8th Grade Science:  Unit 6


Comprehensive Curriculum

Concept Correlation

Unit 6:  Astronomy and Space Exploration

Time Frame:  4 Weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· The study of the structure, movements, and continuing processes on Earth is related to its place in the solar system, in the Milky Way galaxy. 

· Discoveries are made as technology and space exploration continues to expand.

· The relationship between Earth, Sun, and the Moon that results in seasonal changes on Earth, phases of the Moon, eclipses, and the tides. 



	Guiding Questions
	Activities

Essential Activities are denoted with an asterisk
	GLEs
	
	
	

	Concept 1: The Moon

37. Can students identify angular relationships between Earth, the Sun, and Moon that result in the various phases of the moon?
38. Can the students identify the alignments of Earth, the Sun, and Moon that result in solar and lunar eclipses?
39. Can the students use models to demonstrate how the tilt of the earth is a major cause of the seasons?
40. Can students explain the cause of Earth’s seasons and tides?
41. Can students describe and predict the patterns of change that result in Moon phases and eclipses?


	*Activity 42: Phases of the Moon and Eclipses

GQ 37, 42
	ESS 40
SI 14, 15, 19, 33
	Documented GLEs

DOCUMENTATION 

GLEs Bloom’s Level

GLEs

Date and Method of Assessment

Describe the life cycle of a star and predict the next likely stage of the Sun (ESS-M-C1) (Analysis)
ESS 36

Use a Hertzsprung-Russell diagram and other data to compare the approximate mass, size, luminosity, temperature, structure, and composition of the Sun to other  stars (ESS-M-C1) (Analysis)
ESS 37

Use data to compare the planets in terms of orbit, size, composition, density,  rotation, revolution, and atmosphere (ESS-M-C2) (Analysis)
ESS 38

Interpret a scale model of the solar system (ESS-M-C5) (Comprehension)
ESS 42

Communicate ways that information from space exploration and technological  research have advanced understanding about Earth, the solar system, and the  universe 

(ESS-M-C8) (Application)
ESS 48

Identify practical applications of technological advances resulting from space  exploration and scientific and technological research (ESS-M-C8) (Application)

ESS 49

Explain that, through the use of scientific processes and knowledge, people can solve  problems, make decisions, and form new ideas (SI-M-B6) (Application)
SI 38

Identify areas in which technology has changed human lives (e.g., transportation, communication, geographic information systems, DNA fingerprinting) (SI-M-B7) (Comprehension)
SI 39



	
	*Activity 43: Tides “What’s the Moon Got to Do With It?

GQ 40
	ESS 41
SI 13, 14, 15, 19, 33
	

	
	Activity 44: Modeling Moon Phases Eclipses, Seasons, Tides

GQ 37 - 41
	ESS 40
SI 13, 14, 15, 19, 33
	

	Concept 2: Understanding the Planets
42. Can students compare relative distances, motions, and sizes of astronomical objects?

43. Can the students use data to verify the dates of Earth’s perihelion and aphelion?


	*Activity 45: Scale Model of Solar System

GQ
	ESS 38, 42
SI 13, 14, 15, 19, 33
	

	
	*Activity 46: Planetary Comparison 
	ESS 39

SI  7, 8, 19, 38
	

	
	*Activity 47: Planetary Orbits
	ESS 38

SI  6, 13, 15
	

	Concept 3:  

Understanding the Stars

44. Can students describe how scientists determine the size, composition and temperature of astronomical objects?


	*Activity 48: Fingerprints of Stars
	ESS 37
SI 6, 8, 13
	

	
	*Activity 49: Hertzsprung-Russel Diagram 
	ESS 36, 37

SI 6, 12, 13, 14, 15, 19, 33
	

	
	*Activity 50: In This Little Corner
	ESS 32

SI 3, 14, 15, 19, 22, 29, 38, 40
	

	Concept 4: Space Technology
45. Can students order persons, events, and discoveries in the history of astronomy and space exploration? 
46. Can students demonstrate their knowledge of the relationships between improvements in technology and subsequent discoveries in space?


	Activity 51. Space Technology 
	ESS 48, 49
SI 18, 35, 38, 39, 40
	


Unit 6 Concept 1:  The Moon

GLEs

*Bolded GLEs are assessed in this unit.

ESS 40 Identify and illustrate the relative positions of Earth, the Moon, and the Sun during  

             eclipses and phases of the Moon (ESS-M- C4) (Comprehension)

ESS 41 Describe the effects of the Moon on tides (ESS-M-C4) (Comprehension)

SI 13
 Identify patterns in data to explain natural events (SI-M-A4) (Evaluation)
SI 14
 Develop models to illustrate or explain conclusions reached through investigation 

 (SI-M-A5) (Synthesis)
SI 15
 Identify and explain the limitations of models used to represent the natural world 

 (SI-M-A5) (Analysis)
SI 19
 Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)
SI 33
 Evaluate models, identify problems in design, and make recommendations for  

              improvement (SI-M-B4) (Evaluation)
	Purpose/Guiding Questions:

· Identify major characteristics of stars, the Moon, meteors, planets, and the solar system

· Identify the relative positions of the Earth, Sun, and Moon during a solar eclipse and a lunar eclipse

· Identify and sequence the phases of the Moon

· Model or describe the tilt, revolution, and rotation of the Earth and recognize the positions of the Earth and Sun during each of Earth’s four seasons 


	Key Concepts and Vocabulary: 

· Moon phases (e.g. quarter, gibbous, etc.)

· Lunar eclipse

· Solar eclipse

· Tides (spring and neap)



	Assessment Ideas:

· See the assessment options at the end of this unit.

