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TABLE 1A: Benefit/Cost Summary Table

Status  Soft Conversion Soft Conversion

Benefit or Cost Quo to Metric to Inch-Pound

1. Classroom time saved +71 days of math class +71 days of math
(by teaching just one system) annually, starting with  class annually,

1996-97 school year starting with 2003-
4 school year

2. Classroom time saved +11 days of math class
(by dropping that proportion annually, starting with
of instruction in fractions tied 1996-97 school year
to leaming inch-pound
measures)

3. Quality and efficiency —60 days of math
disadvantage of the class annually,
inch-pound system starting with 2003-
{measured for students only) 4 school year

4. Train science teachers ~2 weeks training
to teach with inch-pound for over 110,000
measures science teachers

(1-time-only cost)

NOTE: Measured in units of time.

98 days on primary measurement system (includes tests)
22 days on time measurement and the concept of measurement
71 days on secondary measurement system (includes tests)
+11 days on fractions (only that part of instruction in fractions that
is embedded within measurement chapters)
202 days (a “day” signifies a day’s math class).

THE BENEFITS—CLASSROOM TIME
SAVED BY TEACHING JUST ONE SYSTEM

If only the primary system, either metric or inch-pound, would be taught
in elementary schools, 71 days of mathematics classes would be saved for
every U.S. student into the foreseeable future. It is assumed in the case of
conversion to metric that inch-pound instruction could be dropped starting
next year. It is assumed in the case of conversion to inch-pound that metric
instruction could be dropped starting 8 years from now, after science text-
books have been rewritten with inch-pound content and replaced.
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TABLE 1B: Benefit/Cost Summary Table (measured in net present value [NPV])

Status  Soft Conversion Soft Conversion
Benefit or Cost Quo to Metric to Inch-Pound

1. Classroom time saved
(by teaching just one system) +$15,285 million +$7,674 million

2. Classroom time saved (by
dropping that proportion of
instruction in fractions tied to
leaming inch-pound measures) +$2,368 million
3. Quality and efficiency
disadvantage of the inch-
pound system (measured for
students only) —$6,485 million

4. Train science teachers to
teach with inch-pound measures —$203 million

Total 0 +$17,653 million +$986 million

Although a few states have required a metric curriculum in mathematics
(e.g., New York and Michigan), most states have no rigid curriculumrequire-
ments for the local school districts. Some states run “textbook adoption”
programs, under various levels of public and local school district influence,
that generate lists of textbooks approved for “adoption” by local districts. The
approved lists tend to include the offerings of the most well-known textbook
publishers. Some states do not have even that much influence over local
schools’ textbook purchases.

I spoke by telephone with the state education department mathematics
curriculum coordinators of 12 of the largest states in the United States (in
terms of population; see Note 6). All agreed that short of state curriculum
requirements, which most states do not have, teachers tend to follow the
curricula of the textbooks they use. All the major U.S. mathematics textbooks
include chapters on metric and on inch-pound measures. Some teach metric
first and inch-pound second, and vice versa. Most high school science texts
now use metric measures exclusively.

Most state education agencies and textbook publishers have now adopted
to some degree the National Council of Teachers of Mathematics (NCTM)
content standards for mathematics instruction. But, again, the NCTM stan-
dards deliberately give the metric and inch-pound system equal attention.

By this analysis, 71 days of mathematics instruction annually (or counted
over the course of each student’s school career) could be saved by teaching
just one measurement system.
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CLASSROOM TIME SAVED BY DROPPING INSTRUCTION IN
FRACTIONS THAT IS EMBEDDED IN MEASUREMENT INSTRUCTION

If it was decided to convert to the metric system and to drop the inch-pound
system, there would be less reason to teach fractions. The analysis here,
however, uses a very conservative figure for the amount of time teaching
fractions that might be dropped due to metric conversion, counting only that
portion of instruction in fractions that is embedded within chapters on
measurement. In the Addison-Wesley series, that eliminates a small amount
of study in fractions in the primary grades, but retains the larger number of
days devoted to fractions in the higher grades.

