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Purpose:  Culminating (summative) assessment for high school classes.

Vermont Framework Standards: 

Inquiry 7.1
Students use scientific methods to describe, investigate, explain phenomena, and raise questions in order to:

• Generate alternative explanations — hypotheses — based on observations and prior knowledge;

• Design inquiry that allows these explanations to be tested;

• Deduce the expected results;

• Gather and analyze data to compare the actual results to the expected outcomes; and

• Make and communicate conclusions, generating new questions raised by observations and readings.

Matter, Motion, Forces, and Energy 7.12

Students understand forces and motion, the properties and composition of matter, and energy sources and transformations.

Vermont Grade Expectations:  Science and Math

GE S9-12: 18 (Half-Life) Students demonstrate their understanding of Nuclear Change

by…Explaining the concept of half-life and using the half-life principle to predict the approximate age of a material (See Half-Life Investigation on VI website). Science Concepts: a. Radioactive decay occurs at a predictable rate (half-life) which allows radioactivity to be used for estimating the age of materials that contain radioactive substances.

GE S9-12: 2 (Predicting)  AND HYPOTHESIZING by… Developing a testable/guiding hypothesis and predictions based upon evidence of scientific principles. AND  Predicting results (evidence) that supports the hypothesis. AND  Clearly distinguishing cause and effect within a testable/ guiding hypothesis.
 
GE S9-12: 5 (Representing Data)   Students demonstrate their ability to REPRESENT DATA

by… Representing data quantitatively to the appropriate level of precision through the use of mathematical calculations. AND  Developing the skill of drawing a “best fit” curve from data. AND Recording accurate data, free of bias AND Avoiding plagiarism/fabrication of other recorded research

GE MHS: 7 Estimates and evaluates the reasonableness of numerical  computations and solutions, including those carried out with technology.

GE MHS:22 Demonstrates conceptual understanding of equality by solving linear equations, systems of two linear equations, or problems using tables, graphs, algebraic manipulation, or technology.
GE MHS:25 Organizes and displays data using scatter plots, histograms, or frequency distributions to answer questions related to the data, to analyze the data to formulate or justify conclusions, make predictions, or to solve problems; or identifies representations or elements of representations that best display a given set of data or situation, consistent with the representations required in MHS: 23.  (IMPORTANT: Analyzes data consistent with concepts and skills in MHS:24.)

GE MHS:27 27For a probability event chooses an appropriate probability

model/simulations and uses it to estimate a theoretical probability for a chance event and uses the concept of a probability distribution to determine whether an event is rare or reasonably 

likely.
GE MHS:30Demonstrate understanding of mathematical problem solving and communication by: •Approach and Reasoning—The strategies and skills used to solve the problem, and the reasoning that supports the approach; • Execution—The answer and the mathematical work that supports it; • Observations and Extensions—Demonstration of observation, connections, application, extensions, and generalizations; • Mathematical Communication—The use of mathematical  vocabulary and representation to communicate the solution; and • Presentation—Effective communication of how the problem was solved, and of the reasoning used
Materials and Administrative Notes
1. Each student or group would need the following equipment:


1 covered box


100 pennies or other item with head and tails (back and front)


Calculator


Pencils-two different colors
2. You will be collecting and pooling class data.  Make sure you have a place in the classroom to do it.

Scenario:

Rebecca and her friend Bob both spent their summer vacations in different locations.  Rebecca enjoyed her vacation in Hawaii with relatives, while Bob vacationed hiking in Iceland.  Both were planning to take a Geology course in the fall semester and collected a variety of rock samples from both locations.  

In a discussion, Bob decided that his rocks are older than Rebecca’s rocks.  Yet, neither have proof of their specimens’ ages.  In conversation they recalled that carbon-14 is used to date organic remains because of its relatively short half life of 5730 years. They decided to do some research and discovered that radioactive dating of rocks is done using the isotope of Potassium-40 which has a much longer half-life. They found half-life to be defined as the amount of time it takes for one half of a given amount of a radioisotope to decay to a stable state.  

They realized that the probability of tossing a penny and it landing a head or tail is 50/50 which could represent a half life, Rebecca and Bob developed the following activity to help them better understand the term half-life and investigate the question: Who has the older rocks?
Question/Task #1:

Suppose 100 pennies are placed heads up in a box, covered, and shaken vigorously. Using your knowledge of probability, how many pennies do you predict would remain heads up?  Explain your thinking.

