2.3
9. | often took EDU assignments without my textbook or notes to test my
knowledge 2.9 24 2.5 2.6 3.8
10. | didn't take full advantage of EDU 2.6 2.7 2.5 2.6 2.6
11. | would retake assignments until | was happy with my grade. 4.4 4.4 4.3 4.5 4.4
12. | wish more of my classes would use EDU 3.7 3.7 3.4 3.3 4.0

It is interesting to note that Astronomy 103 received such high scores for
Statement #1 and Statement #12. In general, students were very pleased with the usage
of EDU in Astronomy 103 and would like to see similar usage in other classes. This is
very significant since Astronomy 103 scored the lowest on #4. Students felt EDU
worked well even though they weren’t crazy about the subject matter in the course.

However, a more important issue is how beneficial EDU was perceived to be by
students in helping them learn the course material. All courses scored well on statements

#5 and #7 with Astronomy 103 in the middle of the pack. However on statement #6,

Astronomy 103 students disagreed to a greater degree than other students with the idea
that they would have learned as much without using EDU.

The responses to statement #9 are the most interesting — many Astronomy 103

students took advantage of the repeated takes of assignments to prepare for exams
without using the textbook or notes. It is apparent from the survey results that many
students bought in to the idea of building mastery through repeated practice.




Evaluation of Student Achievement

Grade | #Students
A+ 7
The course had 146 students enrolled at the end of the drop
. . . A 13
and add period. A letter grade was ultimately given to 128 A 26
students resulting in a GPA of 2.62. However, the GPA is a
. . . B+ 4
statistic greatly dominated by low grades in the course. There are
g S . B 16
always approximately 25 students who fail, withdrawal, or receive B T
a No Pass. However, the distribution of those 3 grades in that -
group has a substantial impact on GPA which makes comparisons C+ 8
with other terms problematic. C 13
It is more important to note the number of high-achieving C- 3
students — those who really learned the material. Out of the 128 D+ 6
students receiving a letter grade, 46 (35.9%) received some type of D 6
“A”. This is a very high percentage for a 100-level science D- 4
course. In addition, 31 (24.2%) received some type of “B” adding F 11
to 77 (60.1%) for the two grades. p 4
On the other extreme, of the 148 students who began the N 3
course 45 (30.4 %) received grades of D, F, W, or N. The W 11

distribution of grades in Astronomy 103 was quite different several years ago before
EDU became such an important component of the course. The distribution of grades
back then was somewhere in between a bell curve and flat distribution. The asymmetry
seen in the present grades with a large number of high scores has gradually appeared over
the last few years as EDU usage has increased.

One of the arguments commonly used to advocate for web-based assessment is
that its usage will lower the number of withdrawals and failures in a course. No such
decrease has been seen in Astronomy 103 as the importance of EDU in the course has
increased over the last 3 years. I certainly don’t think a decrease in withdrawals should
ever be expected. The present system gives students regular feedback on what material
they understand. Occasionally that feedback tells a student that they understand very
little about the course causing them to withdrawal. However, it is far preferable to
provide that information very early in the course than at the time of the first exam.

Correlations between Student Achievement and EDU Usage

Grade Final Course Average # of Reading | Average # of Homework
Percentage Quiz Tries Assignment Tries
A > 85% 77.6 90.3
B 75% - 85% 73.8 69.1
C 65% - 75% 66.8 70.5
D 50% - 65% 57.4 46.1
F <50% 21.6 12.8

There is a strong correlation between the amount of practicing a student did with
the EDU system and learning the material and obtaining a good grade in this course. A
steady decrease can be seen in the number of reading quizzes and homework assignments



taken as grades decrease. Since reading quizzes and homework are collectively only
worth 25% of the course grade, the effort put forth on them must result in high scores on
the exams which count for 60%.

I think it is clear that students were provided with a system that was a great aide
in learning the material and preparing for exams. They took advantage of that system to
varying degrees. Although EDU has had the very positive effect of increasing the
number of high achieving students, it has also polarized the class. The exam scores of
those who work hard and those who don’t are further separated than would be the case
without EDU. The present implementation is an effective teaching and assessment tool —
it rewards students who work hard.

Survey of Attitudes Toward Astronomy

This pre and post survey was designed by Mike Zeilik at the University of New
Mexico. It is available on many sites including the Field-tested Learning Assessment
Guide ( http://www.flaguide.org ). The items fall into four subscales: affect (attitude),
cognitive competence, value, and difficulty. Affect relates to positive and negative
attitudes about astronomy and science (8 items). Cognitive competence describes
attitudes about the students' intellectual knowledge and skills when applied to astronomy
and science (9 items). Value involves attitudes about the usefulness, relevance, and worth
of astronomy and science in personal and professional life (9 items). Difficulty entails
attitudes about the difficulty of astronomy and science as subjects (8 items). It is hoped
that by understanding the attitudes of the students, better instructional techniques can be
devised. I am unaware of any published statistics of student responses to this survey.