Some curriculum experts have asserted that no instruction in fractions
would be necessary if the metric system were adopted exclusively in the
curriculum, and that the total amount of time spent teaching arithmetic could
be reduced by 25% if inch-pound and fractions instruction were dropped
(U.S. Department of Commerce 1971). Teachers from countries using the
metric system for generations have remarked on the amount of time spent
teaching fractions in inch-pound countries (Shaw 1971). The time that had
been devoted to teaching fractions in Great Britain before that country
converted to the metric system was much reduced after conversion (Chalupsky,
Crawford, and Carr 1974, 108).

According to this analysis’ conservative estimate, reducing the time
devoted to fractions within measurement lessons would free up 11 class hours
of math annually (or over the course of a student’s elementary school career).

THE QUALITY AND EFFICIENCY
DISADVANTAGE OF THE INCH-POUND SYSTEM

After considering the instructional time devoted just to introducing the
concept of each measure, about equal time seems to be devoted to both the
metric system and the inch-pound system in elementary school textbooks. If
a day is devoted to the topic of area in metric units in Grade 2, then a day is
also devoted to teaching area in inch-pound units in Grade 2.

Does this mean, then, that what is learned in equal amounts of time is of
equivalent quality? Perhaps not. Some concepts of equivalent importance or
power can take less explaining than others, or are easier to grasp, or to
remember, or to use. As an example, think of teaching a high school math
student how to use a hand calculator versus teaching her how to use a slide
rule. Both instruments can be used for the same purpose, but computation on
the calculator is easier to teach, to learn, and to use. Moreover, calculator use
is more efficient because it is simpler (causing fewer mistakes) and it is faster.
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There is some experimental evidence that the metric system offers such a
quality and efficiency advantage over the inch-pound system, E. James Tew,
the director for quality assurance at Texas Instruments, conducted two
controlled studies to compare the ease of calculation across the two measure-
ment systems. He chose a sample of students who had been schooled in both
metric and inch-pound measures. In a 1984 study, he randomly divided his
sample into two groups to take measurements using laboratory instruments,
one with metric equipment, the other with inch-pound equipment. He found
that the metric equipment could be used more quickly, in 17.7% less time
(Tew 1984).

In a 1985 study, Tew had two equivalent groups perform some paper-and-
pencil computations, one using metric measures, the other using inch-pound
measures. He found that the metric computations could be completed more
quickly, in 44.9% less time (Tew 1985).

How large is the quality and efficiency advantage of metric over inch-
pound? That question would be extremely difficult to answer precisely. It
would probably take years of study, at great expense, with many more
controlled studies, surveys, and tests.

It is far easier to come up with a rough estimate. Think of the two
measurement systems as languages and then dissemble them into their
essential linguistic components. Those essential components are of two types:
names of measures and conversion ratios between measures. If one wishes
to know and use (i.e., compute in) one of these measurement systems, it is
necessary to know the names of some measures and to know the conversion
ratios among the measures.

Examining the measurement systems in this manner, it is easy to see why
proponents claim that the metric system is more concise, internally consis-
tent, and easier to use (see Tables 2a and 2b). Tables 2a and 2b contain the
same amount of information: three measures (length, capacity, and weight),
the names of seven units of each measure, and the conversion ratios between
each unit and its neighboring units. Observation alone will reveal that the
metric system conveys the same total amount of information more concisely
than does the inch-pound system. A few simple calculations (in Table 2¢) will
demonstrate the difference as well.

In the inch-pound system every unit has a unique name, so there are 21
unit names that one must remember if one is to know this three-measure
system in inch-pound units completely. The conversion ratios between neigh-
boring units are also unique: 12 inches in a foot, 3 feet in a yard, 5 and 1/2
yards in a rod; and so on. True, there is some duplication—for example, 16
ounces in a pound and 16 drams in an ounce—but there is no order to the
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TABLE 2A: The Inch-Pound System

Length Weight Capacity

1 mile = 8 furlongs
1 furlong = 40 rods
1rod =5 1/2 yards
yard (standard)

1 foot = 1/3 yard
1inch = 1/12 foot

1 ounce = 1/64 inch

1 long ton = 2,240 pounds 1 barrel = 31.5 gallons

1 short ton = 20 hundredweights gallon (standard)

1 hundredweight = 100 pounds 1 quart = 1/4 galion

pound (standard) 1 pint = 1/2 quart

1 ounce = 1/16 pound 1 ounce = 1/186 pint

1 dram = 1/16 ounce 1 tablespoon = 1/2 ounce

1 grain = 1/27 dram 1 teaspoon = 1/3 tablespoon

TABLE 2B: The Metric System

Factor Prefix
1,000 kilo-
100 hecto-
10 deka- meter (length)
1 (standard) ee———f  gram (mass)
A deci- liter (capacity)
.01 centi-
.001 milli-

