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Take Home Messages 
•  Research-validated interactive learning 

strategies can benefit ALL students in ALL 
classroom environment - BUT 

•  The quality of our implementation is likely 
the most deterministic factor toward 
student achievement 







“Eventually, Billy came to dread his father’s 
lectures over all other forms of punishment” 

If a Picture is worth a 
thousand words, then 
what is a real-world, 

first-hand, experience 
worth? 

•  Audience 
participation is 
strongly  
encouraged!!!!!! 



Interactive Lecturing:  Non-Stop Metacognition, 
Discourse and Feedback/Assessment 





Techniques for all size classes 



Techniques for all size classes 



Peer Teaching Assistance – Ambassadors of 
science in my class and in our society.   



Class Response System—Medium Tech  









The best learners … often make the 
worst teachers.  They are, in a very real 
sense, perceptually challenged.  They 
cannot imagine what it must be like to 

struggle to learn something that comes 
so naturally to them. 

Stephen Brookfield (2006), The Skillful Teacher, Jossey-Bass Publishers 





Are you really teaching if no 
one is learning? 

And How would you know 
anyway? 



What are each 
of these?   



Which of these is an image of our 
Milky Way Galaxy 

Image 1. Image 2. 

A.   Only Image 1. 
B.   Only Image 2. 
C.   Both could be 
D.   Neither could be 



Our view of the Milky Way Galaxy 



Our Multi-Wavelength View of the MWG 



Are there a lot 
of these….. ?  

In these?   



G. Marcy and P. Butler 

These Extrasolar 
Planets were all 
found by 
analyzing the 
Doppler shift in 
the stars light.    
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In general, how does the direction the extrasolar 
planet is moving compare with the direction the star 
is moving? 

A.  Same Direction 
B.  Opposite Direction 
C.  Cannot be determined 



Which object takes a greater amount of time to 
complete one orbit? 

A.  the extrasolar planet   
B.  the star 
C.  they both take the same amount of time 
D.  can’t be determine 



Shown below are the radial velocity vs time graphs for four 
stars in different extrasolar planet systems (A-D).  
In which system would we detect the greatest amount of 
Doppler Shift in the Star’s light? 

A B 

C D 



It is hardest to detect a planet in an extrasolar 
planet system when 

A.  a low mass planet is far from a low mass star. 
B.  a high mass planet is close to a high mass star. 
C.  a low mass planet is far from a high mass star. 
D.  a high mass planet is far from a low mass star. 
E.  a low mass planet is close to a high mass star. 
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Part II: Evaluating Extrasolar Planet Systems

The amount that the light from a star in an extrasolar planet system will be Doppler shifted 
depends on the mass of the star Mstar, the mass of the planet mplanet, and the distance d 
between the star and the planet. This relationship can be written as:

Amount of Doppler shift in stars’s light 
m
M   d

!
planet

star

Figure 3 below shows four different extrasolar planet systems (A–D). Use this figure to 
answer Questions 11–16.

A

C

D

B

Earth

1mplanet 2mplanet

2mplanet 1mplanet

2 Mstar
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1 Mstar 1 Mstar

1 Mstar

2d 2d

1d

Figure 3
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In which of the extrasolar planet systems (A-D) below would it be easiest 
to detect the planet? 
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Figure 4 below shows the graph of four radial velocity curves (E–H) for the four stars in 
Figure 3. Use these graphs to answer Questions 17 and 18.

17) Match each graph (E–H) with the extrasolar planet systems (A–D) from Figure 3. Explain 
your reasoning.

Extrasolar Planet System A:

Extrasolar Planet System B:

Extrasolar Planet System C:

Extrasolar Planet System D:

PRAT0464_03_C05_pp117-168.indd   130 7/11/12   11:22 AM
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Given the location marked on the star's radial 
velocity curve, at which location in the planet's 
orbit would you expect the planet to be? 

B 

A 
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D 

+20 

-20 

Earth 
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Time 

Orbit of planet 

Orbit of star 



G. Marcy and P. Butler 

These Extrasolar 
Planets were all 
found by analyzing 
the Doppler shift in 
the stars light.    



Rank the different 
methods for finding 
extrasolar planets 
from most 
successful to least.    



The Kepler Mission  

http://en.wikipedia.org/wiki/Kepler_Mission 

The Kepler Mission uses a telescope in 
space, which detects extrasolar planets by 
measuring the slight decrease in the 
brightness of a star caused when the 
extrasolar planet passes in from of the star.  
This is commonly referred to as the 
“Transit Method” 

On December 20, 2011, the Kepler team announced the discovery of the first 
Earth-size exoplanets, Kepler-20e and Kepler-20f, orbiting a Sun-like star, 
Kepler-20. 