The surveys are shown along with a summary of the responses on the following
page. The pre-test and post-test questions have been combined with the differences due
to tense shown in parenthesis. Statements #10 and #16 (yellow) both identify the extent
to which students like astronomy. Both questions illustrate a difference in the number of
students who came into the course anticipating that they would enjoy it and the number
who really did. This is an extremely common occurrence in introductory astronomy (and
physics and computer science) courses nationally.

Statements #9, #15, and #20 (orange) all address various aspects of student’s
beliefs in their ability to understand astronomy. All three items show a decrease.
Students were more confident of their ability to really understand astronomy concepts
coming into to the course then when they left it.

Both of these results reflect the misconceptions that many students have when
they register for astronomy courses. They anticipate learning the names of the stars and
constellations and the mythology surrounding them. They are very surprised and
threatened by the technical nature of the course and often feel that they are getting a
different course than the one for which they signed up.

It was hoped that the EDU implementation described above would reverse these
trends. By taking advantage of opportunities to practice with the course material,
students would build mastery over astronomy concepts. This mastery would lead to
student confidence in their astronomy knowledge and ultimately a more enjoyable
educational experience. Evidently there is more progress to be made in this area.




Survey of Attitudes Toward Astronomy

The questions below are designed to identify your attitudes about astronomy and
science. The item scale has 5 possible responses; the responses range from 1
(strongly disagree) through 3 (neither agree nor disagree) to 5 (strongly agree).
Please read each question. From the 5-point scale mark the response that most
clearly represents your agreement with the statement. Use the entire 5-point scale.
Try not to think too deeply about each response; there are no correct or incorrect

answers.
‘ Pre-Test | Post-Test
Score Score
|1. Astronomy is a subject learned quickly by most people. |2.71 |2.61
|2. I (will have, had) trouble understanding astronomy because of how I think. |2.4O |2.43
|3. Astronomy concepts (are, were) easy to understand. |3.01 |2.74
|4. Astronomy is irrelevant to my life. |2.49 |2.59
|5. I (will get, got) frustrated going over astronomy tests in class. |2.48 |2.45
|6. I (will be, was) under stress during astronomy class. |2.74 |2.69
|7. I (will, ) understand how to apply analytical reasoning to astronomy. |3.27 |3.21
|8. Learning astronomy (requires, required) a great deal of discipline. |3.20 |3.11
|9. I (will have, had) no idea of what's going on in astronomy. --
10. I (will, ) like astronomy. [3.63 [336
|11. What I learn in astronomy will not be useful in my career. |3.17 |3.43
|12. Most people have to learn a new way of thinking to do astronomy. |2.87 |2.85
|13. Astronomy (is, was) highly technical. |3.23 |3.10
|14. I (will feel, felt) insecure when I have to do astronomy homework. |2.42 |2.55
|15. I (will find, found) it difficult to understand astronomy concepts. --
|16. I (will enjoy, enjoyed) taking this astronomy course. |3.58 |3.27
|17. I (will make, made) a lot of errors applying concepts in astronomy. |2.89 |2.99
|18. Astronomy (involves, involved) memorizing a massive collection of facts. |3.26 |3.35
|19. Astronomy (is, was) a complicated subject. |3.34 |3.35
|20. I can learn astronomy. --
|21. Astronomy is worthless. |1.88 |2.19
22. 1 (am, was) scared of astronomy. [2.24 [2.48
|23. Scientific conclusions are rarely presented in everyday life. |2.29 |2.42
|24. Scientific concepts are easy to understand. |2.84 |2.84
|25. Science is not useful to the typical professional. [2.39 2.59
|26. The thought of taking a science course scares me. |2.42 |2.61
|27. I like science. |3.10 |3.13
|28. I find it difficult to understand scientific concepts. |2.98 |2.99
|29. I can learn science. |3.93 |3.81
|30. Scientific skills will make me more employable. |3.55 |3.22
|31. Science is a complicated subject. |3.63 |3.58
|32. I use science in my everyday life. |3.56 |3.11
|33. Scientific thinking is not applicable to my life outside my job. |2.22 |2.61
|34. Science should be a required part of my professional training. |2.74 |2.82




Astronomy Diagnostic Test (ADT) 2.0

This diagnostic survey for undergraduate, non-science majors taking their first
astronomy course was developed by the multi-institutional Collaboration for Astronomy
Education Research. The assessment is available on many sites including the Field-tested
Learning Assessment Guide ( http://www.flaguide.org ). The first 21 questions are the
astronomy content portion of the test, while the final 12 questions collect demographic
information. The results for the astronomy content are included here.

The ADT was given in class during the first week of the term and again on the
last day of the term. The ADT national sample (~5500 students) yielded an average
value of 32.4% for the pre-course test and 47.3% for the post-course test. Our class
received 30.0% for the pre-course test and 40.2% for the post-course test.

