[bookmark: _GoBack]Why Johnny Can’t Add Without a Calculator
Technology is doing to math education what industrial agriculture did to food: making it efficient, monotonous, and low-quality.
By Konstantin Kakaes
If you learn how to multiply 37 by 41 using a calculator, you only understand the black box. You’ll never learn how to build a better calculator that way.
When Longfellow Middle School in Falls Church, Va., recently renovated its classrooms, Vern Williams, who might be the best math teacher in the country, had to fight to keep his blackboard. The school was putting in new “interactive whiteboards” in every room, part of a broader effort to increase the use of technology in education. That might sound like a welcome change. But this effort, part of a nationwide trend, is undermining American education, particularly in mathematics and the sciences. It is beginning to do to our educational system what the transformation to industrial agriculture has done to our food system over the past half century: efficiently produce a deluge of cheap, empty calories.
I went to see Williams because he was famous when I was in middle school 20 years ago, at a different school in the same county. Longfellow’s teams have been state champions for 24 of the last 29 years in MathCounts, a competition for middle schoolers. Williams was the only actual teacher on a 17-member National Mathematics Advisory Panel that reported to President Bush in 2008.
Williams doesn’t just prefer his old chalkboard to the high-tech version. His kids learn from textbooks that are decades old—not because they can’t afford new ones, but because Williams and a handful of his like-minded colleagues know the old ones are better. The school’s parent-teacher association buys them from used bookstores because the county won’t pay for them (despite the plentiful money for technology). His preferred algebra book, he says, is “in-your-face algebra. They give amazing outstanding examples. They teach the lessons.”
The modern textbooks, he says, contain hundreds of extraneous, confusing, and often outright wrong examples, instead of presenting mathematical ideas in a coherent way. The examples bloat the books to thousands of pages and disrupt the logical flow of ideas. (For instance, the standard geometry book for Fairfax County, which is used in schools around the country, tries to explain what a mathematical point is by analogy to pixels on TV screens, which are not in fact point-like.) Teachers at other schools in the county have told him that they would rather use the old books, too, but their principals would kill them. Other teachers have told me the same about new technologies—they, like Williams, think the technologies are ineffectual, but lack his courage to oppose them.
According to an October 2011 report, 89 percent of high school math teachers think their students are ready for college-level mathematics. But only 26 percent of post-secondary teachers think the students are ready once they get there.
This shortfall in mathematical preparation for college-bound students has existed for a long time, but it is being exacerbated by the increased use of technology. College-level math classes almost never use graphing calculators, while high-school classes invariably do. College professors want their students to understand abstract concepts; technology advocates claim their products help teach students such abstractions, but in practice they simply don’t.
Math and science can be hard to learn—and that’s OK. The proper job of a teacher is not to make it easy, but to guide students through the difficulty by getting them to practice and persevere.  “Some of the best basketball players on Earth will stand at that foul line and shoot foul shots for hours and be bored out of their minds,” says Williams. Math students, too, need to practice foul shots: adding fractions, factoring polynomials. And whether or not the students are bright, “once they buy into the idea that hard work leads to cool results,” Williams says, you can work with them.
Educational researchers often present a false dichotomy between fluency and conceptual reasoning. But as in basketball, where shooting foul shots helps you learn how to take a fancier shot, computational fluency is the path to conceptual understanding. There is no way around it.
The fight between those who seek a way around hard work (a “royal road to geometry,” in Euclid's famous phrase), and those who realize that earned fluency is the only road to understanding goes back millennia and became particularly acrimonious in America in the last half-century in the so-called math wars. On one side are education researchers like Constance Kamii, at the University of Alabama, who argues that teaching children to add and subtract is harmful. This camp says it has insights into the way children learn that warrant departure from traditional ways of teaching math. On the other side is the consensus of working scientists and mathematicians as well as teachers like Williams, who notes that it took very smart adults thousands of years to develop modern mathematics, so it makes sense to teachit to students rather than get them to “discover” it themselves.
