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Most ideas about teaching are 
not new, but not everyone 

knows the old ideas 
Euclid 



Another talk about teaching and learning….. 

“I’ve seen it performed many times, but I can’t 
remember ever sleeping through it so peacefully.” 



Just the 
tip of the 
iceberg 



… it feels as though we are living in the time 
of the “gathering storm” in a “nation at risk”. 	


 
. 



Why study or Teach general education Earth 
Astronomy and Space Science (EASS) 101? 
•  500,000 students take this class each year	


•  An astonishing 20% of all college students will take this class at 
sometime in their college career	


•  For many of these students, this will be their last and only exposure to 
science in college	


•  These are mostly non-science majors: our future lawyers, business 
people, journalists, and teachers (as many as 40% of our classes)	


•  Thus, in teaching EASS 101, we are influencing the scientific literacy of 
a large fraction of our future citizenry, and can make significant impact 
on the teaching of science and STEM	




Pedagogical content knowledge (PCK), as described in Examining 
Pedagogical Content Knowledge (Gess-Newsome & Lederman 
1999), consists of five key elements:  

•  “Orientation toward science teaching 

•  Knowledge and beliefs about science curriculum 

•  Knowledge and beliefs about students’ understanding of specific 
science topics 

•  Knowledge and beliefs about assessment in science 

•  Knowledge and beliefs about instructional strategies for teaching 
science” 

-Magnusson, Krajcik, & Borko, 1999, p. 97 

  



PCK 

Understanding of the 
learners, their 
motivations/
expectations, 

attitudes/beliefs, 
knowledge, abilities, 

and learning 
difficulties 

Understanding of the 
complex classroom 

environment: 
resources, limitations, 

implementation 
issues, learning 
outcomes, etc.   

Understanding of 
the science of 
your discipline 

Understanding the 
results from 

cognitive science, 
educational 

psychology, and 
discipline-based 

science education 
research 

Understanding and 
awareness of 

existing pedagogy, 
instructional 
strategies, 

assessment and  
evaluation tools, etc.  



Astronomy Diagnostics Test (ADT) 
If you could see stars during the day, this is what the sky would look like at 
noon on a given day.  The Sun is near the stars of the constellation Gemini.  
Near which constellation would you expect the Sun to be located at sunset? 

 
A)  Leo  C) Gemini   E) Pisces 

B) Cancer  D) Taurus 

South West ⇒ ⇐ East 
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Astronomy Diagnostics Test (ADT) 
If you could see stars during the day, this is what the sky would look like at 
noon on a given day.  The Sun is near the stars of the constellation Gemini.  
Near which constellation would you expect the Sun to be located at sunset? 

 
A)  Leo  C) Gemini   E) Pisces 
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Celestial Motion of Objects  

You observe a star rising directly to the east. When 
this star reaches its highest position above the 
horizon, where will it be? 
a) high in the northern sky 
b) high in the eastern sky 
c) high in the southern sky 
d) high in the western sky 
e) directly overhead 

 

  
 



Celestial Motion of Objects  

•  Before Lecture (N=42):  2% correct 

You observe a star rising directly to the east. When 
this star reaches its highest position above the 
horizon, where will it be? 
a) high in the northern sky 
b) high in the eastern sky 
c) high in the southern sky 
d) high in the western sky 
e) directly overhead 

 

  
 



 The diagram below shows Earth and the Sun as well 
as five different possible positions for the Moon. 
Which position of the Moon best corresponds with 
the phase of the Moon shown in the figure at the 
right? 
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What Causes Moon Phases 



 The diagram below shows Earth and the Sun as well 
as five different possible positions for the Moon. Which 
position of the Moon best corresponds with the phase 
of the Moon shown in the figure at the right? 
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What Causes Moon Phases 

•  Before Lecture (N=42):  5% correct 



The graph below shows the blackbody spectra 
for three different stars.  Which of the stars is at 
the highest temperature? 
a)  Star A  
b)  Star B 
c)  Star C Star C 
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The graph at right shows the blackbody spectra 
for three different stars.  Which of the stars is at 
the highest temperature? 
a)  Star A  
b)  Star B 
c)  Star C Star C 
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•  Before Lecture (N=42):  12% correct 