Activity Specific Assessments:

Activity 42
	Resources:

· Teacher-Made Supplemental Resources 
· Lunar Lollipops activity  at http://www.windows.ucar.edu/tour/link=/teacher_resources/lunar_edu.html 
· Moon phases at http://www.moonphases.info/moon_phases.html 
· http://www.louisianasportsman.com/tide-guides.htm



Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 42:  Phases of the Moon and Eclipses (SI GLEs: 14, 15, 19, 33; ESS GLE: 40)

Materials List: foam balls (3 in. in diameter, ½ of ball is shaded with black marker), pen cap (has leg that clips on paper), flashlight, science learning logs, STARLAB Planetarium (optional), cardstock and modeling clay (for assessment), pictures of moon phases

Part A: Modeling Moon Phases 

As a safety note, students should clear the area of their book bags and binders.  This part of the activity can be found at the Lunar Lollipops activity (http://www.windows.ucar.edu/tour/link=/teacher_resources/lunar_edu.html). If room space is available, mark a circle with eight points on the floor with tape for each student group. Follow directions as written. Provide students with the following materials: foam balls, pen cap, and a strong flashlight. Have the students carefully stick the point of the pen cap into a foam ball. Indicate that this is their Moon. The second person stands about six feet away from the student with the Moon. In a darkened room, have students hold their Moon with the dark side facing them (white side facing Sun), a little above their heads and between their eyes and the flashlight (New Moon phase). If students place their Moons a little above their heads, they will see the “full moon” phase, and this physical placement will help show the difference between full moons and lunar eclipses (Part B). Students rotate around the light counter-clockwise, stopping at each point (see Figure 1).  


As students revolve counter clockwise around the light source, they should face one direction the entire time (they will not model Earth’s rotation).  Remind students that we only see one side of the moon. Students should shade the shadowed area of their Moon in their science learning logs (view literacy strategy descriptions).

Ask students the following questions:

1. How much of the ball facing you is illuminated?

2. How much of the ball’s surface area is dark?

Record the data obtained from student responses. Tell students to make five additional 90( turns. Instruct them to record their data after completing each turn. At the conclusion of the turns, ask students how many different phases did they see and what caused the phases? Have students list the phases represented in order. Ask students to discuss and identify the limitations of this model and how they might improve on the model.

Provide students with pictures of Moon phases (can be found online at http://www.moonphases.info/moon_phases.html). The students are to sequence correctly the pictures from New Moon to New Moon. Particular emphasis should be put on identifying First Quarter, Full Moon, and Third Quarter. The students should also learn that “waxing” phases of the Moon occur between New and Full Moon and “waning” phases occur between Full and New Moon. What portion of the Moon is illuminated during the “waxing” phases? What section of the Moon is illuminated during the “waning” phases?
Part B: Modeling Eclipses 

Provide the students the same equipment used to model Moon phases and instruct them to stand in a circle around the light source. Place the foam Moon ball directly in front of the light source. The students should answer the following questions: Does the Moon appear dark or lit up? Why? Look at the person’s face across from you. What do you see? (shadow). Where is this shadow on their face coming from? If the shadow was on the real Earth, what would happen? The students should then correctly identify the angular and physical alignment of the Sun, Earth, and Moon.

Now have the students reverse positions so that their backs are facing the Sun and the Moon is just above the shadow of their heads on the wall. Slowly move the Moon into the heads’ shadow. What happens to the Moon when it enters the shadow? The students should then correctly identify the angular and physical alignment of the Sun, Earth, and Moon. Students should discuss the limitations of this model and suggestions as how it could be improved.

Through class discussion, elicit student responses to the following questions:

· What is the angle that forms when the Sun, Moon, and Earth align during New Moon? (180 degrees)
· What is the angle that forms when the Sun, Earth, and Moon align during First Quarter? (90 degrees)
· What is the angle that forms when the Sun, Earth, and Moon align during a Full Moon? (180 degrees)
· What is the angle that forms when the Sun, Earth, and Moon align during Third Quarter? (90 degrees)
· What is the alignment sequence of the Sun, Earth, and Moon during a solar eclipse? (Sun, Moon, Earth) During a lunar eclipse? (Sun, Earth, Moon)
If a STARLAB Planetarium is available, modeling of Moon phases and eclipses in its dark environment greatly enhances the understanding of these phenomena.

*Activity 43:  Tides: What’s The Moon Got To Do With It? (SI GLEs: 13, 14, 15, 19, 33; ESS GLE: 41)

Materials List: local tide data for Louisiana coast area, graph paper, computer, Internet access

Obtain student prior knowledge of tides by hosting a whole class discussion. Some students may relate fishing to the tide schedule. Students should find local tide data for a Louisiana coastal area. Students should correlate times of high and low tides for a given day to the phases of the Moon. Have the students relate how the Moon’s phases play a role in the generation of tides.

Acquire several tide tables from different parts of the country (http://www.tides.info/). Remember to point out to students that Louisiana’s flat, low-lying coastline is one of many variables as to why we do not have the typical two high and two low tides generally expected (http://www.louisianasportsman.com/tide-guides.htm). Students will plot tide data for a period of one month and draw the tidal curve for this data. Correlation between the graph and Moon phases should be included. Challenge students to create models that will demonstrate the angular positions of Earth, Moon, and Sun that result in the tides. Have the students identify the limitations of their models and offer suggestion as to how they can be improved.

Through class discussion, elicit student responses to the following:

· Discuss gravitational influences on Earth and explain why the Moon is the primary influence on the tides.

· Identify the angular positions of the Sun, Earth, and Moon during spring and neap tides.

· Identify the phases of the Moon that are associated with spring and neap tides.

Activity 44: Modeling Moon Phases, Eclipses, Seasons, and Tides 

 (SI GLEs: 6, 7, 13, 14, 15, 18, 33; ESS GLEs: 40, 41, 45, 46, 47) 

Note:  This activity is a re-teaching activiy for students who need individulaized instruction for a specific concept. 