What is new to this fight is the totalizing power of technology. A 2007 congressionally mandated study by the National Center for Educational Evaluation and Regional Assistance found that 16 of the best reading and mathematics learning software packages—selected by experts from 160 submissions—did not have a measurable effect on test scores. But despite this finding, the onslaught of technology in education has continued. The state of Maine was the first to buy laptops for all of its students from grades seven to 12, spending tens of millions of dollars to do so, starting with middle schoolers in 2002 and expanding to high schools in 2009.
The nation is not far behind. Though no well-implemented study has ever found technology to be effective, many poorly designed studies have—and that questionable body of research is influencing decision-makers. Researchers with a financial stake in the success of computer software are free to design studies that are biased in favor of their products. (I’m sure this bias is, often as not, unintentional.) What is presented as peer-reviewed research is fundamentally marketing literature: studies done by people selling the software they are evaluating.
For instance, a meta-analysis of the effectiveness of graphing calculators from Empirical Education Inc. reports a “strong effect of the technology on algebra achievement.” But the meta-analysis includes results from a paper in which “no significant differences were found between the graphing-approach and traditional classes either on a final examination of traditional algebra skills or on an assessment of mathematics aptitude.” In that same paper, calculators were marginally helpful on a tailor-designed test. The meta-analysis included the results of the specially made test, but not the negative results from the traditional exam.
Despite the lack of empirical evidence, the National Council of Teachers of Mathematics takes the beneficial effects of technology as dogma. There is a simple shell game that goes on: Although there is no evidence technology has been useful in teaching kids math in the past, anyone can come up with a new product and claim that this time it is effective.
Though serious empirical research fails to show any beneficial effects of technology, it also doesn’t demonstrate any harm. The emphasis on technology is in part damaging because of its opportunity cost, both in effort on the part of policymakers and in terms of money. It also distracts from the real problem: teachers who don’t understand enough about math or science. This has been a problem for a long time.
[bookmark: return]A report earlier this year from Michigan State University showed that K through eight teachers with no math specialization (the vast majority—more than 90 percent of K through six teachers and more than two-thirds of sixth- to eighth-grade teachers) got only half the questions right on a base-line test meant to see whether they knew the material they were supposed to be teaching.* The good news is that most teachers are aware of their own limitations: Only about 10 percent of the nonmath specialization K through eight teachers said they were “confident to teach all topics” in math.
The real shortfall in math and science education can be solved not by software or gadgets but by better teachers. Programs like Wu’s can make more teachers more like Williams. That’s where efforts should be focused, not on imagined technological solutions, which obscure more than they reveal.
In this, the new Common Core standards for math, which were adopted with lightening speed by 45 states and Washington, D.C., fall short. They fetishize “data analysis” without giving students a sufficient grounding to meaningfully analyze data. Though not as wishy-washy as they might have been, they are of a piece with the runaway adaption of technology: The new is given preference over the rigorous.
Computer technology, while great for many things, is just not much good for teaching, yet. Paradoxically, using technology can inhibit understanding how it works. If you learn how to multiply 37 by 41 using a calculator, you only understand the black box. You’ll never learn how to build a better calculator that way. Maybe one day software will be smart enough to be useful, but that day won’t be any time soon, for two reasons. The first is that education, especially of children, is as much an emotional process as an imparting of knowledge—there is no technological substitute for a teacher who cares. The second is that education is poorly structured. Technology is bad at dealing with poorly structured concepts. One question leads to another leads to another, and the rigid structure of computer software has no way of dealing with this. Software is especially bad for smart kids, who are held back by its inflexibility.
John Dewey, the father of American education reform, defined miseducative experiences as those that have “the effect of arresting or distorting the growth of further experience.” “Growth,” he wrote, “depends upon the presence of difficulty to be overcome by the exercise of intelligence.” The widespread use of computer technology is inimical to the exercise of intelligence. I fear this is no more than shouting into the wind, but resist it while you can, because once it gets locked in—as our food system is, to monocultures and antibiotics in factory farms—it will be even tougher to get away from.
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Math + culture = gender gap?

