Vending Machine	HE008 scoring rubric
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Number/Quantity�
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�
�
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�
�
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�
�
�
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Chance/Data�
�
Arrangement�
�
�
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Math Actions (possible weights: 0 through 4)
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Modeling/Formulating�
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Manipulating/Transforming�
�
�
�
�
�
�
�
�
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Inferring/Drawing Conclusions�
4�
Communicating�
�
Math Big Ideas


�
�
Scale�
�
Reference Frame�
�
Representation�
�
�
�
�
�
�
�
�
�
�
�
Continuity�
�
Boundedness�
�
Invariance/Symmetry�
�
�
�
�
�
�
�
�
�
�
(�
Equivalence�
�
General/Particular�
�
Contradiction�
�
�
�
�
�
�
�
�
�
�
�
Use of Limits�
�
Approximation�
�
Other�
�
�
�
�
�
�
�
�
�
An optimal procedure for dispensing United States coins would be to start with the largest denomination (quarters) and give as many as possible without going over the total amount, then proceed in the same way with each smaller denomination (dimes, then nickels, then pennies). For example, to give 97 cents of change, a machine would first dispense three quarters, leaving 22 cents; then two dimes, leaving 2 cents; no nickels; and finally two pennies.


As anyone with a jar full of pennies must realize, one often receives two, three, or even four pennies as change. In a person-to-person transaction of $1.01, many customers would pay an extra penny to avoid receiving 99 cents of change including 4 pennies, but they might not think to do this with a vending machine. The reason for the preponderance of pennies is that the ratio between the value of a penny and that of the next highest coin is 1:5. By contrast, the nickel-dime ratio is 5:10 or 1:2, and the dime-quarter ratio is 10:25 or 1:2.5.


Arguably, a new coin would be best positioned where there is the biggest ratio between existing denominations, so perhaps a 2- or 3-cent coin would be useful. On the other hand, it has been suggested that the penny has decreased in value to the point that it should be phased out, leaving the nickel as the smallest coin. Also, there have also been proposals to replace the dollar bill with a dollar coin (as has already been done in Canada).


While there are benefits to reducing the ratios between denominations, there is a disadvantage from a change-making perspective in having coins that are too close together. As noted in 3, the largest-to-smallest procedure does not always result in the minimum number of Generica coins. The essential difficulty is the closeness of the 3 unitus and 4 unitus denominations. To work optimally, a machine might dispense quarters in the usual way, then have a table for looking up the best way to dispense each amount from 1 through 24 unitus. Students should generate this table and observe any patterns that appear.





One way to improve the Generica coin system might be to introduce a denomination such as 10 unitus (to close the large gap between 4 unitus and 25 unitus), and eliminate either the 3 unitus or the 4 unitus coin. 











�
Things to consider in scoring the Vending Machine project





For all student work, pay particular attention to:


How carefully the student describes the change making procedures: does the method uniquely specify how change will be given for any amount of change that could be needed?


Whether the change making procedures are optimal: is the number of coins dispensed always minimal? (For the coin system in question 3, it is a challenging task to ensure this.)


Whether the student’s exposition indicates an awareness of the optimality issue, even if this hasn’t been achieved in all cases.


Whether the student makes justifiable arguments to support recommendations for reform (in response to questions 2 and 4).


Some students may examine the optimality of more than one change making procedure, or the merits of various alternative coinage reforms.


A few students may explore in greater detail what it is about the coin system in question 3 that gives it the unusual property described in the question, and attempt to develop general criteria for checking whether a coin system is of this type.
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