5E Lesson Plan




	Lesson Title: Measuring Smarties and Graphing with Hand Graphing

	Subject area / course / grade level: Chemistry (5-8 grade)

	Introduction:  
Density:   The density of a substance is calculated by dividing a given mass of that substance by the volume. When measuring the mass of water at different volumes, the data can be plotted on a graph.  The graph will show a linear relationship between mass and volume and the slope of the line will represent the density of water.  Once this line is plotted, data can be gathered for other substances.  If the line for another substance is lower than the data for water, then that substance will float.  If the line for another substance is higher than the data for water, then that substance will sink.  
     When measuring the volume of candy such as Smarties, there is an appreciable amount of error due to the air space between the pieces of candy.  Plotting the mass and volume data for the normal candy pieces indicates that it will float due to the large error.  
     Grinding the candy before measuring the mass and volume will provide a more accurate density value. The plotted data for the ground candy indicates that it will sink.  



	Lesson Length: 2-5 hours

	Materials: (for each team of 3/4 students)
· 1 baggie of about 300 mL of Smarties
· 1 baggie of about 300 mL of ground Smarties
· 1 measuring cup with milliliter markings
· 1 plastic spoon
· 1 white board with markers
· Graphing paper
· 1 digital balance that measures mass up to 400 grams

	Lesson Overview:  Students are going to investigate how mass, volume and density are related by graphing mass and volume data for water, Smarties candy and ground Smarties candy.

	Tennessee Standards:
CLE 3221.Inq.2  Design and conduct scientific investigations to explore new phenomena, verify 
previous results, test how well a theory predicts, and compare opposing theories. 
CLE 3221.Inq.4  Apply qualitative and quantitative measures to analyze data and draw conclusions that are free of bias. 
CLE 3221.Inq.5  Compare experimental evidence and conclusions with those drawn by others. 
CLE 3221.Math.2 Utilize appropriate mathematical equations and processes to solve chemistry problems. 
SPI 3221.Math.3 Interpret graphs that depict real-world phenomena. 
3221.Math.3  Apply algebraic properties, formulas, and relationships to perform operations on real-world problems (e.g., solve for density, determine the concentration of a solution in a variety of units: ppm, ppb, molarity, molality, and percent composition) calculate heats of reactions and phase 
changes, and manipulate gas law equations. 
SPI 3221.Math.1 Use real numbers to represent real-world applications (e.g., slope, rate of change, probability, and proportionality). 
SPI 3221.Math.2 Perform operations on algebraic expressions and informally justify the selected procedures. 
SPI 3221.Math.3  Interpret graphs that depict real-world phenomena. solution in a variety of units: ppm, ppb, molarity, molality, and percent composition) calculate heats of reactions and phase 
changes, and manipulate gas law equations
SPI 3221.Math.5  Use concepts of mass, length, area, and volume to estimate and solve real-world problem
3221.Math.8  Apply and communicate measurement units, concepts and relationships in algebraic problem-solving situations.
SPI 3221.Math.4  Apply measurement unit relationships including Avogadro’s number, molarity, molality, volume, and mass to balance chemical equations. 
SPI 3221.Math.5  Use concepts of mass, length, area, and volume to estimate and solve real-world problems.measurement units, concepts and relationships in algebraic problem-solving situations. 
3221.Math.10  Select, construct, and analyze appropriate graphical representations for a data set. 

	Lesson objective(s):
1. Students will be able to describe, in words, the definition of density.
2. Students will be able to hypothesize and explain how mass and volume for a specific substance are related.
3. Students will use data to analyze the relationship between variables
4. Students will transform numerical measurements into graphical representations.
5. Students will demonstrate the ability to calculate the density of different substances.

	ENGAGEMENT:
Give each group a different volume of water (50mL, 100mL, 150mL, 200mL and 250 mL) and have them measure the mass.  (Note:  if you have more than five groups, then increase the amounts by 25mL instead of fifty).  Each group needs to record their data on a white board.  One person from each group will bring their data to the front of the room.  Ask the class to put the data into some type of pattern.  Keep asking them to find a new pattern until they organize the data from lowest volume to highest volume.  

Questions:  
1. How much does the mass change when then volume of water changes by 50 mL?  
2. What is the meaning behind the idea that a change of 50 mL results in a change of mass of 50 grams?
3. What do you think a graph of this data would look like?

Provide a large scale graph on the floor with the grid marks about two feet apart.  Have each person holding a white board find their position on the graph.  


 

	EXPLORATION:

Ask the students to record the Mass and Volume values in a Data Table.  
Have each student graph the Mass and Volume values using the graphing paper.
Using the either slope formula, have students calculate and record the slope of the data.
Using the density formula, have students calculate the density of water.



	EXPLANATION:  
Provide students with the definition of density, the formula and work a sample problem using density. Have students work a sample problem using density.  Show that a substance with a data set on the graph lower than that of water will float in water and a substance with a data set higher than water will sink.  

	ELABORATION:
Give each group a bag of normal Smarties candy.  Give each group a different volume of candy (50mL, 100mL, 150mL, 200mL and 250 mL) and have them measure the mass.  Student should record their data on their white board and one person from each group should bring their board to the front of the room.  
Questions
1. Is there a pattern with the Mass and Volume values of the candy?
2. How much does the mass of the candy change when the volume changes by 50mL?
3. What do you think the graph of this data will look like?

Have each student copy the Mass and Volume data for the candy into a data table.
Have each student plot their new data on the same graph with the water data.  Have each student calculate and record the slope of the new line. 

From their data, have each group predict whether the candy will sink or float.  (Note:  because of the air spaces between the candy, the students should predict that the candy will float.) After the predictions, allow each group to test a piece of candy.  After observing the candy sinking, ask each group to white board the reasons for why the graph predicted the candy would float, but that it actually sinks.

Questions:
1. Where is the error in the measurement?
2. How does the air between the pieces affect the change in mass for every 50mL change in volume?
3. What should be done to reduce this error?

Give each group a baggie of ground up candy.  Give each group a different volume of candy (50mL, 100mL, 150mL, 200mL and 250 mL) and have them measure the mass.  Student should record their data on their white board and one person from each group should bring their board to the front of the room.  
Questions:
1. Is there a difference in the data?  What has changed?

Have each student copy the Mass and Volume data for the candy into a data table.
Have each student plot their new data on the same graph with the water data.  Have each student calculate and  record the slope of the new line. 

From their data, have each group predict whether the candy will sink or float.  (Note:  The data should indicate that the candy will sink.

Questions:
1. How does the measurement error of volume affect the graph?  The density value?
2. How does the information in this lab relate to a metal ship?


	EVALUATION:
The evaluation of this lab is based on the quality of their lab write up.  In conclusion, students will be required to write out and explain the relationship between density, mass and volume.  They will be asked how the graph of an object that floats differs from the graph of an object that sinks in water.  They will be asked how an error in measuring the correct volume affects the density value.  If the volume measurement is larger than the actual volume, how does that affect the density value?  Which density value is more accurate, the one with normal candy or the one with the ground up candy?  What evidence supports this decision?




