Iowa Core Mathematics

Sense-Making Activities

Description and Correlation
	Title:  Valve Stems

	Grade:  9-12

	Iowa Core Characteristics of Effective Instruction
	· Teaching for Understanding

· Rigor and Relevance 


	Iowa Core Standards for Mathematical Practice
	· Make sense of problems and persevere in solving them.

· Construct viable arguments and critique the reasoning of others.

· Model with mathematics.

	Iowa Core Standards for Mathematical Content: 

Grades K-8 Domain/Standards

Grades 9-12 
Conceptual Category/ Domain/Standards
	S-CP-8: (+) Apply the general Multiplication Rule in a uniform probability

model, P(A and B) = P(A)P(B|A) = P(B)P(A|B), and interpret the answer

in terms of the model.
S-CP-9. (+) Use permutations and combinations to compute probabilities of

compound events and solve problems.

	Sense-Making Activity
	In a trial in Sweden, a parking officer testified to having noted the position of the valve stems on the tires on one side of a car. Returning later, the officer noted that the valve stems were still in the same position. The officer issues a ticket for overtime parking. However, the owner of the car claimed he had moved the car and returned to the same parking place. Who was right? Use probability to justify your answer. (See explanation below – Compound Events in a Trial in Sweden)

Compound Events in a Trial in Sweden
In a trial in Sweden, a parking officer testified to having noted the position of the valve stems on the tires on one side of a car. Returning later, the officer noted that the valve stems were still in the same position. The officer noted the position of the valve stems to the nearest "hour." For example, in figure 7.26 [p. 332] the valve stems are at 10:00 and at 3:00. The officer issued a ticket for overtime parking. However, the owner of the car claimed he had moved the car and returned to the same parking place.
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The judge who presided over the trial made the assumption that the wheels move independently and the odds of the two valve stems returning to their previous "clock" positions were calculated as 144 to 1. The driver was declared to be innocent because such odds were considered insufficient—had all four valve stems been found to have returned to their previous positions, the driver would have been declared guilty (Zeisel 1968).

Given the assumption that the wheels move independently, students could be asked to assess the probability that if the car is moved, two (or four) valve stems would return to the same position. They could do so by a direct probability computation, or they might design a simulation, either by programming or by using spinners, to estimate this probability. But is it reasonable to assume that two front and rear wheels or all four wheels move independently? This issue might be resolved empirically. The students might drive a car around the block to see if its wheels do rotate independently of one another and decide if the judge's assumption was justified. They might consider whether it would be more reasonable to assume that all four wheels move as a unit and ask related questions: Under what circumstances might all four wheels travel the same distance? Would all the wheels travel the same distance if the car was driven around the block? Would any differences be large enough to show up as differences in "clock" position? In this way, students can learn about the role of assumptions in modeling, in addition to learning about the computation of probabilities.


Students could also explore the effect of more-precise measurements on the resulting probabilities. They could calculate the probabilities if, say, instead of recording markings to the nearest hour on the clockface, the markings had been recorded to the nearest half or quarter hour. This line of thinking could raise the issue of continuous distributions and the idea of calculating probabilities involving an interval of values rather than a finite number of values. Some related questions are, How could a practical method of obtaining more-precise measurements be devised? How could a parking officer realistically measure tire-marking positions to the nearest clock half-hour? How could measurement errors be minimized? These could begin a discussion of operational definitions and measurement processes.

(From: NCTM’s Principles and Standards for School Mathematics, pp. 332-333) 
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