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i : / Designing with Explicit Goals: \
Learner-centered, interactive instruction has a proven track Example Think-Pair-Share questions for the majors curriculum An Example
o o o n " o . . .
record in improving "Astro 101" courses for non-majors, but e o e ivimioeloinles (dolagii s Before the term began we developed a st of 72
has rarely been applied to higher-level astronomy courses, such S  T-G000K  R-1Rg D =0.1m, focallength 0.3 m Mars rotates and orbits both counterclockwise. specific goals for students (3-4 per class period).
f . I 111 I I 1 How does star A’s B-V color compare to that of Star B? - 0:3m Jocallength 0.9m Roughly how long is Mars” sidereal day? We ConStantly referred to these goals to gUide
as Or ma’lors’ Yet the baSIC Cognltlve PrInCIPIeS Supportlng If you look at the surface of the Moon through each of . 24 h31m our instructional design, ensuring that each goal
. . B,—V, > Bg—Vg ese telescopes, in which does it look brighter? . .
active learning should hold true for students at all levels - so __ prese tescopes, mwhich doss ook brent was addressed in turn at every stage of activity.
, o ) ) ) ) B,—V, = By—V, 8 24h35m We show here one such thread through the course.
shouldn’t we hope for similar gains in classes aimed at majors!? ; B e 0.1 m telescope m
B,—V, < By—V, 24h37m .
. GOAL: After this class, students should be able to
VWVe present here an initial report on an updated calculus-based g e moreormtion o decie 2] The 0.3 mtelescope B sansim * Apply Kepler's rd Law o calculte the period or
IntrOdUCtion to AStrOPhySiCS Cla‘ss’ taught at UCLA this SPring USing . The brightness looks the same in both Note: It is possible to answer this without using a calculator if you think carefully! graVitating bOdy

techniques such as Think-Pair-Share and Just-in-time teaching,

We developed a set of ~60 new Think-Pair-Share questions based on our content and skill goals, and used these in every class. Our aim was for | - - - ____________.

that suggests such active-learning techniques can indeed these questions to be answerable in just a minute or two using basic reasoning and simple mathematics (e.g. ratios or scalings, rather than Before Class Reading Handout
. . . . detailed calculations, which were left for problem sets). Writing good questions proved one of the hardest and most time consuming aspects of
enhance the |eamlng experience for astrophy5|cs majors, too. this whole process, and not every question worked out the way we'd hoped! Yet the surprises were often valuable lessons for us, when some Reading Assignment #11
5 o0 o . . hi di bital ' “Celestial hanics”) as d ibed b
questions we'd expected to be easy proved surprisingly challenging for students, thus showing us areas to cover more carefully. Eeﬁﬁfﬁia‘ﬁiﬁgﬁﬁ52u‘ff‘avf%?Sf,’jtflfiefrf‘;jﬂﬁcofii‘;ﬁ;iﬁif‘;,rr‘efiouzly "
N y Our library of questions (and our notes on how well each of them worked) are available for any interested instructors - just ask! yourphysics classes
Read Karttunen sections 6.1 to 6.5 (7 pages total)
4 N Consider this data for an P A APV S A If the pressure at the center of the Sun is P, then A nonrelativistic degenerate gas is compressed from The first part of this chapter (up to 6.5) is a derivation of Kepler’s Laws starting
The ClaSS eclipsing binary. At the ¥ ~ what is the pressure at the center of an 0.5 M, star? an initial density p; to a final density p;. Jgom gewggon%;at\;:& Se;tiz{v 6t-2 intparticula;;;fairb/;z]favyt;lna;hematt{calb/-
. osh it ou snould rea roug IS o get a general jiavor o] now tne derivation goes,
i i i ' ' i . _ b ' ' d ber all the details. We'll h
:?:Irg:;jrigf:f' which star L I (Assume this star is on the main sequence) The average momentum of each particle in this gas will ,;’,’Z,ﬁ‘ii‘ﬁ’;‘;;ff{:%ﬁ;e ro remember afithe detaits: e go over e
* Introduction to Astrophysics |I: Light, Stars, and Nebulae. “ N\ increase by a factor
i
. The more massive star.

Online Question

The first course in the UCLA astrophysics major. R B ooxse W ¢ 3 ;

* | quarter (10 weeks) long, followed by another quarter on galaxies & cosmology. o | The less massive star, 5 0.5p s (0./0)1/3
g O C f |
e Two 75-minute lectures each week, plus one 50 minute discussion section o e cant tell without 3 Ty - WO p— \
' e \_/ N\ CCLE » 09W-ASTR81-1 > Quizzes P Reading Questions 11 » Attempt 1 Update this Qi
e ~ 20 students, mostly sophomores intending to major in physics or astronomy. e e M . P, o (;/p,)%"3 Reading Questions 11
* Prerequisites include calculus, mechanics, and E&M, but students vary widely 2 un, whatwoult 1s orialperiod 567 G your answer myears,
. ° ° ° ° ° /3
in previous exposure to more advanced physics, particularly including astronomy. " A Ansiwer:
Students’ opinions on these methods were very positive
What We Did Differently ) | | Opinions about Online Reading Questions: ‘
| found doing the reading before class helped me understand “ . . e . Lo
, s The online questions were good indications of important points in 0ttt
* Pre-class online reading questions, to motivate students to actually do the reading on the material better. - ,  During Class Lecture!
g4 ’ )4 8 the book, and they helped me to focus on the important concepts. ' €C lll’.