Celestial Motion of Objects  

•  Before Lecture (N=42):  2% correct 
•  After Lecture (N = 135):  19% correct 

You observe a star rising directly to the east. When 
this star reaches its highest position above the 
horizon, where will it be? 
a) high in the northern sky 
b) high in the eastern sky 
c) high in the southern sky 
d) high in the western sky 
e) directly overhead 

 

  
 
 



 The diagram below shows Earth and the Sun as well as five 
different possible positions for the Moon. Which position of 
the Moon best corresponds with the phase of the Moon 
shown in the figure at the right? 
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•  Before Lecture (N=42):  5% correct 
•  After Lecture (N=127):  53% correct 



The graph at right shows the blackbody spectra for three 
different stars.  Which of the stars is at the highest 
temperature? 
a)  Star A  
b)  Star B 
c)  Star C Star C 
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•  Before Lecture (N=42):  12% correct 
•  After Lecture (N=120):  16% correct 



from How People Learn 
“Students enter your lecture hall with 
preconceptions about how the world works.  
If their initial understanding is not engaged, 
they may fail to grasp the new concepts and 
information that are taught, or they may 
learn them for the purposes of a test but 
revert to their preconceptions outside the 
classroom” 

HOW PEOPLE LEARN, National Research Council,  
National Academy Press, 2000. 



A Commonly Held Inaccurate Model of a 
Student’s Conceptual Framework 

Bill Watterson,  
Calvin and Hobbs 



  
1.  Seasons depend on the distance between the 

Earth & Sun  
2.  There are 12 zodiac constellations  
3.  The constellations are only the stars making the 

patterns  
4.  The North Star is the brightest star in the night sky  
5.  Stars last forever  
6.  All stars are same color  
7.  Stars really twinkle  
8.  All stars are isolated  
9.  Pulsars are pulsating stars  
10.  Asteroid belt is densely packed, as in “Star Wars” 
11.  Meteors, Meteorites, Meteoroids, Asteroids, and 

Comets are the same things  
12.  A shooting star is actually a star falling through 

the sky  
13.  Comet tails are always behind the comet  
14.  Comets are burning and giving off gas as their 

tails  
15.  All planetary orbits are circular  

16.  All planets have prograde rotation  
17.  All moons are spherical  
18.   We see all sides of the Moon  
19.  Ours is the only moon  
20.  Spring tide only occurs in the Spring  
21.  Only the Moon causes tides/the Moon has no 

effect on tides  
22.  High tide is only between the Earth and Moon  
23.  Once the ozone is gone, its gone forever  
24.  Mercury is hot everywhere on its surface  
25.  Giant planets have solid surfaces  
26.  Saturn is the only planet with rings  
27.  Saturn’s rings are solid  
28.  Pluto is always the farthest planet from the Sun  
29.  The Sun primarily emits yellow light  
30.  The Sun is solid & shines by burning gas or from 

molten lava  
31.  The Sun always rises directly in the East  
32.  Black holes are empty space  
33.  Black holes are huge vacuum cleaners in space, 

sucking everything in.  

Taken from – Heavenly Errors, Comins N. ,  2001 
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Student (mis)-Understandings 
the beliefs and reasoning difficulties students bring to the 

classroom 
•  Alternative Conceptions 

– Robust, locally consistent, naturally acquired, 
historically rooted, common default position 

•  Reasoning Difficulties 
– Misapplied details of underdeveloped conceptual 

models; confusion between model results and the 
model itself 

•  Stuff they can’t name (or simply name incorrectly) 



Two Models Of Students’ Understanding 

Misconception Model  Primitives Model 



• When children touch something on the 
stove, they learn that temperature 
increases with decreasing distance 

• When children hear a car’s horn, they 
learn that sound intensity increases with 
decreasing distance 

• When children see a bright flashlight, 
they learn that brightness increases with 
decreasing distance 

    a CLOSE MEANS MORE 

FACETS 
Of 

Knowledge 
(similar to Minstrell, 1989) 

Phenomenological 
Primitives or p-prims     

(similar to di Sessa, 1993) 

Fundamental reasoning elements 



How Do “p-prims” Influence the   
Teaching and Learning of Astronomy? 