A. Moon Phase and Eclipse Modeling:

Use a Trippensee model or comparable Earth, Moon, and Sun model. To demonstrate the angular positions of Earth, the Moon and Sun, position the moon between the Sun and Earth. This alignment represents the position of the moon during the phase known as new moon. Students identify that the angular alignment of Earth, moon, and Sun is 180 degrees. The moon from Earth is not visible on this particular day. Move the moon counter-clockwise one-fourth of a revolution around Earth. This position of the moon is known as first quarter. As seen from Earth, the Moon appears half illuminated. Students identify the angular alignment of Earth, moon and Sun as 90 degrees. Now move the Moon counter-clockwise another one-fourth revolution. This position is known as Full Moon. Students recognize that from Earth the Moon appears to be fully illuminated but in actuality, it is only half illuminated. Students identify that the angular alignment of Earth, Moon, and Sun is 180 degrees. Finally move the Moon counter-clockwise another one-fourth revolution. This position is known as third quarter. Students recognize that from Earth the Moon appears to be half illuminated once again but on the opposite side than during first quarter. Students identify the angular alignment of Earth, Moon, and Sun is once again 90 degrees. Repeat the Moon’s revolution several times until the students can recognize the phases and their angular alignments with Earth and Sun. Point out the faulty reasoning and statements about the Moon phases that are often misinterpreted and are not supported by the evidence from this model. 

B. Modeling Eclipses:

Use a Trippensee model or comparable Earth, Moon, and Sun model to demonstrate the alignments that result in solar and lunar eclipses. Position the Moon model between the Sun and Earth. This alignment occurs during new Moon and when the Moon is directly between the Sun and Earth, a solar eclipse results. As seen from Earth, the Sun appears to be blocked out by the Moon and the shadow of the Moon is cast on Earth causing total darkness in the shadow that races across its surface. To model a lunar eclipse, position the Moon on the opposite side of Earth from the Sun. As the Moon moves into Earth’s shadow, a lunar eclipse takes place. The Moon often appears a reddish or orange color during a lunar eclipse due to the refraction of Sunlight by Earth’s atmosphere. 

C. Modeling Tides:

Use a Trippensee model or comparable model to demonstrate the positions of Earth, Moon and Sun that result in spring and neap tides. Position the Moon between Earth and the Sun to demonstrate a spring tide. These tides are higher than normal tides on this day because of the gravitational pull of the Moon and Sun. The phase of the Moon associated with this spring tide is New Moon. One week later the Moon completes one-fourth of a revolution around Earth and a 90 degree alignment occurs. This position results in a neap tide. These tides are lower than normal on this day. The phase of the Moon associated with this neap tide is first quarter. One week later the Moon has revolved half way around Earth. This 180 degree alignment of the Sun, Moon, and Earth results in another spring tide. This tide is know as the lesser spring tide and is influenced primarily by the Moon and centrifugal force. The phase of the Moon associated with this tide is Full Moon. One week later the Moon has revolved three-fourths of the way around Earth. This 90 degree alignment produces another neap tide. The phase of the Moon associated with this neap tide is third quarter. Return the Moon model to its starting point to start the tidal cycle again.

D. Seasonal Modeling:

Use a Trippensee model or comparable Earth, Moon, and Sun model to demonstrate Earth’s revolution, simply move Earth around the Sun in a counter-clockwise direction. Explain that it takes Earth 365.25 days to make one revolution, or one year. Many models rotate Earth as it revolves around the Sun. If not, a common globe can be used to model Earth’s rotation on its axis. Have the students identify that Earth is tilted 23.5 degrees. Position Earth so that its axis is tilted away from the Sun. In this position in Earth’s orbit we experience winter (winter solstice). This point in Earth’s orbit is known as perihelion and typically occurs on January 2. Students identify that if Earth’s northern hemisphere is tilted away from the Sun then the temperature in Louisiana would be cooler because of sunlight striking the northern hemisphere at an indirect angle. Now position Earth about one-fourth of a revolution from the winter location. In this position in Earth’s orbit we experience spring (vernal equinox). Students should identify that Earth’s axis is still pointing in the original direction, but in this position both hemispheres of Earth receive the same amount of radiant energy from the Sun. Now move Earth another one-fourth of a revolution. In this position in Earth’s orbit we in Louisiana experience summer (summer solstice). Students should identify that Earth’s axis is still titled 23.5 degrees with the northern hemisphere now tilted toward the Sun. Students identify that if the north is tilted toward the Sun, then the angle and amount of radiant energy striking Louisiana is significantly more than in winter or spring. This point in Earth’s orbit is known as aphelion and typically occurs on July 2. Now position Earth another one-fourth of a revolution. In this position we are experiencing fall (autumnal equinox). Repeat the complete revolution of Earth several times until all students can identify the seasonal positions of Earth’s revolution. Students should identify that Earth’s axis remains parallel at all times and both hemispheres are again receiving the same amount of radiant energy. 

A trackstar, which is a guided browser, can be found in the Teacher-Made Supplemental Resource.  The trackstar includes seasons, tides, and phases of the moon.

Unit 6 Concept 2:  Understanding the Planets

GLEs

*Bolded GLEs are assessed in this unit.

ESS 38 Use data to compare the planets in terms of orbit, size, composition, density,  

              rotation, revolution, and atmosphere (ESS-M-C2) (Analysis)

ESS 39 Relate Newton’s laws of gravity to the motions of celestial bodies and objects on  

             Earth (ESS-M-C3) (Application)

ESS 42 Interpret a scale model of the solar system (ESS-M-C5) (Comprehension)

SI 6
 Select and use appropriate equipment, technology, tools, and metric system units of 

 measurement to make observations (SI-M-A3) (Comprehension)
SI 7
 Record observations using methods that complement investigations (e.g., journals, tables,  

             charts) (SI-M-A3) (Comprehension)
SI 8
 Use consistency and precision in data collection, analysis, and reporting (SI-M-A3) (Knowledge)
SI 13
 Identify patterns in data to explain natural events (SI-M-A4) (Evaluation)

SI 14
 Develop models to illustrate or explain conclusions reached through investigation 

 (SI-M-A5) (Synthesis)
SI 15
 Identify and explain the limitations of models used to represent the natural world 

 (SI-M-A5) (Analysis)
SI 19
 Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)
SI 33
 Evaluate models, identify problems in design, and make recommendations for  

              improvement (SI-M-B4) (Evaluation)
SI 38
 Explain that, through the use of scientific processes and knowledge, people can solve  

             problems, make decisions, and form new ideas (SI-M-B6) (Application)

	Key Concepts:

· Identify major characteristics of stars, the Moon, meteors, planets, and the solar system

· Compare and classify the planets of our solar system (appearance, size, type, composition, orbits, and distance from our Sun)


	Vocabulary: 

· orbit

· diameter

· density

· temperature

· space probes

· eccentricity

· foci

· perihelion

· aphelion



	Assessment Ideas:

· See the assessment options at the end of this unit.