I have struggled with interpreting the low post-course score. Does it reflect a lack of
student understanding of the concepts? Maybe. It is possible that practicing with EDU
eventually leads to familiarity with my (very large) testbank and not a deep conceptual
understanding that can be transferred to other problems? Maybe. Was the post-course test
given under good circumstances where one could place faith in the results? Definitely not!
Students were given the attitude assessment, the EDU assessment, and the ADT during the
same 50 minute class after university class evaluations were completed at the previous class.
Four students simply went straight down one column of their bubble sheet. At least 10
students took less time to complete the ADT then I think it takes to read the questions. I just
plain over-surveyed them and they grew tired of it. Unlike the EDU exit survey and the
attitudes assessment, the ADT requires concerted effort on the part of the students. Certainly
the biggest factor causing the low scores is my inexperience with giving standardized
assessments.
| plan to experiment with including the questions on the final exam in the future
and actually giving them credit for the right answers. At least then | can be
certain that they will try to answer the questions correctly. | will also never ask
students to complete more than one survey per class period.




Projects

Students also completed several projects
throughout the term. Three of these involved kit
building (which will be emphasized here) while
others focused on data graphing and analysis and
working with simulations. The graphics below
show completed and unassembled versions of
celestial sphere kit, telescope, and spectroscope.

The Celestial Sphere project involved
students building the kit, practicing with a list of
exercises, and then performing a graded
demonstration. The Celestial Sphere is extremely
useful for visualizing rotation and the diurnal paths
of stars, paths of the sun across the sky at various times of year, and which stars are
visible and which are not. All of these phenomena vary with latitude and the celestial
sphere can simulate them for any location on the
Earth.

Each student is required to meet with either
myself or one of the undergraduate TAs for a 5 to
10 minute evaluation of their celestial sphere
project. Students are asked to explain several types
of phemonena and to perform a demonstration
illustrating these on the celestial sphere. Students
come in aware of the types of phenomena that they
will be asked to simulate on the sphere, but the
specific question is selected at random by the grader
at the time of the demonstration. Sample student
grading sheets for the celestial sphere project are
shown in Appendix E. Considerable verbal
feedback and instruction occurs at the project grading.

The interactions that [ have had with students during the project gradings show
the same wide spread of quality that is present in other parts of the course. However,
more than half have a very good understanding of
the underlying astronomy concepts and are able to
simulate them on the celestial sphere. Many of
these are advanced concepts such as “simulate the
path of the sun in the sky on the winter solstice
from the equator” and “simulate the circumpolar
stars from the north pole”. I think having students
use modeling tools like the celestial sphere

Students also construct a telescope and a
spectroscope which are the two major instruments
that astronomers use to make observations. They
are required to show these to myself or a TA as
well -- mainly so that we can make sure they are working properly. The telescope is very




similar to Galileo’s first instrument. Students were required to make observations in the
night sky of the moon, visible planets, and some double stars. The spectroscope was
used to look at gas discharge tubes in our astronomy resource room. Students were
required to sketch the spectra and determine which element was responsible. Sample
student grading sheets for the spectroscope project are shown in Appendix F.

These projects represent student-centered learning at its best and in many ways
are my favorite part of the course. However, providing sufficient guidance and
evaluating these projects is problematic with this many students. I had hoped to assign an
even larger number of projects. Hopefully, new support mechanisms can be identified
that will it possible to make projects a larger part of the course in the future.

Plans for the Future

I am scheduled to teach two sections of Astronomy 103 and no other courses for the
Fall 2003 semester. This is the first time in 4 years that I have only had one preparation and
a wonderful opportunity to institute a change of direction for the course. I plan to complete
the transition from an instructor-centered format to a student-centered format. I will be
implementing the following changes:

e All lectures will be redone as powerpoint presentations with embedded narration and
links to animations and other resources that will appear in pop-up windows. These will
be placed on the web and students will be responsible for “watching” them before class.
The “Participatory Notes” presently being used will be adapted to accompany these
lectures. Thus, for each lecture there will be a set of notes available in Microsoft Word
providing a rough framework and students will annotate the notes as they go. At various
spots students will be asked to complete exercises. I will endeavor to make working
through the notes an interactive experience for students.

e Students will be required to complete a reading quiz over the lecture before class.
Reading quizzes have simply been several randomly selected multiple choice questions in
the past. I plan to move to longer more structured reading quizzes that will be a summary
of the reading with “fill-in-the blanks” and questions interspersed. The structure of the
reading quiz will organizationally mimic that of the reading and will reinforce that
structure. Certain elements will still be randomized and students will be able to take the
reading quizzes until they are happy with their score.

e (lass time will predominantly be used for exercises that build upon this foundation and
emphasize really understanding the underlying concepts. A major component of this will
be peer instruction. I am developing computerized databases of questions that can be
projected into the classroom and plan to pursue external funding to fully develop this
concept. In addition, I have about 25 exercises already in the student course pack that
will be done. It will also allow me to give surveys, show more simulations, show sections
of movies, have a guest speaker — all of which I had great trouble squeezing in with the
existing class format.

e All exams will be given in the classroom. I think EDU works wonderfully for reading
quizzes and homework but I think it is rather limited for exams. I would love to include
questions where I ask students to explain a concept with a well-labeled diagram. This



format will also avoid the difficulties that occur with having randomized tests. I would
like to ask all students a core group of questions. This change in format is possible since
I am no longer contractually obligated to use the testing center.

I think these changes will greatly improve the experience that students have in the
classroom. They will become complete participants in the educational experience!
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