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Abstract

How can teachers harness children’s natural curiosity in their classrooms?
Unlike many other subjects, space science concepts such as the bodies which make up the solar system are largely beyond the reach of direct personal examination by which most children begin their learning process about the world.  Fortunately, a combination of telescopes, interplanetary space craft and the development of internet resources accessible to public education afford many modern students the ability to engage in a level of “hands-on” inquiry about the bodies of our solar system that Galileo, Kepler, Copernicus and Da Vinci could only have dreamed of. Teachers can and must be prepared to fully and correctly utilize the wealth of resources available from NASA, NSF, ESA, etc. as part of their training. 

The activities outlined on this poster model an inquiry-based approach to exploring and understanding the evolutionary history of solar system bodies for use by public school teachers utilizing resources generally available in the K-12 classroom. This activity was initially designed and used under the auspices of a pre-service science teacher preparation program at MSU-Mankato.
Who are Pre-Service Science Teachers?
Undergraduate & Graduate Students teaching: 
High School Science









Middle School Science
Typical Background: 1 course each in:
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· Earth Science

· Biology

· Physics

· Chemistry

· Astronomy

· Math to Pre-calculus

· More Work in 1 Science

Many are science/math/computer phobic

What conditions exist in K-12 schools?

Tremendous local variability in:

· funding levels

· computer support

· lab materials

· curriculum content and design

· district support for science
Common challenges:

· Insufficient number of computers

· Computers too slow or out of date 

· Insufficient tech support 
· Lack of teacher training 

The world envisioned by the National Science Education Standards

remains far more a goal than a reality in most schools.

How can we help?

· Teachers must be well versed in core science content.

· Teachers must be prepared and empowered to be flexible in identifying materials and approaches relevant to THEIR particular circumstances.
What do we know about the Solar System?
Students Examine a Table of Basic Planetary Data

[image: image3.jpg]able 18.1 Planetary data

Mean Distance from Sun Orbital
Millions  Millions of Period of Inclination Velocty

Planet Symbol AU of Miles Kilometers Revolution of Orbit mi/s  km/s
Mercury 3 0.387 36 58 88d 7°00" 29.5 47.5
Venus 9 0.723 67 108 22474 3°24' 21.8 35.0
Earth 52 1.000 93 150 365.254 0°00’ 18.5 29.8
Mars é 1.524 142 228 6874 12571 14.9 24.1
Jupiter A 5203 483 778 11.86vr 1°18" 8.1 131
Saturn h 9.539 886 1427 29.46yr 22291 6.0 9.6
Uranus ) 19.180 1783 2870 84yr 0°46' 42 6.8
Neptune W 30.060 2794 4497 165yr 1°46’ 3% 5.3
Pluto P 39.440 3666 5900 248yr 172194 29 47

Dismictor Relative Average Polar Number of

Period of Mass Density Flattening Known

Planet Rotation Miles  Kilometers  (Earth = 1) (g/cm?3) (%) Eccentricity  Satellites
Mercury 59 3015 4854 0.056 54 0.0 0.206 0
Venus 2444 7526 12112 0.82 52 0.0 0.007 0
Earth 23h56m04s 7920 12,751 1.00 55 0.3 0.017 il
Mars 24h37m23s 4216 6788 0.108 3.9 0.5 0.093 7
[upiter 9h5(0m 88,700 143,000 317.87 1:3 6.7 0.048 16
Saturn 10h14m 75,000 121,000 95.14 0.7 104 0.056 21
Uranus 17014m 29,000 47,000 14.56 1.2 23 0.047 117
Neptune 16h03m 28,900 46,529 17:21. 1.7 1.8 0.008 8
Pluto 6.44 ~1500 ~2445 0.002 1.8 0.0 0.250 1





Students utilize planetary data to formulate:

Hypothesis 1: Students Classify Planets into 2 or 3 groups
· Students gather additional data to support their hypothesis using the Windows on the Universe Website

[image: image4.jpg]



The source of this material is Windows to the Universe, at http://www.windows.ucar.edu/ at the University Corporation for Atmospheric Research (UCAR). ©1995-1999, 2000
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Visit links to the Sun, and visit the planets and other small bodies in the Solar System. Find out about solar system formation, and facts about the bodies in the solar system. See news highlights, and archives of images of the Sun, planets, comets, and asteroids. 
	 