CLOSE MEANS MORE It’s hotter in the summer 
because we are closer to the Sun 

INTERFERENCE I can’t see all of the Moon 
because the Earth is in the way 

OHM’S P-PRIM All bright stars must be very hot 



A Commonly Held Inaccurate Model of 
Teaching and Learning 

Bill Watterson,  
Calvin and Hobbs 



“Lecture has often been described 
as the process of taking the 
information contained in the teachers 
notes and transferring them into the 
students notes without the 
information passing through the 
brains of either” 



•  Students enter the classroom with preconceptions about how the 
world works.  If their initial understanding is not fully engaged, they 
may fail to grasp new concepts in meaningful ways that last 
beyond the purposes of an exam. 

•  To fully develop competence, students must:  
(1) have a deep foundation of factual knowledge, (2)  understand 
interrelationships among facts and concepts and (3) organize 
knowledge in ways that facilitate retrieval and application 

•  A “metacognitive” approach to instruction can help students learn 
to take control of their own learning and monitor progress. 

 How People Learn:  Brain, Mind, Experience, and School (Expanded Edition), 
National Research Council, National Academy Press, 2000. 

How People Learn 



From  How People Learn 

“Humans are viewed as goal-directed agents who actively 
seek information. They come to formal education with a 
range of prior knowledge, skills, beliefs, and concepts that 
significantly influence what they notice about the 
environment and how they organize and interpret it. This, in 
turn, affects their abilities to remember, reason, solve 
problems, and acquire new knowledge. … If students’ initial 
ideas and beliefs are ignored, the understandings that they 
develop can be very different from what the teacher intends.” 

HOW PEOPLE LEARN, National Research Council,  
National Academy Press, 2000. 



•  Learning is productive / constructive - learning requires 
mental effort. 

•  Knowledge is associative / linked to prior mental models 
and cognitive structures. 

•  The cognitive response is context dependent – what and 
how you learn depends on the educational setting. 

•  Most people require some social interactions in order to 
learn deeply and effectively. 

Key results from research into 
cognition and instruction 

Joe Reddish, 2001. AAPT, San Diego 



What Can I do Besides Lecture to Engage 
Students in their Learning? 

•  Ask students questions (not all questions are equal). Use demonstrations 
(interactive lecture demos) 

•  In-class writing (with/without discussion) 
- muddiest point 
- summary of today's main points 
- 5-minute free writing 

•  Think-Pair-Share (Peer Instruction-ConcepTests) 
•  Small Group Interactions  
•  Student Debates (individual/group) 
•  Whole Class Discussions 



Two Examples of Research-Validated 
Curriculum Based on Learners Naïve 

Ideas and Reasoning Difficulties 
  

Lecture-Tutorials for Introductory Astronomy 
& 

Ranking Tasks for Introductory Astronomy 



Lecture-Tutorial:  Post-
lecture, pencil and paper 
activities, that use a 
Socratic-dialogue driven, 
highly-structured 
collaborative learning 
methodology to help 
students elicit, confront 
and resolve their naïve 
beliefs and reasoning 
difficulties, and develop 
scientifically robust 
conceptual models. 



 Post-lecture, pencil and paper activities, that again 
make use of a highly-structured collaborative learning 
methodology which presents learners with a series of 
pictures or diagrams that describe slightly different 
variations of a basic physical situation. The student is 
asked to make a comparative judgment of each 
situation and identify the order or ranking of the 
various situations based on some physical outcome or 
result.  

 

 Ranking Tasks 

Effectiveness of Collaborative Ranking Tasks on Student Understanding of Key Astronomy Concepts, 
Hudgins, D. W., Prather. E. E., Grayson, D.J. and Smits, D. P. Astronomy Education Review, 5(1), 2006 



D 

E 

Which of the following is the best 
ranking for the amount of time, from 

least to greatest, that each of the 
stars shown below  (A - E), will be 
above the horizon during a 24 hour 

period 

A.  C < A < B < D < E 
B.  E < D < B < A < C 
C.  B = D < A < C = E 
D.  A < B = C < D < E 
E.  A = E < C = B = D 



Topics •  Position 
•  Motion 
•  Seasonal Stars 
•  Solar vs. Sidereal Day 
•  Ecliptic 
•  Kepler’s 2nd Law 
•  Kepler’s 3rd Law 
•  Newton’s Laws and Gravity 
•  Apparent and Absolute 

Magnitudes of Stars 
•  The Parsec 
•  Parallax and Distance 
•  Spectroscopic Parallax  
•  The Electromagnetic (EM) 