Researchers have all but debunked the idea that girls are innately worse at
‘math than boys. But psychologists have identiied other factors that might
setgirls back

By Beth Azar
July/August 2010, Vol 41, No. 7
Print version: page 40

We've come a long way since the days when 19t century mathematician Sophie Germain's parents confiscated her candles to
Keep her flom studying mathematics because it was considered “unsuitable” for a woman. But the long-standing debate over
gender differences in mathematics is alive and well, and continues to be a lively topic within psychology.

Most experts agres that f gender diferences do exist,they are small and likely to affect specific areas of mat skill athe highest
end of the spectrum — and there’s no indication that women cannot succeed in mathematically demanding fieds. Stil, women
continue to be underrepresented in math, science and engineering-related careers, and there's evidence that girs can lose
ground in math under certain circumstances.

‘One factor inhibiting girls is seff-confidence, says University of Wisconsin psychologist Janet Hyde, PhD. “Even when girls are
getiing better grades, boys are more confident in math. It important to understand what might be sapping girls' confidence.”

And thatlack of self-assurance likely stems from culture, research suggests. After reviewing decades of research on gender
differences, Comell University psychologists Steven Ceci, PhD, and Wendy Wiliams, PhD, conclude that while there's probably
‘some genetic basis for small difierences between the sexes in math and spatial abilty, culture plays by far the bigger role in men
and boys' higher interest and achievement

“Ifyou ook atthe students scoring in the top one in 10,000 in mathematics in 1983, there were 13 boys for every girl” says Ceci.
“Since then, until 2007, that gap has shrunk to Somewhere between 2.8 and four boys for every gir,

Soifthe difference were justin the genome, there would not be that improvement. Rather, shits like that are due in large partto
increases i the number of girls who take higher level math courses in high school, where girls raditionally began falling behind
boys. They appear to be taking more math courses because changing cultural norms make it more acceptable,

Research by Hyde supports that idea. In a January artcle in Psychological Eulletin (Vol. 136, No. 1), she and her colleagues
found that the more gender equity a country had — measured by school enrollment, women's share of research jobs and
‘women's parliamentary representation — the smaller fs math gender gap.

“When girls see opportunities for themselves in science, technology, engineering and math, they e more likely to take higher
math in high school and more likely to pursue those careers,” says Hyde.
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In fact, women in the United States now earn 48 percent of bachelor's degrees in mathematics and 30 percent of the doctorates,
says Hyde. “Ifthey can'tdo math, how are they doing this? They can do math justfine.”

‘That doesn't mean, however, that just because girls and women can do the math, they want to. When Vanderbilt University
‘psychologist David Lubinski, PhD, and his colleagues interviewed a group of more than 5,000 intellectually precocious girls and
boysthey'd followed from childhood into their mid-30s, they noticed that while men and women eamed equal proportions of
‘advanced degress, there were gender difierences in the areas people decided to study.

He found that just as many women as men started college planning to go into physical sciences and math. However, women
‘more than men later switched to humanities and social science majors. Every one of these study paricipants had the ability to
succeed in math-related careers, but many of them were more lily to choose law school or medicine, Lubinski says.

“The sexes are making difierent choices,” he says. “Butwhen we look at how satisfled these people are with their career choices,
theyre equally satisfied and equally successful.”

‘Ceci and Williams posit that girs are more atiracted to a variety of careers because they tend to have both strong math and
verbal skill. “Boys who are really good at math say, This is who | am, I'm a mathematician,” says Ceci. “Gils who are really.
900d at math are more likely o be really good at verbal skills, too, and they ask themselves, 1 wonder what | wantto do?”

Itdoesn't help that the corporate culture of many math-centered careers speaks more to boys’ well-documented tendency to be
interested in “things” than gils' tendency to be interested in working with people, says Hyde. ‘Enginesring portrays itself as being
about things " she says. “Maybe ifengineering professors made better connections to how engineering helps people, women
‘would be more enticed.”
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Classroom influences.

To explore why girls are less confident than boys in their math abilities, University of Georgia psychologist Martha Carr, PhD,
studies frst-graders, and has found that ails use different strategies and have difierent motivations to do math

Boys, Carr says, tend to use memory to retrieve sums and are motivated by a sense of competition to get the answer fast, even if
they sacrifice accuracy. Girls care less about speed than accuracy and more often rely on “manipulatives® — counting on their
fingers or a counting board.

