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STANDARDS-BASED UNIT DESIGN TEMPLATE


	Teacher
	Jeff Jorgensen1, Nima Thananjeyan2, Brian Chambers3

	Subject and Grade Level
	Physical Science, 9-12

	School and District
	1Arroyo High School, San Lorenzo USD
2Logan High School, New Haven USD
3University Prep Academy, Santa Clara Unified

	Instructional Case
	Instructional Case Name:  Spectroscopy and the Electromagnetic Spectrum 
	Generative Question:  What can we learn from starlight?

	Content/Skills Being Addressed
	Science Content Standards
	ELA Standards
	Investigation/Experimentation
	21st Century Skills

	[Indicate standard #(s) and letter(s)]
	Chemistry 1a;  Physics 4e;  Earth Science 1a,2c, 2d, 2g
	Build academic vocabulary, Improve literacy,
	b, c, d, k, l
	Collaboration, Communication, Critical Thinking, Problem Solving,
Computer Simulations

	NASA Connections and Resources
	· Film clip about the EM Spectrum, NASA  

· The Electromagnetic Spectrum Activity Guide,  NASA

· Ritter Ultraviolet and Herschel Infrared Experiments, NASA

· Website for Star Data, University of Illinois,

 http://stars.astro.illinois.edu/sow/spectra.html#class 



	Estimated time duration of unit (in days)
	8 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/ 

	Chemistry - Atomic and Molecular Structure
1. The periodic table displays the elements in increasing atomic number and shows how periodicity of the physical and chemical properties of the elements relates to atomic structure. 

Physics - Waves 
4. Waves have characteristic properties that do not depend on the type of wave. 
Earth Sciences - Earth's Place in the Universe
1. Dynamic Earth Astronomy and planetary exploration reveal the solar system's structure, scale, and change over time. 
2. Earth-based and space-based astronomy reveal the structure, scale, and changes in stars, galaxies, and the universe over time. 


	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
	PROCESS SKILLS

(Investigation & Experimentation)

	Chemistry 1 a.  Students will relate the position of an element in the periodic table to its atomic number and atomic mass. 

Physics 4 e.  Students will understand spectroscopy by performing experiments which demonstrate the electromagnetic spectrum including radio waves, light, and X-rays of different wavelengths and know their speed in a vacuum is approximately 3×108 m/s (186,000 miles/second). 
Earth Science 1 a.  Students will identify and analyze spectra from the Sun to recognize the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium. 
Earth Science 2 c.  Students will indicate which elements were/are created in the Big Bang, stars and the supernova stage of stars, and the mechanism that produces them.
Earth Science 2 d.  Students will classify different types of stars in their life cycles and use visual, radio, and X-ray telescopic data to reveal those differences. 
Earth Science 2 g.* Students will explain how the red-shift from distant galaxies and the cosmic background radiation provide evidence for the “big bang” model that suggests that the universe has been expanding for 10 to 20 billion years. 
	b. Identify and communicate sources of unavoidable experimental error. 
c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

d. Formulate explanations by using logic and evidence. 

k. Recognize the cumulative nature of scientific evidence. 

l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 




	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)

Electromagnetic spectrum notes and template to fill.

Building an Electromagnetic spectrum activity.
 Lab: Herschel Infrared experiment and Ritter Ultraviolet experiment.
Diffraction grating activity with color puzzles.
Lab:  Observe and draw various gas emission spectra with spectroscopes.
Life cycle of stars and notes template fill in.

Mystery star activity
	Reference pages and/or weblinks:
· Film clip about the EM Spectrum, NASA  

· The Electromagnetic Spectrum Activity Guide,  NASA

· Ritter Ultraviolet and Herschel Infrared Experiments, NASA

· Website for Star Data, University of Illinois
http://stars.astro.illinois.edu/sow/spectra.html#class
Notes pages, Power point presentation
Chemistry 1 a.  Students will relate the position of an element in the periodic table to its atomic number and atomic mass. 
Physics 4 e.  Students will understand spectroscopy by performing experiments which demonstrate the electromagnetic spectrum including radio waves, light, and X-rays of different wavelengths and know their speed in a vacuum is approximately 3×108 m/s (186,000 miles/second). 
Earth Science 1 a.  Students will identify and analyze spectra from the Sun to recognize the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium. 
Earth Science 2 c.  Students will indicate which elements were/are created in the Big Bang, stars and the supernova stage of stars, and the mechanism that produces them.

Earth Science 2 d.  Students will classify different types of stars in their life cycles and use visual, radio, and X-ray telescopic data to reveal those differences. 

	Reference pages and/or weblinks:
All assessments will be scaffold using graphic organizers, writing/response templates, and front loaded vocabulary.
b. Identify and communicate sources of unavoidable experimental error. 
c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 
d. Formulate explanations by using logic and evidence. 

k. Recognize the cumulative nature of scientific evidence. 
l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 



	SUMMATIVE ASSESSMENT

(include rubrics/scoring guides)
Matching emissions spectra of particular elements to the spectrum of an actual star, to determine which elements are present.

	Reference pages and/or web links:

· The Electromagnetic Spectrum Activity Guide,  NASA

· Website for Star Data, University of Illinois,

http://stars.astro.illinois.edu/sow/spectra.html#class
Students will analyze emission spectra from particular elements and recognize the elements.
	Reference pages and/or weblinks:

Use the periodic table as a tool to observe and draw various gas emission spectra and use spectroscopes.