TABLE 2C: Comparing the Two Systems

With 3 Measures With 6 Measures With 9 Measures
Inch-Pound
7 unit names 7 unit names 7 unit names

x 3 measures

X 6 measures

X 9 measures

21 names 42 names 63 names
+ + +
18 conversion 36 conversion 54 conversion
ratios ratios ratios
Metric
6 prefixes 6 prefixes 6 prefixes
+ 3 unit names + 6 unit names + 9 unit names
9 names 12 names 15 names
+ + +
2 conversion 2 conversion 2 conversion
ratios ratios ratios
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duplication. In order to “know” the system completely one must memorize
each and every conversion ratio.

In summary, to know our three-measure inch-pound measurement system,
one must remember 21 names and 18 conversion ratios. If one was to expand
the system to include three more measures, such as those for force, pressure,
and frequency, one would need to remember 42 names and 36 conversion
ratios. Add three more measures, such as those for area, energy, and power,
and one would need to remember 63 names and 54 conversion ratios.

In the metric system, by contrast, every measure has one unique standard
unit name, such as meter for length, gram for weight, and liter for capacity.
All other units within measures bear one of these standard unit names plus
one of six prefixes. The prefixes are common to all measures. A thousand
meters is a kilometer, a thousand grams is a kilogram, and a thousand liters
is a kiloliter. So, all told, there are only nine names to remember in our
three-measure metric system. The conversion ratios are even simpler: There
are only two (between neighboring units). Each and every unit is one tenth
the size of the neighboring lower unit and ten times the size of the neighboring
higher unit. Expand our system to include other measures and there is little
more information to remember—just the names of the standard units for the
additional measures.

Comparing nine-measure systems, one can see that the inch-pound system
requires that one memorize 63 unit names and 54 conversion ratios while the
metric system contains only 15 different names and 2 conversion ratios.
Because the metric system is more concise, one can know more of it more
casily. Because all of its conversion ratios are decimal, one should make
fewer calculation errors. (See Appendix C for an extended discussion of
the conciseness of the metric system.)

Nine measures represent the fullest extent of the measurement systems
that are taught in the regular math and science curriculum of our elementary
and secondary schools. Only in very advanced high school science courses
would students be exposed to a larger system.

My calculations in Table 2¢ offer a very rough calculation of the difference
in conciseness of the two measurement systems. In order to know a nine-
measure inch-pound system with complete fluency, a student would have to
memorize 63 names (either unit names or names of measures) and 54
conversion ratios. In order to know a nine-measure metric system with
complete fluency, a student would have to memorize 15 names and 2
conversion ratios. That comes out to 117 names and ratios for complete
command of the nine-measure inch-pound system and 17 names and ratios
for complete command of the nine-measure metric system.
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The metric system is just as powerful and practical to use as the inch-pound
system, but requires only 15% of the factual recall or can be learned in 15%
of the time that it takes to learn the inch-pound system.

The student using the inch-pound system may compensate for its com-
plexity by forgetting some of its information (perhaps the conversion ratios
for furlongs, drams, and hundredweights, for example). But then her use of
the system is crippled—she is only using part of it. In fact, the difference in
quality and efficiency across the two systems could show up in several ways:
metric learners may learn measurement better and faster, know more mea-
sures and more conversion ratios between units, use measures with greater
facility, or make calculations employing measures more quickly.

Thus the cost counted in row 3 of Tables 1a and 1b represents the extra time
it takes a student to learn a nine-measure inch-pound system by comparison with
anine-measure metric system. It is assumed that the metric system can be learned
to an equivalent level of mastery in 15% of the time it takes to learn the
inch-pound system.® This amounts to a savings of 60 days of mathematics
instruction annually (or over the course of a student’s school career).

CONVERT SCIENCE TEXTS AND CURRICULA
TO INCH-POUND OR BOTH METRIC AND INCH-POUND

Under the soft-conversion-to-inch-pound plan, inch-pound instructional
content would have to be added to science textbooks that now contain only
metric material. Moreover, because most high school science teachers have
been trained to teach only in metric measures, they would have to be retrained
to teach in inch-pound measures.