Activity Specific Assessments:

Activity 45

Activity 46
	Resources:

· http://www.nasa.gov/audience/foreducators/9-12/features/F_Solar_System_Scale.html
· http://www.nasm.si.edu/ceps/etp/ss/ss_planetdata.html
· Planet 10 World Builder at http://www.scienceyear.com/randomise/index.html?page=/planet10/
· http://liftoff.msfc.nasa.gov/academy/space/solarsystem/solarsystemjava.html
· http://www.astro.umass.edu/courseware/java/planets/ecc.html
 


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 45:  Scale Model of the Solar System (SI GLEs:  13, 14, 15, 19, 33; ESS GLEs:  38, 42)

Materials List: Word Grid Example BLM, Word Grid Example With Answers BLM; one of each- 6ft diameter yellow paper circle, small purple bead, regular-size yellow marble, regular-size blue and white marble, 2-silver BBs, 1/3 inch red bead or marble, white soccer ball, decorated; foam ball (about 8 inches in diameter) with paper rings, greenish tennis ball, blue racquet ball, grains of sand, landscape marking flags, distance measuring wheel or other measuring tool, index cards, index cards, STARLAB Planetarium (optional)

Part A: Using common items, students will create a distance and size scale model of the solar system. Students should be able to identify and explain the limitations of this model. Prior to this activity place pictures or words of the planetary bodies listed below on index cards and provide a set to each student pair. 

Materials:

· Sun: 2 meter diameter yellow paper circle (all objects measured from the Sun)

· Mercury: small purple bead (75 meters)

· Venus: regular size yellow marble (141 meters)

· Earth: regular size blue and white marble (196 meters)

· Earth’s Moon: silver BB (50 cm from Earth)

· Mars: 8mm red bead or marble (298 meters)

· Asteroid Belt: grains of sand (547 meters)

· Jupiter: white soccer ball, decorated (1,015 meters)

· Saturn: foam ball with paper rings (1.905 meters)

· Uranus: greenish tennis ball (3,000 meters)

· Neptune: blue racquet ball (5,926 meters)

· Pluto:  silver BB (7620 meters)

· Small flags may be necessary to show their location.

Randomly place items on a table in front of the class, and pass out index cards with the names of the items on them. Tell the students that each item represents a body in our Solar System.  Do not give them the key as to what planets the items represent yet. Students should work in pairs for one minute to place the cards in the correct planet order from the Sun. After that minute, instruct student pairs to compare their order with another group.  Host a whole class discussion guiding students to correctly match the everyday items to the planetary bodies in the Solar System. Students should be able to provide reasons for their answers. Use small flags to mark the planetary bodies that fit on the school’s campus, and then use a local area map to measure and plot where the others would be located. As an option, ask owners (or managers) of well-known sites to put up a sign to “host” the scaled planetary body for about a week allowing students to an opportunity to see the distance between the other planetary bodies in space. 
Students will use a word grid (view literacy strategy descriptions) to learn important concepts about stars. Co-construct the word grid with students so as to maximize participation in the word learning process; use the Word Grid Example BLM as a guide. Create a word grid on chart paper or bulletin board to demonstrate to the whole class how it is constructed and used. After analyzing a demonstration word grid, students will be much better prepared to create and utilize this technique more effectively.

Provide students a blank word grid with plenty of columns and rows for this activity. The large version of the word grid could be attached to the wall or projected from an overhead or computer. As critical related terms and defining information are encountered, students should write them into the word grid. The teacher can invite students to suggest key terms and features, too. Once several related terms are written along the vertical dimension of the grid, add features, characteristics, or other defining information in the spaces at the top of the grid moving left to right.

Using the word grid, students should be able develop a definition of a planet, which explains Pluto’s “new” status. (It is possible that in time, Pluto may be restored to its former status as a planet.) After this, quiz students by asking questions about the words related to their similarities and differences, so that students will make a connection between the effort they put into completing and studying the grid and the positive outcome on word knowledge quizzes.

Part B: The following activity will clearly demonstrate the distances between the planets. Ask the students to explain why they think it takes planetary space probes so long to get to other planets. Students should estimate the space needed to model the distances between the planets. At a suitable location chosen in advance, like a school football field, the whole class will measure or step off the distances of the planets from the Sun using the Solar System on a Football Field model, which can be found at

http://www.nasa.gov/audience/foreducators/9-12/features/F_Solar_System_Scale.html
(Teachers who don’t have access to Internet in their classroom can print out a copy to duplicate for students). Use landscape-marking flags for temporary markings of planet positions. Discuss the planets’ characteristics along the walk, which can be found at the website mentioned. Younger students from other grades could be invited to walk the planet path with the help of the older students.

Upon completion of the solar system model, the students should compare and contrast the two models; they should also evaluate and suggest ways to improve them.

Finally, revisit the word grid to have students write what they have learned about the Solar System so far. Through class discussion, elicit student responses to the following:

· How do the distances between the inner planets compare to the distances between the outer planets?

· Describe how distances between planets change as the distance from the Sun increases.