	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

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

	Chemistry 1 a.  Students will relate the position of an element in the periodic table to its atomic number and atomic mass. 

Physics 4 e.  Students will understand spectroscopy by performing experiments which demonstrate the electromagnetic spectrum including radio waves, light, and X-rays of different wavelengths and know their speed in a vacuum is approximately 3×108 m/s (186,000 miles/second). 
Earth Science 1 a.  Students will identify and analyze spectra from the Sun to recognize the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium. 
Earth Science 2 c.  Students will indicate which elements were/are created in the Big Bang, stars and the supernova stage of stars, and the mechanism that produces them.

Earth Science 2 d.  Students will classify different types of stars in their life cycles and use visual, radio, and X-ray telescopic data to reveal those differences. 
Earth Science 2 g.* Students will explain how the red-shift from distant galaxies and the cosmic background radiation provide evidence for the “big bang” model that suggests that the universe has been expanding for 10 to 20 billion years.
	Use the periodic table as a tool to study elements, observe and draw various gas emission spectra with spectroscopes.

Introduce Electromagnetic Spectrum


Light Notes/ Electromagnetic spectrum PowerPoint and notes template to fill in;    Build an Electromagnetic spectrum activity

Prism Labs:  Herschel Infrared experiment and Ritter Ultraviolet experiment(indirect discovery)
Introduce color and red and green filters


Diffraction grating activity and Color Puzzles (Gems)

Introduce Spectroscopy:   Detecting Elements and Molecules using Spectral “Fingerprints” PowerPoint 
Lab:  Observe and draw various gas emission spectra with spectroscopes
Introduce Life Cycle of Stars


Life cycle of stars PowerPoint and notes template fill in.
Possible Summative Activities:

1. Compare stellar spectra to individual elements to see if they are present in the star.

2. Jigsaw or group research project on different types of stars including:

Age, mass, color, size, future, spectra, location

(Need a way to get information to students for them to present to class.)




	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

Introduction of instructional case
What can we learn from starlight?
	DAY 2

Finish up the Electromagnetic spectrum power point


	EXPLORE
	
	Build electromagnetic spectrum activity
Collecting and grading lab reports 



	EXPLAIN
	Electromagnetic spectrum power point
NASA film clip

	

	EXTEND
	Think-pair-share-write


	Think-pair-share-write



	EVALUATE
	Check notes template on Electromagnetic spectrum
	Collect electromagnetic worksheet to grade


STEP 5 – (continued)

	ENGAGE
	DAY 3


	DAY 4



	EXPLORE
	Prism Labs:  Herschel Infrared experiment and Ritter Ultraviolet experiment(indirect discovery
	

	EXPLAIN
	
	Spectroscopy of elements Power point
Introduce Spectroscopy:   Detecting Elements and Molecules  using Spectral “Fingerprints” PowerPoint 



	EXTEND
	
	

	EVALUATE
	Herschel Infrared experiment lab report and Ritter Ultraviolet experiment lab report
Hands on activities to reinforce concepts.
Collect and check each student group’s work.


	Check notes template on Spectroscopy


STEP 5 – (continued)

	ENGAGE
	DAY 5


	DAY 6



	EXPLORE
	Diffraction grating lab 

Diffraction grating activity and Color Puzzles (Gems)


	Lab:  Observe and draw various gas emission spectra with spectroscopes



	EXPLAIN
	
	

	EXTEND
	
	CASE STUDY

	EVALUATE
	
	Collect lab report from the observation and drawings of various gas emission spectra with spectroscopes.




STEP 5 – (continued)

	ENGAGE
	DAY 7


	DAY 8



	EXPLORE
	
	

	EXPLAIN
	Life cycle of stars Power point
	Mystery star activity
Star group Jigsaw and research and report

	EXTEND
	
	

	EVALUATE
	Check notes template on life cycle of stars

	Jigsaw or group research project on different types of stars including:  age, mass, color, size, future, spectra, location




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

	LEARNING OBJECTIVES

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

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

	Chemistry 1 a.  Students will relate the position of an element in the periodic table to its atomic number and atomic mass. 

Physics 4 e.  Students will understand spectroscopy by performing experiments which demonstrate the electromagnetic spectrum including radio waves, light, and X-rays of different wavelengths and know their speed in a vacuum is approximately 3×108 m/s (186,000 miles/second). 
Earth Science 1 a.  Students will identify and analyze spectra from the Sun to recognize the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium. 
Earth Science 2 c.  Students will indicate which elements were/are created in the Big Bang, stars and the supernova stage of stars, and the mechanism that produces them.

Earth Science 2 d.  Students will classify different types of stars in their life cycles and use visual, radio, and X-ray telescopic data to reveal those differences. 
Earth Science 2 g.* Students will explain how the red-shift from distant galaxies and the cosmic background radiation provide evidence for the “big bang” model that suggests that the universe has been expanding for 10 to 20 billion years.
	Checking note templates for each power point and video

Think-pair-share-write

Collecting and grading lab reports 
Hands on activities to reinforce concepts
Collect and check each student group’s work.
Concept Mapping
Literary Exploration

Vocabulary front loading

Differentiated instruction

Building literacy and communication through the case study




