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STANDARDS-BASED UNIT DESIGN TEMPLATE


	Teacher
	Tom Collett, Nancy Krajcar

	Subject and Grade Level
	Earth Science:  9-12

	School and District
	Newark Memorial High School, Newark Unified School District
Olympic Continuation High School, Mount Diablo Unified School District

	Instructional Case
	Instructional Case Name: 
Catastrophic Impact Events
	Generative Question:

Is Earth doomed to suffer a catastrophic impact event?

	Content/Skills Being Addressed
	Science Content Standards

	Investigation/Experimentation


	[Indicate standard #(s) and letter(s)]
	High School Earth Science 1.f.; 1.b
	1.d, 1.g, 1.h, 1.i, 1.m

	NASA Connections and Resources
	http://ares.jsc.nasa.gov/education/activities/expmetmys/expmetmys.htm, http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Exploring.the.Moon.html
http://neo.jpl.nasa.gov/risk/,
Various NASA imaging


	Estimated time duration of unit (in days)
	6 days


	STEP 1 – Identify the specific grade-level standard that is being addressed (the numbered standard, i.e., #1, 2, 3, etc.).

URL access to California Standards: http://www.cde.ca.gov/be/st/ss/ 

	STANDARD SET 1. Earth’s Place in the Universe (Solar System) 
1. Astronomy and planetary exploration reveal the solar system’s structure, scale, and change over time.  As a basis for understanding this concept: 
1. f. Students know the evidence for the dramatic effects that asteroid impacts have had in shaping the surface of planets and their moons and in mass extinctions of life on Earth. 
1. b. Students know the evidence from Earth and moon rocks indicates that the solar system was formed from a nebular cloud of dust and gas approximately 4.6 billion years ago. 




	STEP 2 – What are the learning objectives (Science = lettered standards, i.e., a, b, c, etc.) for both content knowledge and process skills (Investigation & Experimentation)?

	CONTENT KNOWLEDGE
Lesson 1:  What processes have shaped the surface of our moon and the Earth?
· Students will model cratering by dropping objects of different masses (weights) into sand at different velocities and recording the pattern of and shapes of the craters to help in understanding the physical evidence for impact cratering on the moon. They will analyze and explain how the moon’s surface represents a sequence of craters from impact events.  
· Students will model the effects of surface weathering of crater structures on Earth and infer the frequency of impacts on Earth.
Lesson 2:  What are impactor sources in our Solar System?  Has Earth been hit often in the past?
· Students will diagram 4 major impact sources (NEOs, Asteroid belt, Kuiper belt, and the Oort cloud) and link impact cratering to normal accretion processes at the formation of the solar system. Using Google Earth overlay they will investigate major impact locations on Earth.
Lesson 3: What are possible results of a major impact event?
· Students will compare data from various Earth craters to distinguish the impact crater that caused mass extinctions at the end of the Cretaceous.
Lessons 4 and 5: Is Earth in danger from impacts now?
· Students will formulate and describe risks after:
· viewing video clips and reviewing readings on near misses
· using on line impact models to analyze effects of an impact of various Near Earth Objects. 
Lesson 6:  Should society be taking action to mitigate impact risks?  Is it worth the cost?
· Students will formulate and communicate their own evidence based opinion of NEO monitoring or mitigation funding to government representatives. 


	PROCESS SKILLS

(Investigation & Experimentation)
1.  Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other four strands, students should develop their own questions and perform investigations. Students will: 

d. Formulate explanations by using logic and evidence. 
g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 

i. Analyze the locations, sequences, or time intervals that are characteristic of natural phenomena (e.g., relative ages of rocks, locations of planets over time, and succession of species in an ecosystem). 

m. Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. 
21st Century Skills

Grasping and using printed information

Technology literacy

Time management
Critical thinking and problem solving

Speaking to be understood

Logically grasping and thinking through issues

Getting ideas across in writing



	STEP 3 – Using your state-adopted instructional materials Assessment Guide, select appropriate formative and summative assessments you will use to test student mastery of the learning objectives.