Depth of Knowledge: Webb Level 1

Grade Expectation: S 9-12: 2; MHS 27

Pre-requisite knowledge: Two-outcome probability

Expected (correct) student response: 50 heads up pennies remaining

Score Guide: 

1 point: Knowledge of some heads and some tails

1 point: Knowledge of 50/50 probability

Students do the following experiment.

Materials for the Experiment

· 1 Box with cover
· 100 pennies (with heads & tails)
· Calculator
· Pencil
· Pencil with a second color
Procedure for the Experiment

1. Place all 100 pennies inside the box, heads up.

2. Cover the box and shake vigorously for about 5 seconds.

3. Open the box count, record, and remove all pennies that are now tails.

4. Count and record the number of pennies remaining heads up.

5. Repeat steps 2-5, four more times only with remaining heads each time. Each shake represents 1 half-life. (Do Not return any pennies into the box)

Question/Task #2:
Use the space provided to organize your data into an appropriately labeled table. (There is a space provided on the student version.
Depth of Knowledge: Webb Level 2
Grade Expectation: S 9-12: 5; MHS 25

Pre-requisite knowledge: data organization in table format with rows/columns; knowledge of abscissa, coordinate orientation

Expected (correct) student response: Students should organize the data in rows/columns with appropriate heading analysis and appropriate title.
Score Guide: 

1 point: Data is accurately entered in column/row fashion with appropriate title and labels.
1 point: Data is in column/row fashion with appropriate dimensional analysis.
Question/Task #3:

Using the axes below, develop a graph showing the relationship between the heads remaining and the number of tosses.  (Axis are provided in the student version.)
Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 5; MHS 22

Pre-requisite knowledge: Graphing and coordinate systems

Expected (correct) student response: Graph should depict a typical inverse relationship

Score Guide:

1 point: Graph is appropriately labeled on x and y axis with correct graduations 
1 point: Data is plotted correctly

1 point: If data points are connected by a sweeping line (curve) vs. straight line

1 point:  Graph is titled appropriately 
Question/Task #4:

Pool your data with the other groups to obtain a class average for each half-life. On the same graph, using a different color, plot the class average.
Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 5; S 9-12: 6; MHS 22

Pre-requisite knowledge: Averaging, comparing relationships and communication skills

Expected (correct) student response: Graph should show that the “average” of each half life is a slightly better fit for inverse proportionality.

Score Guide: 

1 point: Class data is plotted correctly and using a best fit curve
Question/Task #5:

How does your data result compare with your prediction? Explain.
Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 2; S 9-12: 7; MHS 25

Pre-requisite knowledge: Ability to analyze patterns

Expected (correct) student response: Student response comparing individual prediction vs. outcome

Score Guide:
1 point: Student cites data to compare and conclude accuracy of prediction.  

With further research Rebecca discovered the following half-life information.

	Radioisotope
	Half-life

	Bpolonium-215
	0.0018 seconds

	Iodine-131
	8.07 days

	Radium-226
	1600 years

	Carbon-14
	5730 years

	Potassium-40
	1.25 billion years

	Uranium-238
	4.5 billion years


Question/Task #6:

If in a given sample of Rebecca’s rock there was 12.5% of the original Potassium-40, how many half-lives has her rock incurred? Explain your reasoning.
Depth of Knowledge: Webb Level 1

Grade Expectation: S 9-12: 18; MHS 7

Pre-requisite knowledge: Knowledge of term half-life; division skills; proportional reasoning skills

Expected (correct) student response: Students should display math skills involving 100/2 = 50/2 = 25/2 = 12.5 for 3 half life’s.

Score Guide:

1 point: Student uses correct approach but does not compute to 3 half-lives

1 point: Student responds correctly and shows work of 3 half-lives.

Question/Task #7:

A given sample of Rebecca’s rock  initially contained 185mg of  Potassium-40 and now contains 46.25mg. How old is her rock in years?  Explain your reasoning.
Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 18, MHS 7

Pre-requisite knowledge: knowledge of term half-life and division skills

Expected (correct) student response: Student should demonstrate 

185/2 = 92.5/2 = 46.25, which is 2 half-lives.  Then, multiply the number of half-lives (2) by 1.25 billion years.  The answer is 2.5 billion years old.
Score Guide:

1 point: Student uses correct approach but does not compute to 2 half-lives

1 point: Student responds correctly and shows work of 2 half-lives.