“Gils will use manipulatives even when they might be able to retrieve [ine answer]
boys don'tneed to start using cognitive strategies.”

says Carr.“They need an added push that

‘That's important because while using manipulatives s an excellent strategy when students firstlearn math, it slows them down
s problems get more diffult In fact,in a study that followed students from second grade through fourth grade, Carr found that
becoming fluent, and thersfore faster, at basic math is directly linked to math performance. The study also found that giris were
less fluent than boys.

“If we make sure all children are luent in math facts], we wil eliminate most gender differences.” she says.

Butwhat fgirls' confidence and their interest in becoming “fuent”are influenced by math anxiety among their predominantly
female elementary school teachers? A 2010 study (PNAS, Vol. 107, No. 5) by University of Chicago psychologist Sian Beilock,
PhD, suggests that this may well be the case for some girls. She and her colleagues started with these facts: More than 50
percent of elementary school teachers are women, and studies show that elementary education majors have higher levels of
‘math anxiety than any other major. The fesearchers then assessed math anxiety in 17 female first- and second-grade teachers,
s well as math achievement and gender stereotypes among 52 boys and 65 airls from their classes. Atthe start of the school
year, the researchers found no link between teacher anxiety and student math achievement But by school year's end, the more
‘anxious teachers were about math, the more likely girls, but not boys, agreed with the statement, ‘Boys are good at math and
airls are good at reading.” In addition, girls who accepted this stereotype performed significantly worse on math achievement
measures than girls who did notand boys overall

Interestingly, on average, giris and boys performed the same, says Beilock. Only the girls who endorsed the stereotype showed a
arop in math performance. That finding supports work Beilock and others have done on “stereatype threat.” which shows that
‘people perform poorly when a negative stereotype is n play.

Its also not surprising that girls picked up on their teachers' anxiety and not boys because research shows that young children
are more lkely to emulate aduls of the same gender.

Inthe end, though, it not ust girs who need math help, emphasizes University of Missouri psychologist David Geary, PhD, an
‘expert on mathematical development and author of “Male, Female: The Evolution of Human Sex Differences, Second Edition’
(APA, 2009). He believes all the focus on gender distracts from the more serious problem that U.S. math achievementis abysmal
compared with that of other countries.

Hyde agress. “We need to look toward better math instruction for the United States, not specifically for boys or giris.”
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WHY YOU SHOULD CHOOSE MATH IN HIGH SCHOOL
| BY ESPEN ANDERSEN

[=]<]v ] I
o view the fll ctation in the ACM Digtal Library please click here

[The following article was written for Afenposten, a large Norwegian newspaper. The article
encourages stuents to choose math as a major subject in high school -not justin preparation
for higher education but because having math up to maximum high school level s importantin
all walks oflfe. Note: This translation s siightly changed to have meaning outside a Norwegian
context]

Why you should choose math in high school

‘Afecurting problem in most rch societies is that students in general do not take enough math -
despits high availabilty ofrelatively well-paid jobs in fields that demand matn, such as
engineering, statistcs, teaching and technology. Students see math as hard, boring and
imelevant, and do not respond (at least not suficiently) to motivational factors such as easier
‘admission to higher education of interesting and important work.

It seems to me we need to be much more direct in our attempts to get students to leam hard
sciences in general and math in particular. Hence, addressed to current and future high school
Students, here are 12 reasons to choose lots of math in high schoo,

Choose math because it makes you smarter Math is o learning what endurance and strength
training s to sports: the basis that enables you o excel in the specialty of your choice. You
cannot become a major sports star without being strong and having good cardiovascular abily.
‘You cannot become a star within your job or excel n your profession unless you can think smart
and critcally — and math will elp you do that

Choose math because you will make more money. Winners of American Idol and other
“celebrities” may make money, but only a tiny number of people have enough celebriy to make
‘money, and most of them get stale after a few years. Then itis back to school, or o less.
rewarding careers (Would you like fies with that?"). If you skip auditions and the sports
channels and instead do your homework — especially math —you can go on to get an education
that will gt you a well-paid job. Much more than what pop singers and sports stars make —
‘perhaps not right away, but certainly if you look at averages and calculate it over a lfetime.
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Choose math because you will lose less money. When hordes of idiots throw their money at
‘pyramid schemes, itis partally because they don'tknow enough math. Specifically, if you know
alitte bit about statstics and interest calculations, you can look through economic lies and
wishful thinking. With some knowledge of hard sciences you will probably feel better, oo,
because you will avoid spending your money and your hopes on alternative medicine, crystals,
‘magnets and other swindles — simply because you know they dontwork.