If the district has a STARLAB Planetarium and the Solar System and Galaxy Cylinder, the scale model of the planets may be used for this activity as well as the cylinder’s data to compare the inner and outer planets.

*Activity 46:  Planetary Comparison (SI GLEs: 7, 8, 19, 38; ESS GLE: 38)

Materials List: teacher-selected research material for planetary data, computer (one for each student group) and projector, chart paper or bulletin board paper, Internet connection, Mission/Project Rubric BLM, science learning logs, white copy paper 

Part A: Working in groups of four or five, have the students create a chart of planetary data that include revolution (orbital period), revolution (day), diameter, density, temperature, atmosphere (and composition), etc. similar to the data chart found at http://www.nasm.si.edu/ceps/etp/ss/ss_planetdata.html, and they will research how planetary mission(s) and space probes provided this information. Students will research the information and record the data for each planet, using teacher-selected research material. Have the students list five ways the inner planets are different from the outer planets in their science learning logs (view literacy strategy descriptions). Students may list these differences on chart paper to hang around the room. Have each group discuss their findings.

After the students have finished discussing the planets, ask them to work in groups once again to answer the following question:

· After studying the planetary data charts, which planet—other than Earth—would best support an exploratory Earth colony?

Part B: Have the students research the discoveries made by Pioneer 10 and 11, Voyager 1 and 2, Mars Rover Expeditions, Venera project, Galileo mission, Cassini, the Hubble Space Telescope, Magellan, Mariner 9 and 10, Gemini, Viking, and New Horizons. Assign each student pair a space probe/mission. They will display the information on white copy paper; it should be displayed in a data table organizing the principle objective(s), planet(s) researched, and data results. Hang these in gallery style so that students can walk around and view information from each. Some available Internet links are provided under Resources.

Part C: Assign each student a planet in our Solar System; do not give easy planets for repetition. Students will design and construct a mobile that displays the major details from the missions/projects above. As student walk through the gallery, they will collect information about their planet from the researched material. Student mobiles must include all planetary missions and space probes used to gather information about their planet in our Solar System, their principle objectives, as well as information received for each objective. A rubric (The Mission/Project Rubric BLM) for this activity on planetary missions and space probes is provided. Explain to the students that in the same way they analyzed planetary data, scientists have used planetary knowledge and data to make decisions on developing planetary exploration missions throughout the solar system. By sending space probes to the planets, we have a better idea of how and when the solar system formed, as well as theories about the planets’ future as well as our own Earth’s future. 

As an extension, students can use a computer and projector or have students work in pairs on a computer to build a 10th planet (assuming Pluto is the 9th planet) in our solar system at Planet 10 World Builder (http://www.scienceyear.com/randomise/index.html?page=/planet10/). With World Builder, students work their way through each of the creation screens, but only certain conditions will ensure their planet is a successful place for life to grow and evolve. If an interactive board is accessible, have student groups go to the board and manipulate the planet. The whole class can participate by providing building ideas.

*Activity 47: Planetary Orbits   (SI GLEs: 6, 13, 15; ESS GLE: 39)

Materials List: Internet access, computer and projector, thumbtacks, heavy cardboard, string, Ellipse BLM 

Early astronomers believed that the planets and the Sun revolved around Earth. During the sixteenth century, scientists such as Nicholas Copernicus and Galileo Galilee were challenging this theory. Although the heliocentric theory (planets orbiting the Sun) later became widely accepted, the belief that the planets moved at constant speeds and in circular paths was still prevalent. Johannes Kepler, working with Tycho Brahe’s data, discovered that the paths of the planets were slightly elliptical and that the planets moved at different speeds at various points in their orbits. Isaac Newton’s laws of gravity later supported this discovery. Newton found that the gravitational force between two bodies grows weaker the farther apart they are. Not only does the force of gravity depend on distance between the centers of mass, but on their masses as well. Show students the following site with a computer and projector (http://liftoff.msfc.nasa.gov/academy/space/solarsystem/solarsystemjava.html). This site states that Pluto is a planet; point out to students that its title is still being debated. During the initial animation, review the points of the solar system discussed so far. After the animation, the image can be altered, showing the orbital paths of the planets. 

Students will draw an ellipse using two thumbtacks or push-pins, heavy cardboard, and string. Students will insert the tacks approximately 20 centimeters (best if students vary the distances so that ellipses of different eccentricities will be made; see Ellipse BLM) apart on the cardboard. This link, http://www.astro.umass.edu/courseware/java/planets/ecc.html, provides background information about eccentricity and ellipses. They will tie a 50 cm (may vary) length of string in a loop and place it on the cardboard so that it encircles the tacks. A pencil should be positioned inside the string so that it moves as far as the string allows. Repositioning the tacks can change the resulting ellipse’s shape. Ellipses should be compared. Emphasize that the eccentricities (shape) of the planets’ orbits are slight. If viewed from above the solar system, the orbits would appear almost circular; refer back to online animation shown previously.

Students should discuss the limitations of this model, evaluate the design, and make suggestions as to how it could be improved.

Through class discussion, elicit student responses to the following:

· Relate eccentricity, foci, and semi-major axes to the orbits of the planet.

· Use the laws of gravity to explain why planets increase orbital speed as they get closer to the Sun.

· Use data to verify the dates of Earth’s perihelion (closest to Earth) and aphelion (furthest from Earth).

Unit 6 Concept 3:  Understanding the Stars

GLEs

*Bolded GLEs are assessed in this unit.