	
The Sun


Planetary Systems
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/mercury/mercury.html" Mercury
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/venus/venus.html" Venus
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/earth/earth.html" Earth
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/mars/mars.html" Mars
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/jupiter/jupiter.html" Jupiter 
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/saturn/saturn.html" Saturn 
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/uranus/uranus.html" Uranus 
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/neptune/neptune.html" Neptune 
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 HYPERLINK "http://www.windows.ucar.edu/tour/link=/pluto/pluto.html" Pluto


Solar System Formation


Asteroids


Comets


Solar System Facts


News & Discovery


Image Archives


Solar System Coloring Book

 INCLUDEPICTURE "http://www.windows.ucar.edu/the_universe/images/new.gif" \* MERGEFORMATINET 
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Typical Student Hypotheses

1. Terrestrial vs. Giant Planets – Pluto Does Not Fit

2. Terrestrial, Giant, Icy Planets

	Terrestrial
	Giant
	Icy

	Mercury
	Jupiter
	Pluto

	Venus
	Saturn
	

	Earth
	Uranus
	

	Mars
	Neptune
	


Based on Density, Rotational Period, Distance from Sun
=> 

Compositional Differences are Key
The View From Space:
About the Evolutionary 
Hypothesis 2: Students hypothesize regarding the cause for the compositional differences between the planets. 

· Students gather additional data to support their hypothesis using the Windows on the Universe and select other Websites

· Students select one planet from each group:

	1
	2
	3
	4

	Venus
	Mars
	Jupiter
	Uranus

	
	
	Saturn
	Neptune


Typical Student Hypotheses

Relate to Nebular Hypothesis

1. Differential Temperatures Cause Different Materials to Condense in Different Parts of the Solar System

2. Uniform Planetary Formation with Subsequent Evolution

=>

Initial Composition & Evolution Important

Hypotheses 3-6: 
Students hypothesize regarding the atmospheric source & evolution for their selected planet in each group.
Proceeds with intense examination of globes of:

Venus, Earth, Luna, Mars
What do you see?

Students examine globes to identify surface features

Venus
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	Present
	Absent

	Volcanoes
	Drainage Networks                       Surface Ice

	Lava Flows
	Ocean                                              Beach Strand Lines

	Medium Crater Density
	Mountain Ranges

	Dense Atmosphere
	Mid “Ocean” Ridges                     Trenches


Mars
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	Present
	Absent

	Volcanoes
	Ocean  

	Lava Flows
	Beach Strand Lines ?

	Low & High/Uneven Crater Density
	Mountain Ranges

	Thin Atmosphere
	Mid “Ocean” Ridges                     

	Drainage Networks
	Trenches

	Surface Ice
	


Earth  & Moon
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Class brainstorms table of attributes from images

	Feature
	Venus
	Earth
	Luna
	Mars

	Atmosphere (atm)
	90
	1
	0
	0.06

	Ocean
	N
	Y
	N
	N

	Beach Strand Lines
	N
	Y
	N
	?

	Surface Ice
	N
	Y
	N
	Y

	Drainage Network
	N
	Y
	N
	Y

	Volcanoes
	Y
	N
	N
	Y

	Lava Flows
	Y
	Y
	Y
	Y

	Mountain Ranges
	N
	Y
	N
	N

	Mid “Ocean” Ridges
	N
	Y
	N
	N

	Trenches
	N
	Y
	N
	N

	Crater Density
	Med
	Low
	High
	High/Low


Conundrum: Despite higher gravity & cross sectional area larger bodies show fewer craters than smaller ones.

