Invert the Pyramid
Excerpt from Education 3.0, by james G. Lengel, Teacher’s College Press, 2012
 
A good way to understand the difference between the curricula of Education 2.0 and 3.0 is to invert the pyramid. Think of it as a difference in where the curriculum starts.
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In Education 3.0, the jumping-off point for study is a carefully-crafted, worthwhile, interdisciplinary problem -- a demand for students to apply many ideas and skills to a task at hand. Students start from the problem, which forms the tip of the pyramid. As they work through the problem, they are forced to work their way down to the rich depths of the pyramid, to learn the facts and concepts and skills they need to solve it. The problem seems pointed and focused, but underneath it lies an array of content that must be brought to bear in its solution. For an example of such a problem, read The Watershed, a case study in Appendix B.
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In Education 2.0, students begin at the wide end of the pyramid, absorbing (we hope) a mass of facts, concepts, and skills that may some day be applied to a worthwhile problem. Should they emerge from the bottom of the wide mass of the structure, and survive the descent to the point, they may be asked to apply what they have learned to a focused problem. But they seldom get this far.
 
In fact in both eras of education the curriculum is formed of a myriad of pyramids. In Education 3.0, they are defined by the problems at their tips, with their bases made up of blocks from many different subject areas. In Education 2.0, the pyramids are defined by subject, all the math blocks in one, the literature blocks in another, many short and tipless, lacking a unifying focus. The net volume of both sets of pyramids is about equal, and consist for the most part of the same blocks. But the architecture is very different.
 
Bungee  Jumping
Let’s examine this concept of the upside-down pyramid with some examples from the mathematics curriculum. We might call this, From Bungee Jumping to Differential Equations, or Turning Math Upside Down.

 
In his 1623 book The Assayer, Galileo wrote, 

Philosophy is written in this grand book, the universe, which stands continually open to our gaze. But the book cannot be understood unless one first learns to comprehend the language and read the characters in which it is written. It is written in the language of mathematics, and its characters are triangles, circles, and other geometric figures without which it is humanly impossible to understand a single word of it; without these one is wandering in a dark labyrinth.

 
Later pundits have summarized this to "The book of nature is written in the language of mathematics." And indeed for the last two thousand years humankind has been learning to read this book. Arab and Persian astronomers discovered the mathematics that determined the paths of the stars and invented a mathematical oration to explain when heavenly bodies would move, appear and disappear. Greek and Roman surveyors invented formulas and equations to help them bound and measure the extent of their empires. Philosophers of the enlightenment strove to explain and predict everyday occurrences through orderly systems of relationships.

 
Modern-day scientists and technicians made daily use of these discoveries and inventions when they harnessed the power of nuclear fission, predicted the path of the first rocket to the moon, and developed the GPS that tells you exactly where you are. Without mathematics, the vary nature of the man-made world would not be what it is. If God was a mathematician when she put the universe in motion, our species forms a class of active students, constructing and discovering the ancient language.

But somehow we have lost the sense of wonder and power that captivated and motivated the Arab astronomers, the Greek geometers, and the rocket scientists. We often teach mathematics as if is has no connection to nature. I watched some sixth-graders at a top flight school face a phalanx of long division problems -- dividing decimals, on paper, no explanation, no rationale for their connection with the real world. With glassy eyes and resigned countenances they plowed through the 40 relentless problems, and learned that math was a necessary chore with little application to or foundation in nature.

 
I worked with a community college that claimed only 10% of its freshmen were ready for college-level math, based on an entrance exam with 60 problems like these: 
Factor:
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Rewrite using only the sine function:
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Of the sixty items on the exam, only nine have any relationship with nature, such as:

56. A saline solution is 20% salt. How many gallons of water must be added to dilute the mixture to 8 gals of a 15% saline solution?



This severing of mathematics teaching and learning from nature and practicality is not a function of college level. Let's look at the 8th-grade exam required by a major northeastern state of all its students. Most of the questions on the test -- for which millions of students are being prepped every day -- are like this:
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Where's the drama of Galileo's dropping objects from the leaning tower? What happened to Newton's wonder at the fall of the apple? Where's the challenge of landing the rocket on the edge of the crater? 