ESS 32 Interpret a timeline starting with the birth of the solar system to the present day 

             (ESS-M-B2) (Comprehension)

ESS 36 Describe the life cycle of a star and predict the next likely stage of the Sun 

 (ESS-M-C1) (Analysis)

ESS 37 Use a Hertzsprung-Russell diagram and other data to compare the approximate   

 mass, size, luminosity, temperature, structure, and composition of the Sun to other  

 stars (ESS-M-C1) (Analysis)

SI 3
 Use a variety of sources to answer questions (SI-M-A1) (Knowledge)
SI 6
 Select and use appropriate equipment, technology, tools, and metric system units of 

 measurement to make observations (SI-M-A3) (Evaluation)

SI 8
 Use consistency and precision in data collection, analysis, and reporting (SI-M-A3) (Knowledge)
SI 12
 Use data and information gathered to develop an explanation of experimental 

             results  (SI-M-A4) (Evaluation)
SI 13
 Identify patterns in data to explain natural events (SI-M-A4) (Evaluation)

SI 14
 Develop models to illustrate or explain conclusions reached through investigation 

 (SI-M-A5) (Synthesis)
SI 15
 Identify and explain the limitations of models used to represent the natural world 

 (SI-M-A5) (Analysis)
SI 19
 Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, 

spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)

SI 18
 Identify faulty reasoning and statements that misinterpret or are not supported by  

             the evidence (SI-M-A6) (Analysis)

SI 22
 Use evidence and observations to explain and communicate the results of 

 investigations (SI-M-A7) (Analysis)
SI 29
 Explain how technology can expand the senses and contribute to the increase and/or  

             modification of scientific knowledge (SI-M-B3) (Analysis)
SI 33
 Evaluate models, identify problems in design, and make recommendations for  

             improvement (SI-M-B4) (Evaluation)
SI 35
 Explain how skepticism about accepted scientific explanations (i.e., hypotheses and  

             theories) leads to new understanding (SI-M-B5) (Analysis)

SI 38
Explain that, through the use of scientific processes and knowledge, people can solve problems, make decisions, and form new ideas (SI-M-B6) (Application)

SI 40
 Evaluate the impact of research on scientific thought, society, and the environment 

 (SI-M-B7) (Analysis)
	Key Concepts:

· Identify major characteristics of stars, the Moon, meteors, planets, and the solar system

· Use Hertzsprung-Russell diagram to determine brightness and temperature of stars, including our Sun


	Vocabulary: 

· Star color

· Temperature

· Luminosity

· Doppler effect

· Absorption spectra

· Bright-line spectra

· Red shift

· Blue shift

· Hertzsprung-Russell Diagram

· Spectral class

· main sequence

· Types of stars

· Comets

· Asteroids

· meteorites



	Assessment Ideas:

· See the assessment options at the end of this unit.

Activity Specific Assessments:

Activity 49


	Resources:

· Life Cycles of Stars. Available online at http://imagine.gsfc.nasa.gov/docs/teachers/lessons/xray_spectra/background-lifecycles.html
· Spectroscope Construction. Available online at http://stardate.org/teachers/activities/spectroscope.html. http://www.opticsforkids.org/resources/6_Constructing_Spectroscope.pdf.

· Star Date. Available online at http://stardate.org/teachers/plans/spectroscope.html
· Planetarium Activities for Student Success (PASS), “Colors from Space,” Volume 8, Lawrence Hall of Science, the New York Hall of Science, and Learning Technologies, Inc.
·  National Radio Astronomy Observatory. Available online at http://www.gb.nrao.edu.

· Windows to the Universe. Available online at http://www.windows.ucar.edu.

· http://home.earthlink.net/~mjkrech/ideas.htm



Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

* Activity 48: Fingerprints of the Stars (SI GLEs:  6, 13; ESS GLE:  37)

Materials List: spectroscopes, sources for spectral analysis may include simple flame tests, spectrum or gas tubes (H, He, Hg, Ne, O, etc), fluorescent lights, mercury vapor or sodium streetlights (often found on campus), STARLAB Planetarium (optional), science learning logs

Students often ask how astronomers know so much about the composition of stars. Scientific instruments, such as the spectroscope, have revealed a wealth of information about the Sun and other stars through its fingerprint, or spectrum. Using diffraction grating or spectroscopes (possibly constructed by the students—see Web site resource references for construction directions), the spectral patterns of various light sources will be analyzed. Students will accurately record order, color, and width of the visible spectral lines in their science learning logs (view literacy strategy descriptions). Sources for spectral analysis may include simple flame tests, spectrum or gas tubes (H, He, Hg, Ne, O, etc), fluorescent lights, mercury vapor, or sodium streetlights (often found on campus). Each gas has a unique spectrum. Some spectroscopes have calibrated scales that allow spectral lines to be analyzed by wavelengths (measured in angstroms). Students may compare the detection of elements in space to bar codes used in product identification. Spectral studies of stars have also led to a greater understanding of the movement of stars and the expansion of the universe. To further develop this understanding, students may research assigned topics, such as the Doppler Effect, absorption spectra, bright-line spectra, red shift, blue shift, and the Hubble Space Telescope and record their findings in their science learning logs.

If a STARLAB Planetarium is available, the study of gas tubes using spectroscopes or diffraction grating in its dark environment greatly enhances the viewing of spectra.

Through class discussion, elicit student responses to the following questions:

· What does spectral analysis reveal about the composition and age of a star?

· What does spectral analysis reveal about a star’s movement with respect to Earth?

*Activity 49:  Hertzsprung-Russell Diagram (SI GLEs: 12, 13, 19; ESS GLEs:  36, 37)

Materials List: HR Diagram BLM, HR Star Data BLM, computer (1 for each student or student group), Internet access, computer projector (optional), HR Diagram Simulation BLM 

So much has been learned about the stars over the years that it became necessary to organize this information into a diagram that could easily be interpreted. The Hertzsprung-Russell Diagram classifies stars by various characteristics and makes comparing them relatively simple.