=>

Resurfacing Occurs on Some Bodies =>
What Surface Features Tell Us
History of Solar System Bodies

Planetary Evolution

Students seek to trace the causes of planetary evolution

Which bodies have evolved?

How have these bodies evolved?

What drives the evolution of planetary bodies?

Students continue their focus on the terrestrial planets by discussion as they seek to identify forces that could cause planetary resurfacing.

Hypothetical agents of planetary surface evolution
· Volatile materials on Earth, primarily liquid water and glacial ice, cause erosion of surface features.
· Wind in an atmosphere can cause erosion and deposition on the surface.

· Volcanic activity can build mountains and bury landscapes in ash & lava.

· Plate tectonic forces can build mountains, trenches, etc.
Students examine images of the planets and data about their interiors to investigate which of these change agents exist on the terrestrial planets.
Students quickly conclude that some processes appear to have been active in the past but are no longer so on some worlds (liquid water on Mars, volcanic activity on the moon, etc.)

=>

Temporal Nature of Planetary Evolution

Degrees of Planetary Evolution
Most Active

Earth
· active liquid water river networks
· active glacial activity
· active hydrologic cycle

· active wind erosion/deposition

· active volcanic activity

· active plate tectonics

Mars

· past liquid river networks (presumably water)

· present polar caps

· inactive hydrologic cycle (?)

· active wind erosion/deposition

· past volcanic activity

· past tectonics of some sort (?)

Venus

· no evidence for hydrologic cycle past or present

· wind erosion/deposition (?)

· past volcanic activity

Luna
· no evidence for hydrologic or wind activity past or present
· past lava flows but no volcanic edifices

Least Active
What causes this range of activity?
The Goldilocks Hypothesis

Students are given a brief introduction to the balance of conditions needed to maintain a liquid ocean and atmosphere that enables recycling of volatiles such as H2O, CO2, and CH4.
=>

Examining planetary interiors & atmospheres provide clues
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Volcanism on Venus restores CO2 to atmosphere, lack of ocean prevents recycling of CO2 into crust creating a huge CO2-rich atmosphere and runaway greenhouse effect

=> 
Hot House
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Volcanism on Mars provides H2O & CO2 to atmosphere in past but small planet size limits recycling of CO2, cold temperatures cause volatiles to freeze on surface or in crust reducing greenhouse effect

=>

Ice House

How uniform are these principles?
Students apply their understanding to a new set of bodies:

The Galilean Satellites
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Students investigate the cratering of the Galilean satellites to determine their degree of resurfacing:

=>

· Resurfacing decreases as one moves outward from Jupiter
· Evidence for icy tectonics in some cases
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Io – volcanic world without atmosphere, oceans or significant cratering
Europa – ice covered world with frozen ocean of water ice, few craters
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Ganymede – ice covered world with mixed terrain, some cratering and evidence of uneven resurfacing (as on Mars)
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Callisto – ice covered world with highest degree of cratering
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Students conclude some energy source unrelated to moon size must account for the different degrees of evolution
=>

Tidal Forces from Jupiter/Galilean Satellites
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Final Activity
Students investigate moons of Saturn, Uranus, Neptune

=>

Variable resurfacing & composition on these bodies.

**************************************************************************

Instructor’s Perspective

These activities occur early in the course to introduce students to the bodies of the solar system and, more broadly, to begin to develop the idea of the Earth as one example of a world which functions within a larger system with principles that apply on all worlds regardless of their size or orbital relationship to other bodies. Later topics in the course include the rock cycle, Earth’s atmospheric evolution, plate tectonics, rock cycle, glaciation, etc.  All are traced back to what we can see, with enough magnification, from space.
· Given the ever growing detail and range of images and data sets available for solar system bodies, how can this activity be improved/enhanced without overwhelming pre-service teachers?

· How can this activity become a guide to what the K-8 teacher can achieve with their own students?
Feedback from Workshop Participants