Spectrum of Light 
•  Telescopes and Earth’s 

Atmosphere 
•  Luminosity, Temperature and 

Size 
•  Blackbody Radiation 
•  Types of Spectra 

•  Light and Atoms 
•  Analyzing Spectra 
•  Doppler Shift  
•  The Cause of Moon Phases 
•  Predicting Moon Phases 
•  Path of Sun 
•  Seasons 
•  Observing Retrograde Motion 
•  Earth’s Changing Surface 
•  Temperature and Formation of 

Our Solar System  
•  H-R Diagram 
•  Star Formation and Lifetimes 
•  Binary Stars 
•  The Motion of Extrasolar Planets 
•  Stellar Evolution  
•  Milky Way Scales 
•  Galaxy Classification 
•  Looking at Distant Objects 
•  Expansion of the Universe  



Does your class intellectually engage your students and deepen their 
conceptual understanding and critical thinking ability or does it re-

enforce the memorization of facts and declarative knowledge? 

declarative knowledge 

comprehension 

application 

analysis 

synthesis 

evaluation 

The Role of Assessment in the Development of the College Introductory Astronomy Course A "How-to" Guide 
for Instructors. Astronomy Education Review, 1(1), 1-24, 2002. G. Brissenden, T.F. Slater, and R. Mathieu.   

Bloom’s 
Taxonomy of 
Educational 
Objectives 



Research on a Lecture-Tutorial 
Approach to Teaching Introductory 
Astronomy for Non–Science Majors 

ü Pre-Course : 30% (nA=39,nB=42) 
ü Post-Lecture : 52%  (n ~ 100) 
ü Post-Lecture Tutorial: 72%  (n ~ 100) 

Research on a Lecture-Tutorial Approach to Teaching Introductory Astronomy for Non–
Science Majors, Prather, E. E.; Slater, T. F.; Adams, J. P.; Bailey, J. M.; Jones, L. V.; Dostal, 
J. A., Astronomy Education Review, 3(2) 2005  
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72% 

( N ~ 100 ) 

The Results from our Research to Validate the 
Effectiveness of Lecture-Tutorials. 

Research on a Lecture-Tutorial Approach to Teaching Introductory Astronomy for Non–
Science Majors, Prather, E. E.; Slater, T. F.; Adams, J. P.; Bailey, J. M.; Jones, L. V.; Dostal, 
J. A., Astronomy Education Review, 3(2) 2005  
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25% 

62% 

80% 

(pre: nA=132,nB=49) 
(post: n=177) 

The Results from our Research to Validate the 
Effectiveness of Lecture-Tutorials: Using Clickers. 

Clickers as Data Gathering Tools and Students’ Attitudes, Motivations, and Beliefs on Their Use in 
this Application, Prather, E. E., and Brissenden, G., Astronomy Education Review, 8(1), 2009. 
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32% 

61% 

77% 

( N ~ 100 ) 

 
Hake’s Normalized Gain = 0.41     
(“moderately large effect”) 
Cohen’s d = 0.62 (“Large effect”) 
 

Effectiveness of Collaborative Ranking Tasks on Student Understanding of Key Astronomy 
Concepts, Hudgins, D. W., Prather. E. E., Grayson, D.J. and Smits, D. P. Astronomy Education 
Review, 5(1), 2006 

The Results from our Research to Validate the 
Effectiveness of Ranking Tasks 



Ranking Tasks: Gender Effect? 
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Ranking Tasks 
benefited both groups 
equally. 



Ranking Tasks: High vs. Low Pretests Groups? 
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Ranking Tasks 
benefited both 
groups equally. 



Help People. 

If you can’t help them, 
at least try not to hurt them. 

 
The Dalai Lama 



You look to the west at 10am and see the moon 
on the horizon.  What is the phase of the moon 
that will be high in the sky in three weeks? 

A.  Waning Gibbous 

B.  Waxing crescent 

C.  New 

D. Waxing Gibbous 

E.  Waning Crescent 



If the moon is in the waxing gibbous phase today, how many 
of the moon phases shown above (A-E) would the moon go 
through during the next 10 days.  
 
A. only one 
B. Two 
C. Three 
D. more than three 
E.  none 



Which of the following groups of moon phases 
can be above the horizon at 4pm? 

A.  Full, Waning Crescent, and Waxing Gibbous 

B. New Moon, First Quarter, and Waxing Gibbous 

C. Waxing Gibbous, Full Moon, Waning Gibbous 

D. Waxing Crescent, Third Quarter, Waxing 
Gibbous 

E. None. The moon is only visible above the 
horizon during the night time. 



Rank each Moon Phase (A-C) shown above, 
based on when they would appear in the position 
shown, starting with the one first to appear after 
sunrise (6am).  