Choose math to get an easier time at college and university. Yes, itis hard work o leam math
‘properly while in high school. Butwhen itis time for college or university, you can skip reading
pages and pages of boring, over-explaining college texts Instead, you can look ata chartora
formula, and understand how things relate to each other. Math is a language, shorter and more
effective than other languages. Ifyou know math, you can work smarter, not harder.

Choose math because you will live in a global worid. In a global world, you will compete for the.
interesting jobs against people from the whole world — and the smart kids in Eastern Europe,
India and China regard math and other "hard” sciences as a ticket out of poverty and social
degradation. Why not do as they do — get knowledge that makes you viable all over the world,
notjustin your home country?

Choose math because you will ive in a worid of constant change. New technology and new.
ways of doing things change daily lfe and work more and more. Ifyou have leamned math, you
can leam how and why things work, and avoid scraping by through your career, supported by
PostIt Notes and Help files — scared to death of accidentaly pressing the wrong key and
running into something unfamilia.
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Choose math because it doesn't close any doors. If you don' choose math in high school, you
close the doorto interesting studies and careers. You might not think those options interesting
now, but whatif you change your mind? Besides, math is most easily leared as a young
person, whereas social sciences, history, art and philosophy benefitirom a ltle maturing —and
some math.

Choose math because its interesting in itself Too many people - including teachers - will tell
you that math is hard and boring. But what do they know? You don't ask your grandmother what
kind of game-playing machine you should get, and you dont ask your parents for help in
sending a text message. Why ask a teacher — who perhaps gota C in basic math and stll made
itthrough to his or her teaching certificate — whether math is hard? ifyou do the work and stick it
out, you willfind that math is fun, exciting, and intellectually elegant

Choose math because you will meet t more and more in the future. Math becomes more and
‘more importantin all areas of work and scholarship. Future journalists and politcians will talk
less and analyze more. Future police oficers and miltary personnel will use more and more
complicated technology. Future nurses and teachers will have to relate to numbers and
technology every day. Future car mechanics and carpenters will use chip-optimization and
siress analysis s much as monkey wrenches and hammers. There will be more math at work,
50 you will need more math at school

Choose math 5o you can get through, not ustinto college. I you cherry-pick the easy stuffin
high school, you might come through with a certifcate that makes you eligible for a college
‘education. Having a piece of paper s nice, but don't for a second think this makes you ready for
college. You will notice this as soon as you enter college and have to take remedial math
‘programs, with ensuing stress and difficulty, justto have any kind of idea whatthe professor s
talking about

Choose math because itis creative.  Many think math only has to do with logical deduction and
‘somehow i in opposition to creativity. The truth is that math can be a supremely creative force if
only the knowledge s used right, not east as a tool for problem solving during your career. A
900d knowledge of math in combination with other knowledge makes you more creative than
others.

Choose math because itis cool. You have permission to be smart, you have permission to do
whatyour peers do not Choose math so you don'thave to, for the rest of your lif, talk about
‘how math is "hard" or "cold". Choose math 50 you don't have to joke away your inabiliy to do
simple calculations or lack of understanding of what you are doing. Besides, math will getyou a
job in the cool companies, those that need brains.
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‘You dont have to become a mathematician (or an engineer) because you choose math in high
school. Butt helps to chose math i you wantto be smart think criically, understand how and
why things relate to each other, and to argue effectively and convincingly.

Mathis a sharp knife for cutting through thomy problems. If you want a sharp knite in your
‘mental ool chest — choose math!

“This point was added by Jon Holtan, a mathematician who works with the insurance company
I3