	
	CONTENT KNOWLEDGE
	PROCESS SKILLS

(Investigation & Experimentation)

	FORMATIVE ASSESSMENT
(include rubrics/scoring guides)
Lesson 1:  Lab write-up and summary 
Lesson 2:  Diagram of impactor sources and quickwrite
Lesson 3:  Activity write-up – students correctly identify the crater of the impact that marked the end of the Cretaceous. 
Lesson 4:  
Lesson 5:  Analysis of results of Earth impacts of existing NEOs
 
	Reference pages and/or weblinks:
Lesson 1:  
Need weblink to final lab activity
Lesson 2:  

Google Earth overlay of terrestrial impact craters

http://www.thinklemon.com/pages/ge/
Need weblink to ppt vocabulary and minilecture sources of impactors

Weblink to quickwrite rubric
Lesson 3:  
Bill Nye video clip on KT boundary

KT event video clip http://video.google.com/videoplay?docid=-1226636845358052872#
Lesson 4: 
NOVA video clip on near miss….

http://www.pbs.org/wgbh/nova/space/asteroid.html
link to minilecture PowerPoint
Lesson 5:  

Earth impactor database

http://www.unb.ca/passc/ImpactDatabase/index.html
Torino scale

 http://neo.jpl.nasa.gov/risk/
link to activity worksheets

	Reference pages and/or weblinks:


	SUMMATIVE ASSESSMENT

(include rubrics/scoring guides; can be embedded in unit)
Lesson 6:
Students will write to government representatives of their choice to support their opinion using scientific evidence:

Should funding for asteroid detection be increased?

Should funding for asteroid deflection be increased?
	Reference pages and/or weblinks:

(Specific, including keys, scoring guides, etc.)

Link to scoring guide
	Reference pages and/or weblinks:
(lab activity, etc.)

Reference pages:




	STEP 4 – Using recommended activities in your state-adopted instructional materials, select appropriate hands-on/minds-on lessons you will use to provide relevant experiences that lead to student mastery of the learning objectives.

	LEARNING OBJECTIVES

(Cut and paste from Step 2)
	HANDS-ON/MINDS-ON LESSONS

	Lesson 1:  What processes have shaped the surface of our moon and the Earth?
· Students will model cratering by dropping objects of different masses (weights) into sand at different velocities and recording the pattern of and shapes of the craters to help in understanding the physical evidence for impact cratering on the moon. They will analyze and explain how the moon’s surface represents a sequence of craters from impact events.  
· Students will model the effects of surface weathering of crater structures on Earth and infer the frequency of impacts on Earth.
Lesson 2:  What are impactor sources in our Solar System?  Has Earth been hit often in the past?
· Students will diagram 4 major impact sources (NEOs, Asteroid belt, Kuiper belt, and the Oort cloud) and link impact cratering to normal accretion processes at the formation of the solar system. Using Google Earth overlay they will investigate major impact locations on Earth.
Lesson 3: What are possible results of a major impact event?
· Students will compare data from various Earth craters to distinguish the impact crater that caused mass extinctions at the end of the Cretaceous.
Lessons 4 and 5: Is Earth in danger from impacts now?
· Students will formulate and describe risks after:
· viewing video clips and reviewing readings on near misses
· using on line impact models to analyze effects of an impact of various Near Earth Objects. 
Lesson 6:  Should society be taking action to mitigate impact risks?  Is it worth the cost?
· Students will formulate and communicate their own evidence based opinion of NEO monitoring or mitigation funding to government representatives. 


	Crater Lab
Solar System Impactors

Impactor Effects

Impactor Modeling

Summative Assessment


	STEP 5 – What is the instructional sequence for these activities that will establish a conceptual flow to ensure student mastery of the learning objectives?  Each box represents one day within your instructional unit.  Using the 5E Instructional Model (Engage, Explore, Explain, Extend, Evaluate), specify the sequential assessments (Step 3) and activities/lessons (Step 4) that provide the daily choreography for this instructional unit.


	ENGAGE
	DAY 1
T:  Show photos or Google moon:  Why does the surface of the moon look the way it does?  Why does the surface of the Earth appear different?
TPS


	DAY 2



	EXPLORE
	Cratering Lab:  students determine that moon’s surface struck by repeated objects.
Include question:  What is the dominant feature of the moon’s surface.