The Kepler Mission  

http://en.wikipedia.org/wiki/Kepler_Mission 

As of July 2013, Kepler had found 134 
confirmed exoplanets in 76 stellar systems, 
along with a further 3,277 unconfirmed 
planet candidates. In November 2013, 
astronomers reported, based on Kepler 
space mission data, that there could be as 
many as 40 billion Earth-sized planets 
orbiting in the habitable zones of sun-like 
stars and red dwarf stars within the Milky 
Way Galaxy…. 



http://www.youtube.com/watch?v=wj2vv6nVlM0 



  
g =

post% − pre%
100% − pre%

R. Hake, “…A six-thousand-student survey…” AJP 66, 64-74 (1998). 

Results from a 6000 student study of Physics Students – Hake AJP 
1998 



•  Almost 4000 students  
•  31 institutions 
•  36 instructors 
•  69 different sections 

–  Section sizes vary from <10 to 180 
(now with sections >750!) 

Our Recent National Study 



This was a truly national study 



Our Premise: Implementation is the critical variable 



  
< g >=

< post%>− < pre%>
100%− < pre% >

A National Study Assessing the Teaching and Learning of Introductory Astronomy Part I:  The Effect of Interactive 
Instruction, Prather, E. E., Rudolph, A., Brissenden, G and Schlingman, W., American Journal of Physics, 77(4), 2009.  
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A National Study Assessing the Teaching and Learning of Introductory Astronomy Part I:  The Effect of Interactive 
Instruction, Prather, E. E., Rudolph, A., Brissenden, G and Schlingman, W., American Journal of Physics, 77(4), 2009.  



Instructor Surveys 
•  To assess the level of interactivity in each 

classroom, we asked each instructor to fill 
out a survey detailing how they spent their 
class time 

•  This survey was used to construct an 
“Interactivity Assessment Score” (IAS) 
based on what percentage of total class 
time is used for interactive activities 





Lower IAS (<25%)  
<g>avg = 0.13 

Higher IAS (>25%)  
<g>avg = 0.29 



Medium level <g> > 0.30 



Demographic Survey 
•  We also asked 15 demographic questions to 

allow us to determine how such factors as 
–  Gender 
–  Ethnicity 
–  English as a native language 
–  Parental education 
–  Overall GPA 
–  Major 
–  Number of prior science courses 
–  Level of mathematical preparation 

 interact with instructional context to influence 
student conceptual learning 

•  This survey also gives us a snapshot of who is 
taking Astro 101 in the US 



•  We conducted a full multivariate 
modeling analysis of our data 

•  We confirm that level of interactivity 
is the single most important variable 
in explaining the variation in gain, 
even after controlling for all other 
variables 
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The results of our investigation reveal that the positive 
effects of interactive learning strategies apply equally to 
men and women, across ethnicities, for students with all 
levels of prior mathematical preparation and physical 
science course experience, independent of GPA, and 
regardless of primary language. These results powerfully 
illustrate that all categories of students can benefit from the 
effective implementation of interactive learning strategies.  

The take home message Part I: 



 Implementation is the most important factor to success 
in student learning.   

More work on professional development of faculty is 
needed if we are to side wide spread adoption and 
proper implementation of research-validated instructional 
strategies. 

The take home message Part II 



•  Time, time, time! 

•  Department support….. 

•  Teaching resources ….. 

•  Reward structures … etc…… 

The REAL challenge is ADAPTION and  
IMPLEMENTATION!!!! 

Getting Our “challenges” on the Table 



Just the tip 
of the 

iceberg of 
what it takes 
to create a 

highly 
functioning 
interactive 

engagement 
classroom  



Most ideas about teaching 
are not new, but not 

everyone knows the old 
ideas. 

Euclid (300 B.C.) 



“Eventually, Billy came to dread his father’s 
lectures over all other forms of punishment” 

If a Picture is worth a 
thousand words, then 
what is a real-world, 

first-hand, experience 
worth? 

•  Audience participation is 
strongly  
encouraged 

•  Demos are sometimes  
life-threatening 



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

•  Ask students questions (not all questions are equal)  
•  Use interactive videos, demonstrations, animations, and simulations 
•  In-class writing (with or without discussion) 

–  Muddiest Point 
–  Summary of Today's Main Points 
–  Writing Reflections 

•  Think-Pair-Share or PeerInstruction 
•  Small Group Interactions 

–  Concept Maps 
–  Case Studies 
–  Sorting Tasks 
–  Ranking Tasks 
–  Lecture-Tutorials 

•  Student Debates (individual/group) 
•  Whole Class Discussions 



Lower IAS (<25%)  
<g>avg = 0.13 

Higher IAS (>25%)  
<g>avg = 0.29 



Item Response Theory (IRT) 

P(Xpi =1|θ p,bi ) =
exp[θ p − bi ]
1+ exp[θ p − bi ]



Class #1 – Student Pre and Post Ability Histogram 



Class #2 – Student Pre and Post Ability Histogram 



Class #3 – Student Pre and Post Ability Histogram 



Techniques for all size classes 



Ambassadors – of science in my class 
and in our society.   



MEGA course Student Pre and Post Ability Histogram 



 “If this were a medical study of two treatment strategies for a disease, 
the study would be stopped at this point for ethical reasons, so that 
every patient could be given the more effective treatment immediately!”   

Given the incredibly large number of students being affected by our 
instruction in large enrollment intro. science courses, it is unethical to 
teach theses courses with methods proven to be ineffective at promoting 
transformation.  

Is a traditional lecturer in a large enrollment intro. science course a 
danger to our society.  



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 



Help People. 

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

The Dalai Lama 