It is assumed here that the science textbooks would have to be rewritten (which
would take a minimum of 3 years),” that schools would replace their textbooks
in the normal cycle (which would take 3 to 6 years; see U.S. Department of
Commerce 1971, 105), and that teachers would have to be retrained.

Adding the two durations together, one arrives at a delay of about 8 years
before the benefits of inch-pound conversion could start to be realized.

The cost counted in row 4 of Table 1a and 1b assumes that all high school
science teachers would need 2 weeks of retraining, and would be paid at their
regular salary for those 2 weeks'? (see U.S. Department of Commerce 1971).

SUMMARY OF THE PLAN RESULTS

If the assumptions of this analysis are correct, choosing the soft-conversion-
to-metric plan over the status quo would give every American school student
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into the foreseeable future an extra 82 classes over the course of their
elementary-secondary school careers, probably, though not necessarily, in
mathematics. That amounts to almost a semester of additional instructional
time for students to learn more than they do currently (see Table 1a).

Choosing the soft-conversion-to-inch-pound plan over the status quo, by
contrast, would give every student into the foreseeable future an extra 11
classes over the course of their elementary-secondary school careers, prob-
ably in mathematics. This gain would come with some cost, however; that of
retraining high school science teachers in inch-pound instruction (see Table 1a).

Because all the benefits to the soft-conversion-to-metric plan counted here
derive from savings in classroom time, one may be tempted to propose that
changes be made in the school alone and that suggestions of dual-labeling in
the rest of society be dropped. Doing that, however, would introduce two new
costs. First, the students would not learn the metric systemn as well, and the
quality of their learning would be embedded in the benefits calculated.

In a doctoral dissertation written in 1978, Richard Lee Williams tested the
metric knowledge of students in Spokane, Washington and Calgary, Alberta.
Even controlling for all school, ability, family background, and metric
education factors, the U.S. students’ metric skills were still significantly
worse. Williams surmised that the variation in the social background-—
Canada had mostly converted to metric by then while the United States had
not begun—accounted for the difference (Williams 1978). Generalizing to
the populace as a whole, Americans’ measurement abilities may remain
inferior as long as our society remains inch-pound in public.

SUMMARY OF PLAN RESULTS, MEASURED IN NET PRESENT VALUE

The education system benefits and costs of the three measurement system
conversion plans have been converted to a common metric——dollars—
through present value calculations. These calculations, and the assumptions
upon which they are based, are included in Appendix A. The results of these
calculations are included in Table 1b."

According to these present value calculations, choosing the soft-conversion-
to-metric plan over the status quo would provide our society a $17,653
million net benefit. Choosing the soft-conversion-to-inch-pound plan over
the status quo, by contrast, would provide our society a $986 million net
benefit.

There is no pretending that these estimates have been or could have been
made with great precision. These are rough estimates. But, they are illumi-
nating nonetheless, and they are robust. Because the estimates are so robust,
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their margins of error can be very wide; the relative result would still be the
same even with large estimation errors. Even if the net benefit estimates were
off by 80%, the soft-conversion-to-metric plan would still be the winner, at
least as far as our education system is concerned. The assumptions made in
this analysis would have to be grossly erroneous for the relative result to be
different.

Why is there such a difference among the three plans after all the calcula-
tions are complete? One reason is that U.S. metric conversion is already
occurring to a large extent. The soft-conversion-to-inch-pound plan is costly
because our nation’s science classes have already converted entirely to
metric. The soft-conversion-to-metric plan is feasible only because so much
in our society is already metric or, at least, dual-labeled. As a society, we may
have already passed the breakeven point, where it has now become more
costly to revert to inch-pound than to convert to metric.

Another reason the net benefit numbers turned out the way they did has
to do with the difference between savings into perpetuity and one-time-only
costs. Classroom time is a large investment when one adds up the numbers
because it affects so many people year after year. The one-time-only cost of
retraining science teachers appears minuscule by comparison.

IMPLICATIONS

CONVERTING U.S. HIGHWAY SIGNS

The next skirmish in the ongoing metric conversion struggle in the United
States will take place over highway signs. To date, all steps short of actually
changing the signs have been undertaken.'? The U.S. Congress has prevented
the changeover itself due to a vocal opposition. Although dual-labeling
consumer products arouses little opposition, dual-labeling highway signs
arouses vitriol.