At an inner-city high school in the same state, the principal confronted the high number of his students failing math in their first year. "Of only I could turn math upside-down, we could get them through it. Start with a practical problem, and learn the math as we work together to solve it. That's the way we want this school to work -- but the math curriculum gets in our way."



The Common Core math standards now being proposed do no better at reviving the link to nature and practicality. In Common-Core Math Standards Don't Add Up, Grant Wiggins shows how "there is not one word in the standards document about building curricula backward from rich, nonroutine, interesting, and authentic problems." (15)



The kind of math that this principal laments and the Common Core perpetuates is also not friendly to modern digital technologies. Students are not allowed to use common mathematical software tools when they take these tests, and the problems themselves are based on the kinds of paper-and-pencil tasks that mathematicians had to perform by hand before the advent of computers but seldom do any more. So there's little place for equation editors, graphing calculators, or geometric sketchpads in the teaching and learning of math in many schools. Even at schools where every student has a laptop in his backpack, math is often done on pencil and paper as it was a century ago.



How can we connect math back to its natural and practical origins, and take full advantage digital technologies as we teach and learn it? A few examples observed in forward-looking schools may suggest the right direction.



Tennis Launcher

The tennis team doesn't need it's practice ball launcher during 5th-period math. So the students set the angle, adjust the force, start the video recorder, and pull the lanyard. Pop, swoosh, and bop as the ball misses the trash-can target by 1.2 meters. Frame by frame they analyze the video clip, plotting the course of the ball with points on the cartesian plane laid over the video image. A pair of students downloads the coordinates of the points to a spreadsheet for further analysis, while another pair computes the initial velocity. "The closest curve-fit is parabolic, but the right half of the graph is off quite a bit from the perfect curve," reports the first pair. "We start off at 3 meters per second, but it drops pretty quickly as it reaches the top of the arc," reports the second.



Bungee Jumping

Armed with videos of human bungee-jumping, as well as a special apparatus they built in a corner of the gym, each small group of 12th-graders predicts the point at which the downward motion of the weight ceases. In order to do this accurately, they've had to learn to use differential equations, understand the acceleration of gravity (a second-order equation), and factor in the friction of the air. It's a complex prediction, with any possible paths to the truth. Each group plots its prediction with the graphing tools on their various laptops and mobile devices, runs and records the experimental apparatus, and reviews the digital video. The goal is to determine a mass that will stop falling just above the floor. (16)



Green Roof

The school roof needed replacement anyway, and the lowest bid came in at $153,000. The sixth graders are hard at work designing alternative roof systems more friendly to the environment than the rubber fabric proposed in the bid. One group designs a green roof, with rocks, grass, small bushes, and other natural features that conserve water and provide outdoor laboratory space for science experiments. They are developing their cost estimate. "We need a layer of gravel 2.5 centimeters deep across the entire eastern quadrant of the roof. How many square meters is that?" They do the calculations, multiplying and dividing decimals in rapid succession. They are thrown for a loop when their research finds that gravel is sold in cubic yards, not meters: more calculation, more math. "That puts us over $130,000, " reports the self-appointed accountant for the group.



How different from the flat page of long-division problems we began with. The approaches in these examples begin with a practical problem worth solving, one that requires certain math concepts and skills for its solution. The questions and the challenge are carefully designed by the teacher to require the learning and practice of the kinds of math the students need to learn. This is what the principal meant by turning the math curriculum upside down.



Have these students regained contact with the predictive and explanatory power of mathematics? Have they come to understand how it might help them get their work done, now and in the adult world? Have they shared a bit in the wonder and power that so impressed their ancient forbears? Have these schools moved toward Education 3.0?


OPS/images/pyramid2.png
<iom

ToEecu-on

Teve

Education 2.0





OPS/images/pyramid3.png
Problem

Education 3.0






OPS/images/Screen shot 2011-09-28 at 4.08.58 PM.png
S =x-T+2





OPS/images/Screen shot 2011-09-28 at 4.10.05 PM.png
6x +27x* ~105x =





OPS/images/Screen shot 2011-09-28 at 4.18.46 PM.png
What is the simplified form of the expression below?

8x6 — 6x3
22
A ad-3
B 4 -3
C 4 -3x
D 4 - 3x
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