e
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time before class. Typically we asked 3-4 questions (multiple choice, matching, or | .
: : : “Reading before the lecture creates a background of what is going
free response) per 5-10 page reading assignhment, designed to take no more than , P o b
about 5 minutes after the reading was done. These were due by midnight the night ST AT ST Neutral  Disagree 0 e laUght in the mnind, which acts as an excellent base for
. 8 y )4 8 8 learning... The online questions forced me to understand stuff
before each class perlod, and counted for 5% of the grade. rather than just using equations - which is my real goal!"

35% J

 Students were also asked to submit online their own questions for clarifications of ThinksFair=share questionsihelp me understand theimaterial better.

the readings, so that lectures could be tailored to focus on the topics students
found most difficult. (“Just-in-time Teaching™)

And about Think-Pair-Share Questions:

"The questions definitely gave me a more immediate working
knowledge of the material, because I didn't have to wait to the

Strongly Agree Agree Disagree , ) Concept Question
* During class, Think-Pair-Share questions were used extensively to engage students homework before seeing problems. 5y watching the Alohs Centour syter for decades, we discover
and get them actively thinking about the material and working with their peers. For "I really liked the questions because they broke up the topics. If it o compite. AlsoL Tt has paralla o 1 g o1 (e orbit takes 80years
such a small Class’ rather than using electronic Clickers’ students just held up “l prefer more ‘traditional’ Ph)’SiCS classes, with jUSt regular lectures’ was just lecture things usually start running together for me... What is the total mass of the 2 stars?
colored 3x5 cards to indicate their answers I would definitely like to see more classes use this technique.”
e A kly “orobl : Y d stud h d d “Their difficulty was just right: some of them were hard, but then e
n weekly probiem so vm.g session epcourage Sl e.nts ) er.an ISCUSS Agree Neutral Disagree Strongly Disagree that's how one learns. Concept questions are great as they m 2 M
- - - 4 Mg
What We Left the Same g . h M v
Conclusions | ———
* The content: Coordinates and sky motions, telescopes, the interaction of light and 4
matter, atomic structure and spectral line formation, spectral types, the H-R Our informal observations after one term with this approach are that students are more engaged and alert,
. . . . S 5 After Cl |
diagram, orbital motions, binary stars, stellar structure, stellar evolution. and score higher on exams than typical in previous years. This is anecdotal evidence, not hard data yet, and After Class i omework Problem :

there is clearly a vast amount of work to be done in this area. But our first impressions strongly encourage us
that interactive instruction is superior to traditional lectures for this level of class, too. Interactive instruction
does require more preparation than pure lectures, but we also found it to be more rewarding and enjoyable,
* Biweekly lectures at a blackboard with derivations of equations, explanations, etc. since there is so much more immediate feedback on how well students are learning. Ve strongly encourage
others to adopt this approach, and look forward to many classes ahead. 3

5. The velocity curves of a double-line spectroscopic binary are observed to be sinusoidal,
with amplitudes 20 and 60 km/sec and a period of 1.5 years.

(a) What is the orbital eccentricity?

* The text: Fundamental Astronomy by Kartunnen et al.
(Comparable in level to Carrol & Ostlie’s book, or Kutner’s book, etc.)

(b) Which star is the more massive and what is the ratio of stellar masses?

(c) If the orbital inclination is 90°, find the relative semi-major axis (in astronomical
units) and the individual stellar masses (in solar masses).

* Challenging weekly problem sets, counting for 20% of the course grade The

majority of problems were re-used from previous years, though some new ones This work was supported by the National Science Foundation’s Astronomy & Astrophysics Postdoctoral Fellowship
were developed too. Students were encouraged to work in small groups, but write program under grant AST-0849 137 to M. Perrin.

up solutions individually.

Exam Problem

Question 2

The dwarf planet, Pluto, and its moon, Charon, eclipse each other and re-
volve in circular orbits around the common center of mass. Doppler shift
measurements reveal maximum velocities of v, and v, for Pluto and its moon,
respectively. The orbital period is Ppt. Derive expressions for the mass of
Pluto, M,, and for the mass of Charon, M., in terms of given quantities.

References: VWeimer, Learner-Centered Teaching, 2002, Slater & Adams, Learner-Centered Astronomy Teaching, 2002

* 2 midterms, | final exam. These were given in class, no calculators allowed, and in
Klionsky, (2002) in “Innovative Techniques for Large Group Instuction”, NSTA Press. McCrady & Rice (2007), AER 7:13

total counted for 75% of the course grade.
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