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Assignment 12: “You Being the Expert”
Keisuke Nishimoto
My recommendation is option 3, to use a new calculator with new curricula.  I do not think we actually need to invent or create something completely new for this – my proposal is to introduce abacuses into arithmetic education.  If a real abacus is not available, a computer simulator of the abacus would suffice our educational need.

I believe the abacus is an ideal tool available for arithmetic education.  Unlike hand-held calculators, the abacus is not a black box  inside which students have  no idea about what is going on.  Every operation that a student performs with an abacus is a part of basic arithmetic algorithms.    Therefore, getting used to an abacus means that the user has developed a mental model of such algorithms.  

Another benefit of the abacus is that it is actually a scaffolding tool with the possibility of fading in that a person who has mastered calculation with an abacus can still be an expert of mental arithmetic without the tool.  Some abacus experts can easily perform multiplication of 5 or more digits without any tool including an abacus.  Of course it is not the primary objective of arithmetic education to make students such an expert, but it is quite a contrast to hand-held calculators in that students who only know calculation using such devices would have hard time to perform calculation without them.  

Now let me consider the benefits and deficits of each option.  

Option 1 looks like a very straightforward solution.  I do not think using hand-held calculators is a special skill to be learned in school, and thus it might make sense if the purpose of arithmetic education is to let students understand the principle algorithms of arithmetic.  However, this approach simply ignores the possibility of improving arithmetic education.  Some students may experience hard time to understand the principles of calculation, and it may degrade the motivation of these students.  Another possible problem would be that students may waste their time by calculating everything by hand even after they master the skills.  The purpose of arithmetic education should not be to make them an expert of hand calculation.

Option 2 solves the second problem I described above.  After mastering the principles of calculation, students will be able to focus on more advanced topics by letting devices take over the burden of hand-calculation.  However, the first problem still persists.  Students still have to master the calculation skills without scaffold.  We may also have a problem when judging whether a student has acquired the skills.

Option 3 is expected to solve both problems.  Apparently mastering how to use an abacus still requires some amount of practices, but it is less conceptual than hand-calculation because an abacus is in a sense a visualization tool of the concept of the number.  With proper instruction for how to use an abacus, students can learn how to perform arithmetic calculation not by brain but by hand with visual feedback, and I assume it is less challenging for most of students than understanding arithmetic as a conceptual task.  Once students acquire the skills, they can still perform calculation without using an abacus, as described above.  These two properties of an abacus constitute the conditions for scaffolding. 

This approach is also not flawless;  if we were actually to introduce abacuses in school, there may arise a logistical problem of training for teachers.  Besides while an abacus is good for simple arithmetic calculation such as addition, subtraction, multiplication and division, it cannot calculate more complicated scientific functions such as root and trigonometric functions.  For those calculations, an abacus will not help students understand their principles. 

If we stick to my definition of the purpose of arithmetic education to let students understand the principles of calculation, option 4 is not really addressing to the problem.  My point is that basic arithmetic understanding is a too essential skill to put its responsibility on machines instead of humans.  I agree on the idea that we need to establish new divisions of responsibilities between humans and machines as the technology advances, but without fundamental intelligence on the side of humans, we would not be able to put any responsibility neither on machines.  I believe basic arithmetic skills are the fundamental ones necessary to remain in humans.  Perhaps this argumentation should be discussed for higher level of education – for example whether we should let high school students memorize the periodic table.
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