Lesson and Activity Overview

	Lesson
	Activity
	Lesson Description
	Core Investigations
	Other Investigations
& Modifications
	Tools For Reasoning
	Formative Assessment
	Media and other VTTs
	Required Materials

	Core 1
	1
(20 min)
	Unit Pre-assessment
	
	 
	 
	 
	 
	Pre-Assessment

	
	2
(30 min)
	My Ideas About Plant Growth: Students share their ideas to question: What things add mass or do not add mass to a growing plant? The class considers 3 possible explanations by Alex, Blake and Carmen, and then "votes" on which they think is best. Class then uses process tool to describe initial ideas about plant growth and what plants do with the materials they need.
	 
	 
	
	Embedded Formative Assessment
	
	Computer to Project
Public space to record ideas
Worksheet My Ideas About Plant Growth

	 
	3
(60 min)
	Investigation 1, Plant Growth: Students set up Plant Growth investigation by planting radish seeds in vermiculite, placing some seeds in dark and some in light, and harvesting seeds over the course of 2 weeks. The investigation is designed so that students collect data on mass change of plant material and soil material in both light and dark at Day 7 and Day 14 leading to discussions of where mass comes from and goes during photosynthesis and respiration. 
	Mass Change in Plants (light and dark).

Mass Change in Soil
	Modification: Eliminate dark condition if not covering respiration.

Modification: Complete as whole class to reduce supplies required.
	 
	 
	 
	Vermiculite, Radish Seeds
Aluminum utility cups
Handi-wipe "wicks"
Digital Scale, Paper bags
Lamp, Dehydrator/Oven
Handout Plant Growth Investigation-Procedures
Worksheet Investigating Plant Growth, Parts 1 & 2

	 
	4
(40 min)
	Investigation 1, Accounting for Results with Claims, Evidence, and Reasoning: Students reconsider their From Seed to Plant evidence and make claims about where plants get their mass. They discuss whether the evidence supports their claims and look closely at what their data on soil mass change tells them about whether this is a major source of mass for plants. Students revisit process diagrams about plant growth in light of their new evidence.
	 
	 
	Process Tool
	Embedded Formative Assessment
	Plant VTTs PPT
	Computer to project
From Seed To Plant results
Worksheet Investigating Plant Growth, Part 3

	 
	Opt
(20 min)
	Optional Investigation, Water and Plant Biomass Demonstration: Teacher uses a sponge and clump of vermiculite to discuss how water contributes to plant biomass. Both materials are soaked in water and then students predict the mass change that will happen once the sponge and vermiculite are dried (after 1 week). Students learn about water as an inorganic material contributing mostly to short-term mass changes.
	 
	 
	 
	 
	 
	Sponge
Vermiculite
Digital Scale
Sunny window/Dehydrator

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Core 2
	1
(20 to 35 min)
	Packed with Chemical Energy: Teacher poses the question: What are plants actually made of? Teacher shows students the nutrition label for peas, corn, and lima beans, all of which are primarily carbohydrates. Students examine nutrition labels and note that carbohydrates are the primary material in a seed--sugar, starch, fiber--with some protein and fat.
	 
	 
	 
	 
	
	Worksheet A Big Job For Little Seeds

	
	Opt

(50 min)
	Optional from Animal Unit: Materials in Food: (Consider doing this activity if you are doing plants before animals.) Students examine common foods and materials that we take inside our bodies and look for patterns across nutrition labels. They read and discuss a handout on materials in food, then they complete a worksheet using nutrition labels to analyze different foods. Students sort the materials into "organic matter with chemical energy" or "inorganic matter, no chemical energy". Students discuss the atoms and bonds that help them make this distinction.
	
	
	
	
	
	Materials from Animals unit:

Handout Nutrition Label Packets
Worksheet Exploring Food Labels
Reading What Makes Up Our Food
Handout: Comparing food molecules (optional)

	 
	2
(20 min)
	Zooming Into Plants PowerPoint: Teacher reminds students that they found most plants are made of different carbohydrates--sugars, starch, fiber. The teacher uses a PowerPoint to zoom into a plant to show plant cells and plant molecules, focusing on locating plant systems on different scales. The teacher also zooms into a seed. Using the PowerPoint and molecular model of glucose to show students that carbohydrates (and proteins/fats) are carbon-based and have C-C and C-H bonds.
	 
	Modification: Stain seeds and plant parts for starch and other substances
	Power of Ten 
	 
	Zooming Into A Plant PPT
	Computer to project
Molecular models (optional)

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Core 3
	1
(30 min)
	Handout, Worksheets, and Discussion, A Dirty Job: Students first review their own seed investigation results. Then students complete a short activity looking at secondary data sets from van Helmont and others, looking for key findings about inputs to plant growth, and comparing against what they found in their own investigations.
	 
	 
	 
	Embedded Formative Assessment
	
	Handout Famous Studies of Plants
Worksheet A Dirty Job

	 
	2
(15 min)
	Handout and Worksheet, What Does It Give To Plants: Students examine the molecules (atoms) that make up the things that plants need. Students must decide what type of atoms the material supplies to plants.
	 
	 
	 
	 
	 
	Handout: Nutrients For Plants
Worksheet: What Does It Give To Plants

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Core 4
	1
(25 min)
	Investigation 2, Something in the Air, Initial Explanation and Predictions: Students express their ideas about what happens to the air around plants as they gain mass. Students use the Process Tool as a way to make predictions about what will happen to the air around plants in a closed container.
	 