	

	EXPLAIN
	
	PowerPoint Mini-lecture:  
· Vocabulary

· Sources of impactors
Students complete drawing of sources of impactors

	EXTEND
	
	Students view http://www.thinklemon.com/pages/ge/
and relate moon surface to Earth’s surface.
TPS:  what is different on Earth than on moon? (atmosphere, weather and erosion)

	EVALUATE
	
	Quick write:  Has Earth been hit as often as the moon?



STEP 5 – (continued)

	ENGAGE
	DAY 3
Bill Nye clip:  Discovery of the KT boundary

	DAY 4

Will Earth be hit by a major impactor like in the movie Armageddon?  Can our human civilization be affected by comets and asteroids?

	EXPLORE
	KT crater activity
	Reading selection / Quickwrite

NOVA video clip on near miss….

http://www.pbs.org/wgbh/nova/space/asteroid.html

	EXPLAIN
	http://video.google.com/videoplay?docid=-1226636845358052872#
KT asteroid hit video


	Teacher reviews: http://neo.jpl.nasa.gov/risk/
· Torino scale for typical asteroids

· Frequency/effect of impacts

	EXTEND
	
	

	EVALUATE
	Completed activity worksheet
	


STEP 5 – (continued)

	ENGAGE
	DAY 5


	DAY 6



	EXPLORE
	
	

	EXPLAIN
	
	PowerPoint Minilecture: 

Current national budget 

NEO detection goals/unfunded mitigation programs.

	EXTEND
	Students use 2 on line impact calculators and NEO data to determine results of various impacts.  After completing worksheet, students post results.  TPS, class discussion.

http://simulator.down2earth.eu/#

	

	EVALUATE
	Quickwrite:  Students summarize current impact hazard.
	Letter to congressman, senator regarding budget for asteroid detection/deflection.




STEP 5 – (continued)

	ENGAGE
	DAY 7


	DAY 8



	EXPLORE
	
	

	EXPLAIN
	
	

	EXTEND
	
	

	EVALUATE
	
	


STEP 5 – (continued)

	ENGAGE
	DAY 9


	DAY 10



	EXPLORE
	
	

	EXPLAIN
	
	

	EXTEND
	
	

	EVALUATE
	
	


	STEP 6 – What are the research-based instructional strategies you will use to support student-centered learning?

	LEARNING OBJECTIVES

(Cut and paste from Step 2)
	RESEARCH-BASED INSTRUCTIONAL STRATEGIES

(EL, ELA, Assessment, Inquiry, etc.)

	Lesson 1:  What processes have shaped the surface of our moon and the Earth?
· Students will model cratering by dropping objects of different masses (weights) into sand at different velocities and recording the pattern of and shapes of the craters to help in understanding the physical evidence for impact catering on the moon. They will analyze and explain how the moon’s surface represents a sequence of craters from impact events.  
· Students will model the effects of surface weathering of crater structures on Earth and infer the frequency of impacts on Earth.
Lesson 2:  What are impactor sources in our Solar System?  Has Earth been hit often in the past?
· Students will diagram 4 major impact sources (NEOs, Asteroid belt, Kuiper belt, and the Oort cloud) and link impact cratering to normal accretion processes at the formation of the solar system. Using Google Earth overlay they will investigate major impact locations on Earth.
Lesson 3: What are possible results of a major impact event?
· Students will compare data from various Earth craters to distinguish the impact crater that caused mass extinctions at the end of the Cretaceous.
Lessons 4 and 5: Is Earth in danger from impacts now?
· Students will formulate and describe risks after:
· viewing video clips and reviewing readings on near misses
· using on line impact models to analyze effects of an impact of various Near Earth Objects. 
Lesson 6:  Should society be taking action to mitigate impact risks?  Is it worth the cost?
· Students will formulate and communicate their own evidence based opinion of NEO monitoring or mitigation funding to government representatives. 


	English Language Support

Direct Vocabulary Instruction 

Use of groups/pair shares and rehearsal time before responding
Faux random questioning

Use of visuals

Use of manipulatives
Graphic organizers to assist students in identifying the main idea and some supporting details of text and oral presentations
Sentence starters to encourage use of expanded vocabulary in written responses to and presentations. 

Scaffolded capstone project with format frame including outline to write expository solution that includes a main idea and detailed evidence.