Estimates have been made for the cost—in time and in dollars—of
changing all signs on federal, state, and local roads. The estimates are based
on the metric conversion experience in Canada and on a study conducted by
the state of Alabama, and are included in the most recent GAO report.13 These
ballpark estimates are $334 million (based on Canada) and $420 million
(based on Alabama, see U.S. GAO 1995, 7).

Canada completed the changeover within a period of 2 months; the U.S.
FHWA has proposed 6 months to a year. Either of these time periods, and
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even longer time periods, would be consistent with a soft-conversion-to-
metric plan that would drop all inch-pound instruction in the schools starting
next year. Even the oldest of the students now attending elementary school
will not be driving on our roads for another 3 years.

Would a soft-conversion-to-metric plan be worth the cost of highway sign
conversion? Judging by the calculations in Appendix A, freeing up just 2 days
of math class (from now into perpetuity) would be worth about $430
million.!* Those 2 days alone would more than pay for the conversion of all
highway signs in the United States. If estimates in this analysis are reliable,
the education benefits of the soft-conversion-to-metric plan would pay for
the highway sign change 44 times over.

THE POLITICAL USE OF THIS INFORMATION

Currently, the debate over metric or dual-labeled highway signs revolves
around U.S. entry into the global economy (for the proponents of the
changeover) and the federal government’s alleged arrogance of power and
arbitrary usurpation of the rights and preferences of the states and their
citizens (for the opponents of the changeover). In this author’s opinion, the
proponents of the change do not have a politically strong argument. It would
probably seem a stretch to most voters to tie what is written on our domestic
highway signs to our export companies’ global competitiveness.

The analysis here offers changeover proponents what might be a stronger
and more compelling argument: We may be harming our children, hindering
their futures, and stunting our country’s economic growth by miseducating
our children. What U.S. citizens might not be willing to do to please the
federal government or multinational corporations, they might be willing to
do for their own children and their children’s future prosperity.

USE OF THE ADDITIONAL INSTRUCTIONAL TIME

It is not certain that the entire windfall of additional instructional time
would be applied solely to mathematics instruction or to adding additional
subjects to the math curriculum.

The savings in instructional time to be gained by dropping inch-pound
measures from the curriculum would accumulate over several grade levels,
one to a few weeks each year. Converting the disparate pieces of time into a
discrete lump would require deliberate effort. But, such effort would be
necessary if one wished to convert the instructional time savings into a
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semester of a particular subject, such as algebra 2, analytical geometry,
statistics, or calculus.

Otherwise, the instructional time savings would stretch out the time table
of each year’s math course, mostly in the elementary grades. Our students
could spend more time on their current curriculum and could learn more math,
Or, they could delve into the chapters they do not ordinarily get to at the back
of their textbooks. Even better still, they could add new topics taken from the
National Council of Teachers of Mathematics’ (NCTM) Curriculum and
Evaluation Standards for School Mathematics (1989).

It is possible, moreover, that schools might choose to apply the windfall
in instructional time to subject areas other than mathematics. But, I think that
that is unlikely. There has been interest in increasing mathematics curricular
offerings in recent years, and most states have also been increasing the
number of mathematics courses required for students’ graduation from high
school (see U.S. Education Department 1993, 133, table 135). Besides,
because the time savings would occur entirely within existing math courses,
they would never be available to teachers in other subject areas. They would
be “captive” to the math teachers.

Even if schools were to apply the instructional time windfall to other
subject areas, however, it is still a benefit.

RELATIONSHIP BETWEEN INCREASED INSTRUCTIONAL
TIME AND MATHEMATICS ACHIEVEMENT

It seems logical that if students are granted more instructional time on a
certain subject matter, all other factors being held equal, they are likely to
more aptly learn the subject matter. This intuitively sensible conclusion was
questioned in the seminal analysis of the data from the Second International
Mathematics and Science Study (SIMSS). This 1982 cross-country mathe-
matics assessment tested 13-year-old students in many participating countries
on their math and science knowledge.

The seminal analysis of the data from SIMSS was published in a report
titled The Underachieving Curriculum (see International Association for the
Evaluation of Educational Achievement 1989). In it, the authors claimed
that they could not find a relationship between the amount of time spent
in mathematics instruction and country-level student achievement in
mathematics.

