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Economics of mathematics education.
• In international studies, such as TIMSS and PISA, the U.S.

scores low compared to other countries.
• In 2009 of the 1.5 million students who took the ACT test,

only 42% were deemed ready to study college algebra.
• 25% of college students take remedial math, 38% in CA.
• Two-thirds of 4-year degrees in Japan and China are in sci-

ence and engineering; one-third in the U.S.
• Only 51% of patents going to U.S. citizens, down from 90%.

Innovative math
• Teach for understanding, not rote.
• Minimize counting; group in fives and tens.
• Practice facts with games; avoid flash cards. 
• Use part/whole circles.
• Use math way of number naming initially. 
• Teach visualizable strategies.
• Teach algorithms with four-digit numbers.

Why understanding is necessary.
• Understanding aids memory: 93 min to learn earn 200 non-

sense syllables, 24 min to learn 200 words of prose, and 10
min to learn 200 words of poetry.

• Better learning.
• Less memorization and review needed.
• Essential for applying to real problems.
• Impossible to memorize advanced math.

Counting, a rote activity, does not help a child master concepts.
• The alphabet example of how we teach children simple add-

ing shows some of the difficulties. (F + E = K)
• Ignores place value.
• Young children don’t realize counting represents quantity.
• Very error prone. Children under 6 are not good counters.
• No motivation to learn facts.

 • Inefficient and time-consuming.
Visualizing quantities.

• To visualize is to imagine mentally.
• Babies, at 5 months, can add and subtract up to 3.
• Group by 5s. Impossible to imagine 8 objects without

grouping.

Yellow is the Sun
Yellow is the sun.
Six is five and one.
Why is the sky so blue?
Seven is five and two.
Salty is the sea.
Eight is five and three.
Hear the thunder roar.
Nine is five and four.
Ducks will swim and dive.
Ten is five and five.
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Place value is the most important concept of arithmetic.
• Teach math way of counting: after 10, say ten 1 (11), ten 2

(12), ten 3 (13), . . , 2-ten (20), 2-ten 1 (21), . . . , 9-ten 9 (99).
• All Asian children learn math with math way of naming

numbers they understand place value in first grade. Aver-
age U.S. child understands it at the end of fourth grade.

• Essential for understanding algorithms.
• Place-value cards: encourage reading in normal order; start-

ing with ones column and then tens columns is backwards.
• Essential to use 4-digit numbers to understand trading

(carrying).
What makes a good manipulative (according to Japanese).

• Easily visualized.
• Representative of the structure of mathematics.
• Easily managed.

Some addition strategies.
• What makes 10: seen on abacus
• Go to the Dump game, a Go Fish game where the pairs

equal 10, that is, 1 & 9, 2 & 8, 3 & 7, 4 & 6, 5 & 5.
• Adding 9: complete the 10.
• Two 5s: two fives = 10; then add “leftovers.” For 8 + 7, the

leftovers are 3 + 2; so the sum is 15. See figure at left.
Learning the facts.

• Strategies first: It takes time for new strategy to become
automatic.

• Games far superior to flash cards.
 • Timed tests and graphing results.
Importance of mental computation.

• Understanding more important than procedures.
• Develops number sense (common sense with numbers).
• Necessary for estimating.
• Easier to start at the left: e.g. 34 + 48 = 34 + 40 [74] + 8 [82].

Adding 4-digit numbers on the abacus.
• Important for understand trading: that 10 ones = 1 ten, 10

tens = 1 hundred, 10 hundreds = 1 thousand.
• Children need to write down on paper what happens after

number is added on the abacus.
Why thousands so early.

• To appreciate a pattern, we need at least three samples.
   • To understand trading, the child must trade 10 ones for 1

ten, 10 tens for 1 hundred, and 10 hundreds for 1 thousand.
Research highlights of study in the first grade at end of April.

• 94% of experimental group knew 10 + 3 without counting;
47% of control group knew.

 • 88% of experimental group knew 6 + 10 without counting;
33% of control group knew.

• 44% of experimental group circled the tens place in 3924;
7% of control group circled it.

   • 81% of experimental group thought of 14 as 10 and 4;
33% of control group did.

   • 0% of experimental group wrote 512 for sum of 38 + 24;
40% of control group did.

AL abacus (side 1) with
37 entered.

Place value cards.

1 0 0
3 0

1 3 7

7

Transforming 9 + 4 into 10 + 3.

Seeing the sum of 8 and 7 as 10
(2 fives, the black beads) and 5,

the number of white beads.

8 + 6 = 10 + 4 = 14

After trading, still 14.
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