Part A: Students will create a data table using star data of nearby and/or bright stars found on the HR Star Data BLM. Next, they will create a scatter-plot graph on the HR Diagram BLM; the graph should be labeled “brightness” on the y-axis and “temperature” on the x-axis. This is a model of the HR Diagram; to check students’ graphs, use any HR diagram, which can be found in most textbooks. Students determine the correct placement of their star on the graph. (Four groups of stars should be formed. Students can use an open circle “o” to represent white and outline a yellow circle for yellow-white colored stars.)  Allow time for students to individually examine the data and look for any inferences and observations that they can make from the data. Then ask students, What do the groups have in common? How are they different? Where are the oldest stars? How is the color of the star related to its temperature and its age? What is the order of star colors in the main sequence? Why are supergiant, giant, and white dwarf stars not found in the main sequence? How does the life cycle of a star relate to where certain stars are found on the H.R. Diagram? Massive stars, such as the supergiants, eventually become neutron stars or possibly black holes and low mass stars reside in the main sequence and typically go through the order of colors. Students should understand that not all stars start their life cycles at blue. Some may start their life cycle as white, yellow, orange, or red. How does the Sun compare to other main sequence stars? Have students research what the letters of the mnemonic OBAFGKM (Spectral class) represent, and submit a written paragraph on their meaning. 

Part B: Students will observe the evolution of a star, which is largely determined by its initial mass. The computer simulation shows large stars burn their fuel fast and have short lives; similarly, small stars burn fuel slowly and last a long time. The Main Sequence is the expected relationship between temperature and luminosity (brightness). Students will be able to relate the initial mass of a star to its developmental stages and ultimate fate, especially as these relate to the Sun. To explore more about the evolution of stars, go to the HR Diagram Simulator at http://www.astro.ubc.ca/%7Escharein/a311/Sim/hr/HRdiagram.html. First, click the button labeled "100" one time to add one hundred stars to your diagram. The linear grouping that you see is called the Main Sequence. For the second set of questions, click on an individual blue star and write down its mass and main-sequence lifetime. To start the simulation, click on the button labeled "Evolve." Start the simulation again, but this time, click on an individual star and observe its luminosity as the simulation progresses.

Distribute the HR Diagram Simulation BLM to students. They can work independently on computers with Internet access in small groups of two, or this part of the activity can be completed as a whole class with a computer and projector.  There is a HR Diagram Simulation Key for the teacher’s use.
*Activity 50:  In This Little Corner (SI GLEs:  3, 14, 19, 29, 38, 40; ESS GLE: 32)

Materials List: teacher-selected research material, index cards, This Little Corner Rubric BLM, student-selected materials for model, Vocabulary Self-Awareness Chart 

Part A: Determine students’ prior knowledge of astronomy using the vocabulary self-awareness chart (view literacy strategy descriptions). Provide a list of words to students at the beginning of this part of the unit and have them complete a self-assessment of their knowledge of the words using the Vocabulary Self-Awareness Chart BLM. Do not give students definitions or examples at this stage. Ask students to rate their understanding of each word or law with either a “+” (understand well), a “(” (limited understanding or unsure), or a “-” (don’t know). Over the course of the readings and exposure to activities throughout the unit, students should be told to return often to the chart and add new information to it. The goal is to replace all the check marks and minus signs with a plus sign. Students will continually revisit their vocabulary charts to revise their entries, which will provide multiple opportunities to practice and extend their growing understanding of key terms related to stars. If after studying these key terms, students still have checks or minuses, the teacher should be prepared to provide extra instruction for these students. 

Part B: Note, this part of the activity is mostly completed outside of the classroom, and students should spend approximately two weeks completing their research.  In advance, prepare a set of cards identifying various solar system objects (a nebula, the Sun, planets, asteroids, meteoroids, moons, comets) that will be used to assign topics to student groups.

It is widely accepted that the solar system is approximately 4.6 billion years old.  In order for students to investigate further the ages of celestial bodies within the solar system,   each student team should draw a card from those prepared by the teacher and research the specific celestial body selected. Students have the opportunity to choose how they present their information: as a research report or to create a model. 

Students will first create a graphic organizer (view literacy strategy descriptions) such as a flow chart that shows clear, logical relationships between all topics and subtopics of their assigned body. Distribute This Little Corner Rubric BLM to students so that they may understand how their graphic organizer and presentation will be scored. Students should research using available teacher-selected resources and determine the order of formation of their body. Students should research how planetary exploration and the technology that has developed along with it have provided valuable evidence to support or negate the current theory of the solar system’s origin and how it is helping scientist make predictions about the future of our own planet. Students will prepare and present their information to the class—oldest to most recent—thus interpreting a timeline starting with the birth of the solar system to the present day.

Unit 6 Concept 4:  Space Technology

GLEs

*Bolded GLEs are assessed in this unit.

ESS 48 Communicate ways that information from space exploration and technological  

             research have advanced understanding about Earth, the solar system, and the  

             universe (ESS-M-C8) (Application)

ESS 49 Identify practical applications of technological advances resulting from space  

             exploration and scientific and technological research (ESS-M-C8) (Application)

SI 18
 Identify faulty reasoning and statements that misinterpret or are not supported by  

             the evidence (SI-M-A6) (Analysis)

SI 35
 Explain how skepticism about accepted scientific explanations (i.e., hypotheses and  

             theories) leads to new understanding (SI-M-B5) (Analysis)

SI 38
 Explain that, through the use of scientific processes and knowledge, people can solve   

             problems, make decisions, and form new ideas (SI-M-B6) (Application)

SI 39
 Identify areas in which technology has changed human lives (e.g., transportation,  

             communication, geographic information systems, DNA fingerprinting) (SI-M-B7)  

             (Comprehension)

SI 40
 Evaluate the impact of research on scientific thought, society, and the environment 

 (SI-M-B7) (Analysis)
	Key Concepts:

· Identify  the motivation for and value of space exploration 


	Vocabulary: 

· Technology 



	Assessment Ideas:

· See the assessment options at the end of this unit.

Activity Specific Assessments:


	Resources:

· Sky and Telescope Magazine. Accessible on line at: www.skyandtelescope.com
· Space-Based Astronomy Teacher’s Guide with Activities. National Aeronautics and Space Administration, 1994. Available online at http://www.latech.edu/ideaplace/nerc/space-based-astronomy/space_astronomy_teacher_guide_part_1.pdf.