In what direction would the net (total) force on the spacecraft point if 
it were coasting very quickly toward the Moon when at position “B”? 	


A.  toward the Moon 

B.  toward Earth 

C.  Since the force on the spacecraft by Earth is equal to the force 
on the spacecraft by the Moon the net (total) force would be 
zero and not point in either direction. 

Use the picture below to answer the next three questions.  In this picture the Earth-
Moon system is shown (not to scale) along with three possible positions (A-C) for a 
spacecraft traveling from Earth to the Moon.  Note that position B is exactly halfway 
between Earth and the Moon.  

Earth 
C	  æ B	  æ 

	  Moon 
Aæ 



d = 1 

d = 1 

d = 1 

m = 5 
m = 3 

m = 5 m = 5 

B 

C 

A 

m = 3 m = 5 

A. The force exerted by A on its partner asteroid is greater. 

B. The force exerted by B on its partner asteroid is greater. 

C. The same force is exerted by asteroid “A” and asteroid “B”. 

 

Which is greater, the gravitational force exerted by 
asteroid “A” on its “partner” asteroid or the gravitational 
force exerted by asteroid “B” on its “partner” asteroid. 



d = 1 

d = 1 

m = 5 
m = 3 

A 

B

m = 3 m = 5 

A. The force exerted on asteroid A is greater. 

B. The force exerted on asteroid B is greater. 

C. The same force is exerted on asteroid “A” and on asteroid “B”. 

 

Which is greater, the gravitational force exerted on asteroid 
“A” or the gravitational force exerted on asteroid “B”. 
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Which of the following is the correct ranking for the 
size of the objects A-E, from largest to smallest. 
A)   E=A>C=B>D 

B)   D=B>C>A=E 

C)   D>B=C>A>E 

D)   E>A>C=B>D 

E)   None of the above  
 



Given the location marked on the star's radial 
velocity curve, at what location in the planet's 
orbit would you expect the planet to be? 
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Think-Pair-Share?  
    -  Star A will be a main sequence star for 4.5 billion years. 
    - Star B has the same luminosity as the Sun. 
    - Star C has a spectral type of M5. 
 
Which of the following is a true statement about these three 
main sequence stars? 
 
A)  Star A has the greatest mass. 
B)  Star B has the greatest mass. 
C)  Star C has the greatest mass. 
D)  Stars A, B and C all have approximately the same mass. 
E)  There is insufficient information to determine this.  



Think-Pair-Share?  
 Which of the following is true of a binary star system 
consisting of a Red Giant and a White Dwarf? 
 

A)  You will receive more energy when the dwarf is behind the giant than 
when the giant is behind the dwarf. 

B)  The time it takes for the dwarf to pass behind the giant is shorter than 
the time for the giant to pass behind the dwarf. 

C)  The force of gravity exerted on the dwarf by giant is stronger than the 
force of gravity exerted of the giant on the dwarf. 

D)  More than one of the above is correct. 
E)  None of the above. 



Given that a seed grows into a 
massive tree, where does most of 
the mass of the tree come from? 

1. From water 
2. From dirt and soil 
3. From the air 
4. Its already in the seed. 





A.  Pisces 

B.  Taurus 

C.  Aries 

D.  Cancer 

E.  Gemini 

 
 
If you could see stars during the day, the drawing below 
shows what the sky would look like at noon on a given 
day. The Sun is near the stars of the constellation 
Taurus. Near which constellation would you expect the 
Sun to be located at 6am on this day? 



D 

E 

Which of the following is the best 
ranking for the amount of time, from 

least to greatest, that each of the 
stars shown below  (A - E), will be 
above the horizon during a 24 hour 

period 

A.  C < A < B < D < E 
B.  E < D < B < A < C 
C.  B = D < A < C = E 
D.  A < B = C < D < E 
E.  A = E < C = B = D 



Come mothers and fathers 
Throughout the land 

And don't criticize 
What you can't understand 

Your sons and your daughters 
Are beyond your command 

Your old road is 
Rapidly agin' 

Please get out of the new one 
If you can't lend your hand 

For the times they are a-changin'. 
 

Bob Dylan 