	 
	 
	 
	
	Computer to project

Worksheet There’s Something in the Air, Part 1

	 
	2
(30 min)
	Investigation 2, There's Something In The Air, Observations: Students make observations of an investigation that targets CO2 gas being taken in by plants in light and given off by plants in the dark. Students link these observations of CO2 gas to mass changes in plants. Investigations include the use of BTB indicator and soda lime but could be replaced with the use of CO2 probe (or video of probe) if available.
	CO2 measurement around plants in light and dark.
	Modification: Eliminate dark condition if not covering respiration.

Modification: Use CO2 probe or video of probes whenever possible.
	 
	 
	 
	Worksheet There’s Something In The Air, Part 2
Extra radish plants 
BTB indicator, Soda Lime
Airtight containers & Petri dishes, Digital scale

Options:
Elodea and BTB
CO2 probe or video of probe

	 
	3
(30 min)
	Investigation 2, There’s Something in the Air, Accounting for Results with CER: Students make claims about where plants get mass and what plants are doing with CO2 using evidence from the previous investigation. Students revisit process diagrams in light of their new evidence.
	 
	 
	 
	Embedded Formative Assessment 
	
	Worksheet There’s Something In The Air, Part 3

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Core 5
	1
(30 min)
	PowerPoint, Reading, and Worksheet, What Is Photosynthesis? Students complete a reading and/or PowerPoint slides where teacher presents a scientific model for plants grown in the light. Students compare this model against their evidence.
	 
	 
	Process Tool
Powers of Ten
	 
	Plant VTTs PPT
	Computer to project
Reading What Is Photosynthesis?
Worksheet: Photosynthesis: What's It All About?, Parts 1, 2 and 3

	 
	2
(25 min)
	Molecular Models, Worksheet, and Handout, Modeling Photosynthesis: In small groups students model the process of photosynthesis, conserving atoms. Activity concludes with talking about where carbon atoms come from. Teacher ends the lesson by posing the questions about how matter and energy change during photosynthesis.
	 
	 
	 
	 
	 
	Handout Modeling Photosynthesis Instructions
Molecular Model Kits

	
	
	
	
	
	
	
	
	

	Core 6
	1
(50 min)
	PowerPoint and Worksheet: Biosynthesis: Students may wonder more about how plants make different materials. The teacher shows different molecules found in plants--sugars, starches, fibers. Using molecular models or the Plant VTTs PPT, the teacher demonstrates how plants build larger molecules.
	 
	 
	 
	 
	Plant VTTs PPT
	Computer to project

Worksheet Biosynthesis, Parts 1, 2, and 3

	 
	Opt
(30 min)
	Optional Potato Poster activity: Students use a poster of a potato plant to trace the origins and movements of essential materials for biosynthesis (sugar, water, soil minerals) through a potato plant and describe how cells in different parts of the plant use biosynthesis to grow and divide.
	
	
	
	
	
	Worksheet How is Food Used in Plants?

Worksheet Telling a Starch Story

	 
	Opt
(30 min)
	Optional Paperclip Biosynthesis Activity: Students use paper clips from the Animals unit to model biosynthesis in plants.
	
	
	
	
	
	Colored paper clips from Animals unit

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Opt CR Lesson
	Opt

1
(25 min)
	Optional Review Evidence for Plants in Dark: Students review their evidence for plants in the dark and write explanations for what is happening to the mass. Teacher uses process diagrams to help students construct explanations about how matter and energy change in plants in the dark and in seeds.
	 
	 
	Process Tool
	 
	Plant VTTs PPT
	From Seed To Plant results
Computer to project
Worksheet When Seeds and Plants Lose Mass

	 
	Opt

2
(30 min)
	Optional Germinating Pea Seed Demonstration: Students make observations that germinating seeds give off CO2 regardless of whether they are in the light or dark. A demonstration with soda lime shows that gases given off by the seeds actually can add mass over time, so seeds are losing mass to the air.


	CO2 measurement around germinating seeds
	Modification: Can use CO2 probe if available
	 
	 
	 
	Worksheet The Air Around Seeds, Parts 1, 2 and 3
Germinating Pea Seeds
BTB Indicator, Soda Lime
Airtight containers/ Flasks, Digital Scale

Options:
CO2 Probe (or video)

	 
	Opt

3 
(25 min)
	Optional Reading about Cell Respiration: Teacher presents a scientific model of cell respiration to the class through a reading and/or PowerPoint, filling in the process tool if any gaps remain. 
	 
	 
	Process Tool
Powers of Ten
	Embedded Formative Assessment
	Plant VTTs PPT
	Reading What Is Cellular Respiration in Plants?
Worksheet How Do Plants Use Glucose?

	 
	Opt 
(25 min)
	Optional Modeling the Process: Students complete a modeling activity focusing on tracing atoms through the process of cellular respiration.
	 
	 
	 
	 
	 
	Handout Modeling Cellular Respiration Instructions
Molecular Model Kits

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Core 7
	1

(45 min)
	Application Activity 1: Examples of Photosynthesis, Biosynthesis, and Cellular Respiration
	
	
	Process Tool
	
	
	Worksheet Application: Examples of Photosynthesis, Biosynthesis, and Cellular Respiration 

	Optional 7
	2

(45 min)
	Optional Application Worksheet: What’s the Carbon Trend? Explaining the Keeling Curve
	
	
	
	
	
	Worksheet What’s the Carbon Trend? Explaining the Keeling Curve

	Optional 7
	3
(45 min)
	Optional Application Worksheet and Discussion: How Many Trees Do I Need?
	 
	 
	 
	 
	 
	Daily Activity slips
Worksheet How Many Trees Do I Need?