· Spectroscope Construction. Available online at http://stardate.org/teachers/activities/spectroscope.html. http://www.opticsforkids.org/resources/6_Constructing_Spectroscope.pdf.

       http://home.earthlink.net/~mjkrech/ideas.htm


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 51:  Space Technology (SI GLEs: 18, 35, 38, 39, 40; ESS GLEs: 48, 49)

Materials List: teacher-selected research resources for space-related technology/inventions, Split-Page Notes BLM 

Galileo was the first to use a telescope to study the heavens and conclude that all celestial bodies, other than the Moon, do not orbit Earth. Throughout history, improvements in technology and achievements in astronomy have developed along parallel paths and have become intertwined. Students should understand that opposition to astronomical theories throughout history successfully changed thinking of the scientific community of the day. 

Discuss with the students observations of Mars made by Percival Lowell in the early 1900s. Have the students create a Venn diagram, a type of graphic organizer (view literacy strategy descriptions), to compare what Lowell theorized about Mars and what we know about it today. 

As students research the history of space exploration using teacher-selected resources, they should record important information in a split-page notetaking (view literacy strategy descriptions) format.  Model the approach by placing on the board or overhead sample split-page notes from the upcoming topic about inventions derived from space-related activities (see Split-Page Notes BLM).  Explain the value of taking notes in this format by saying it logically organizes information and ideas from multiple sources; it helps separate big ideas from supporting details; it promotes active reading and listening; it allows inductive and deductive prompting for rehearsing and remembering the information.  

Next, ask students to take split-page notes over a brief lecture you provide on a particular invention (VelcroTM is the example used on the Split-Page Notes BLM).  In advance, prepare a model of the information in split-page format.  Tell students to draw a line from top to bottom, approximately 2 to 3 inches from the left edge on a sheet of notepaper.  They should try to split the page into one third and two thirds.  After your lecture, have students compare their notes with a partner and then answer questions and provide clarification using your prepared model notes as a guide.  Show them how they can prompt recall by bending the sheet of notes so that information in the right or left columns is covered. Continue to periodically model and guide students as they take split-page notes and increase their effectiveness with this technique.  Your assessments should sample information that students should record in their split-page notes.  In this way, they will see the connection between taking notes in this format and achievement on quizzes and tests.

They will research the relationship between invention and discovery. Students will use their split-page notes to organize their research. As students compile their data, they will find that during the last 100 years, the split page notes will become very complicated and require more detail. Weather, communications, and military satellites should be included. Students may make predictions for the next 100 years. 

Research Project: Student groups will research inventions, prepare a report, and provide a presentation to the class of their space-related products resulting from new technology breakthroughs used in or developed because of the space program. Examples could include bar codes, satellite dishes, cordless tools, composite materials in sports equipment, Velcro™, smoke detectors, edible toothpaste, fire-fighting equipment, joysticks, invisible braces, shock-absorbing helmets, ski boots, thermal gloves and boots, toys, etc.

Unit 6 Assessment Options

Sample Assessments

General Guidelines

Assessment will be based on teacher observation/checklist notes of student participation in unit activities, the extent of successful accomplishment of tasks, and the degree of accuracy of oral and written descriptions/responses. Journal entries provide reflective assessment of class discussions and laboratory experiences. Performance-based assessment should be used to evaluate inquiry and laboratory technique skills. All student-generated work, such as drawings, data-collection charts, models, etc., may be incorporated into a portfolio assessment system.

· Students should be monitored throughout the work on all activities via a teacher observation of their work and lab notebook entries.

· All student-developed products should be evaluated as the unit continues.

· Students should be evaluated with a rubric. For some multiple-choice items on written tests, ask students to write a justification for their chosen response.

General Assessments

· The student will identify stars in order of color and temperature.

· The student will compare the inner and outer planets.

· The student will identify and sequence phases of the Moon.

· The student will use models of the Sun, Earth, and Moon to show their alignments during a solar and lunar eclipse.

· The student will model the angular alignments of the Sun, Earth, and Moon to demonstrate spring and neap tides.

· The student will create a diagram that illustrates the phases of the Moon associated with spring and neap tides.

· The student will explain why the Moon is the primary influence on the tides.

· The student will explain how and why the amount of energy received from the Sun varies during the year.

· The student will label a diagram showing the distances from Earth to the Sun at the beginning of each season.

· The student will describe the technological advances they would like to see developed in the next 100 years. What would be the effect of these technological advances on space exploration and travel?

· The student will use models to demonstrate how the angular alignments of Earth, the Moon, and the Sun causes phases, eclipses, and tides.

Activity-Specific Assessments

· Activity 42: The student will use cardstock models of the Sun, Moon, and Earth supported on a small piece of modeling clay to model correctly the angular positions of the Sun, Moon, and Earth during new Moon, First Quarter, Full Moon, and Third Quarter. The student will draw and label the model set-up he/she creates for each phase and identify the angles associated with each alignment (phase).

· Activity 45: The student will design a scale representation of the planets’ distances from the Sun that will fit on the top of a lab table or counter top in the classroom. The scale of distances may also be done on the classroom floor. The student will record the scale in a table and reflect on the correct units of SI measurement.

· Activity 46: Students should design a mobile that displays the major details of a planet in our Solar System using the information from the gallery walk. Use the Mission/Project Rubric BLM to assess the mobiles.
· Activity 49: Given the color of a star, the student will estimate its age, temperature, and position on the H-R diagram.  He/she will compare well-known stars, such as the Sun, Betelgueuse, Rigel, Arcturus, Antares, a white dwarf, and a red dwarf. Using information on the HR Diagram, the student will explain the differences between any two or more of the stars previously identified. Student responses will identify differences in brightness, temperature, and color among comparison stars.

Name/School_________________________________
Unit No.:_________________

Grade _______________
      Unit Name:_____________________________________________

Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
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8th Grade Science: Unit 6 – Astronomy and Space Exploration