1 point: Student actually calculates the age of each rock specimen by multiplying #of half lives, 

             times length of one half life of Potassium – 40.

Question/Task #8:

A given sample of Bob’s rock initially contained 465mg of Potassium-40 and now contains 58.125mg. How old is his rock in years?  Explain your reasoning.
Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 18, MHS 7

Pre-requisite knowledge: knowledge of term half-life and division skills

Expected (correct) student response: Students should demonstrate 

465/2 = 232.5/2 = 116.25/2 = 58.125 or 3 half-lives.  Then, multiply the number of half-lives (3) by 1.25 billion years.  The answer is 3.75 billion years old.

Score Guide
1 point: Student uses correct approach but does not compute to 3 half-lives

1 point: Student responds correctly and shows work of 3 half-lives.

1 point: Student actually calculates the age of each rock specimen by multiplying #of half lives,

             times length of one half life of Potassium – 40.  
Question/Task #9:

Whose rock specimens are actually older? Explain your thinking.

Depth of Knowledge: Webb Level 2

Grade Expectation: S 9-12: 18; MHS 22

Pre-requisite knowledge: Knowledge of comparison of data and drawing a conclusion.

Expected (correct) student response: Bob’s rock is older because Bob’s rock specimen has incurred 3 half-lives compared to Rebecca’s only 2; therefore Bob’s specimen is 3.75 billion years old while Rebecca’s is only 2.5 billion.

Score Guide:

1 point: Student knows which specimen is older

1 point: Student knows why that specimen is older.

Question/Task #10:

Using the ages of Rebecca’s and Bob’s rocks, predict which island is older.  Explain your reasoning.  
Depth of Knowledge: Webb Level 3

Grade Expectation: S 9-12:2; S 9-12:18; S 9-12:8; MHS 30

Pre-requisite knowledge: Knowledge of half-life.

Expected (correct) student response: Because Bob’s specimen is older than Rebecca’s it could be presumed that Iceland was formed 1.25 billion years before Hawaii.

Score Guide:

1 point: Student responds knowing Iceland is older, Hawaii younger

Question/Task #11:

Why do you think they used the radioactive decay rate of Potassium-40 rather than the rate of Carbon-14?
Depth of Knowledge: Webb Level 3

Grade Expectation: S 9-12: 2; S 9-12: 18; S 9-12: 8; MHS 30

Pre-requisite knowledge: Knowledge of half-life and inferring changes in error associated to data pool

Expected (correct) student response: Due to Carbon-14’s much shorter half-life, minute traces of parent atoms would be present reducing the sample size, and therefore increasing the margin of error in age estimation as compared to Potassium-40.  
Score Guide:

1 point: Recognizing Carbon-14’s half-life is much shorter than Potassium-40’s

1 point: Understands the relationship of percentage of error associated to smaller measurements due to range of tolerance of instruments.

Question/Task #12:  

Using a periodic table, determine the type of radioactive decay that  Potassium – 40 goes through when converted into chlorine 38.  Exactly what type of subatomic particles are ejected from the nucleus of the potassium –40 atoms during this process?

Depth of Knowledge:  Webb level 3

Grade Expectation: S 9-12: 17

Pre-requisite knowledge: Knowledge of half-life, and types of radioactive decay such as alpha, and beta decay.

Expected (correct) student response: Potassium –40 when converted to chlorine – 36 has lost a total of four mass particles (amu’s) therefore has undergone an alpha decay process.

Score Guide:

2 points for knowledge about the number of particles that are ejected during alpha or beta decay. 

Question/Task #13:

 Exactly what types, and how many of each  subatomic particles are ejected from the nucleus of the potassium –40 atoms during this process?

Depth of Knowledge:  Webb level 3

Grade Expectation: S 9-12: 17

Pre-requisite knowledge: Knowledge of half-life, types of radioactive decay such as alpha, and beta decay, and the composition of those ejected particles.

Expected (correct) student response: Potassium –40 when converted to chlorine – 38, has undergone an alpha decay process, and an alpha particle is composed of two protons, and two neutrons.

Score Guide:

1 point: for knowledge about the types of subatomic particles being protons and neutrons.

1 point: for knowledge that two of each type of particle, is ejected.










