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                   Brassy basics yield a golden education.

   Though, thankfully, education (and the need to improve it) is a hotly-debated topic as we approach the presidential elections, the solutions proposed by the candidates to improve education are mostly superficial and theoretical than truly practical.  The catastrophic erosion of our national educational system and standards must be reversed if we are to maintain our international standing and sustain our 

high-tech-oriented economy.  

     As a physics educator, I see firsthand the unnecessary deficiencies that our students must cope with and overcome if they are to succeed in the sciences - let alone other fields.  

     One of the most pressing problems pertains to a lack of mathematics preparation.  Many high schools require less and less math and science courses to ensure that students can finish. 

     Math is a fundamental avenue of communication and thought for scientists and engineers.  Though natural phenomena can often be explained without mathematics, ultimate career success in science or engineering cannot occur without a significant mastering of mathematics.  Often, in science courses, too much emphasis is placed on the use of calculators as a crutch without encouraging thought about the meaning of the numbers that are being manipulated.  Receiving erroneous answers like 1.8 x 10-18 molecules for the total number of water molecules in the Earth's oceans does not register with many students as being wrong and why.  

     Too often, there is a focus on getting an answer and not thinking about its significance or even looking at the answer.  Instead of being concerned with deriving equations and being able to predict qualitative/limiting/approximate behavior from them, students are directed to merely "plug in" numbers into a formula to get an answer.  What is memorized for a test is forgotten days later. 

     Schools should be wary of overemphasizing high technology (such as computers) and its ability to solve problems for students when basic/fundamental skills such as mathematics or writing and spelling ability have not yet been fully developed in their students.

     When I teach my physics courses, I try to minimize the use of a calculator by working out calculations on the board - step by step – instead of just presenting finished results.  I can often perform the mathematics (with liberal approximations) faster than the students can on the keyboards of their "thinking" machines and they thus see that it is often easier and faster to do the math in your head or on paper than by blindly punching buttons.  

     Though it is important to have seen and used formulae, nothing is gained without actually understanding the meaning of the equations and being able to derive them at will.  I frequently comment that physicists don't have to remember but a few fundamental formulae because they can derive everything else.  Physics can never be properly appreciated solely by equations but rather from the magnificent insights about nature provided by those equations (e.g. E=mc2 teaches us that energy and mass are equivalent).  

     I prefer to use variables in my formulae as well as real numbers because abstraction tantalizes the imagination and concepts are more readily visualized this way.

     Too often, educators have little patience or time for students' questions.  As a result, students are often hesitant to ask questions.  I think that this is terrifying.  Questions are one of the key indicators of how well students are following the professor's lecture.  Some of the "simplest" questions have generated Nobel Prizes as progenitors of great ideas.  To me no question can ever be too trivial and I make every effort to reward and answer inquisitiveness - the key to all science. 

     No course in science or engineering can ever be complete without an adequate laboratory.  Here, students who have learned the material first in lecture from a theoretical standpoint can see firsthand the practical application of their knowledge in the real world and believe with their eyes what was taught to them in lecture.  Performing experiments allows students to improve their intuitive sense and connection with their natural environment and the experimental/practical skills gained (e.g. using an oscilloscope) may be someday invaluable and sought-after in their future careers.  Sadly, the laboratory programs in many learning institutions in our nation are often the most neglected due to inadequately trained faculty, prohibitive cost, breakdown of equipment not readily replaced or repaired due to insufficient technical support, and lack of interest amongst students.  

     Instead of being viewed as a golden opportunity to further master material and gain practical skills, labs are seen (and presented) as chores necessary to pass courses.  Labs are too often "cookbook" and boring in style, and do not stimulate the independent and creative thinking process.

     I have presented some examples among many that illustrate the "dumbing down" of many science and engineering programs in our nation which should be cause for alarm.  America (and the American economy) is currently predominant as a "superpower" precisely because of the high level of technology that it is able to produce and invent - which few other nations can match.  If we cannot train our own students to think independently and creatively, our nation will lose its creative "edge" and we will pay dearly for the ignorance of future generations.  

     Knowledge is like a living organism that needs education to preserve it.  Though mastering science and math is challenging, it is not impossible.  It is time for our national priorities to be oriented toward encouraging proper education and interest in science and math.  Instead of focusing on memorization and rote, we must titillate the minds and imaginations of students by challenging them, fostering creativity and independent thought, and instilling deep understanding in the eternal quest for knowledge.  That should be the American way.
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