In a more recent article, however, Lewis and Seidman (1994) examined
the data from The Underachieving Curriculum very closely. They noted,
among other things, that the authors of the original study used as their figure

Downloaded from erx.sagepub.com by guest on December 1, 2011


http://erx.sagepub.com/

108 EVALUATION REVIEW /FEBRUARY 1996

for the amount of time spent in mathematics instruction only the amount for
the school year of the tested group of students. For the high-scoring Japanese
students, this was 7th grade, coincidentally a grade level with a relatively
small amount of math instruction in the Japanese curriculum.

Lewis and Seidman (1994) recalculated the “math time” variable to
include the “cumulative stock” of time in math classes in both primary and
lower secondary school; the time spent in after-school programs, such as
Japanese jukus and summer programs; and time doing math homework. They
calculated this math-time factor for all the countries that participated in the
SIMSS. Whereas the amount of instructional time in mathematics in the 8th
grade for U.S. 13-year-olds exceeded that in the 7th grade for Japanese
13-year-olds (144 hours vs. 101 hours), according to Lewis and Seidman’s
“net stock” of “cumulated math-time,” the Japanese 13-year-olds easily
bested the U.S. 13-year-olds (1,370 hours vs. 1,054 hours).

When Lewis and Seidman (1994) ranked the participating countries
according to their 13-year-olds’ net stock of math time, the Japanese ranked
first, the Scots second, the French third, the Belgians fourth, and the Dutch
fifth. At the bottom were the Finns, the Swedes, the Israelis, the Thais, the
Canadians, and the Americans.

Lewis and Seidman (1994) employed the net stock of math-time variable
in simple and multiple regressions and found that, contrary to the conclusions
in The Underachieving Curriculum, it is a significant and robust predictor of
mathematics achievement. How much does math achievement improve with
increased math time? Lewis and Seidman find that a 100-hour increase in
math-time accumulation by 8th grade would have increased the United
States’ SIMSS score by 7% or 8% and moved it up five places in the rankings,
from 13th place (out of 17 places) to 8th place in the world, past Finland,
England and Wales, Scotland, Canada (Ontario), and Hong Kong.

Dropping all inch-pound instruction in the schools and using the time
windfall to teach more mathematics would have moved the United States up
six notches in the rankings among the 17 participating SIMSS countries on
math-time accumulation. Furthermore, it would have increased the U.S. math
score by 5.3% and moved the United States up two notches in the rankings
based on average achievement score, past Finland and England and Wales.

In an even more recent analysis by the U.S. Education Department’s
National Center for Education Statistics (NCES), students who took more
math and science courses did better on achievement tests in those subjects
(gender, racial or ethnic background, and socioeconomic status were held
constant; see U.S. Education Department 1995).
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IMPLEMENTING A SOFT METRIC CONVERSION IN THE SCHOOLS

To imagine how educators might react to a mandate for metric conversion
one need only study their behavior in the late 1970s and early 1980s.
Educators supported the effort virtually universally. No groups of educators
in science or math at the elementary and secondary level or at the college
level spoke against it. Most publicly supported the effort. Math and science
educators believed metric to be the superior system and its adoption in the
United States tobe inevitable (U.S. Congress 1982, 1987; Boyer 1979; Bright
1973; Elwell 1976; Fischer 1973; Helgren 1973; Paige 1978; Viets 1973).

Largely through support from federal grants, school districts throughout
the country developed and tried new curricula and methods for teaching the
metric system (see “Federal Funds” 1976; U.S. Congress 1982, 1987). These
many reports presumably still exist and could be resurrected, eliminating the
need for any such exploratory or preparatory studies again. Besides, at this
point, teachers do not need to learn how to teach the metric system. They
have been teaching the metric system for over a decade. This time around,
metric conversion could consist quite simply of dropping a chapter a year out
of the study plans. Nothing new pertaining to the metric system would need
to be learned.

The early attempts at metric conversion in the schools taught educators
one important lesson. It was better to teach the metric system on its own from
scratch or to teach it through rough, convenient equivalencies with inch-
pound measures. When educators tried to teach metric through memorization
of conversion ratios from inch-pound measures, students rebelled, learned
poorly, and usually resented the metric system for the confusing complexity
(even though the inch-pound system was the real culprit) (V. Antoine,
personal communication, July 1990; Paige 1978; U.S. Congress 1982, 1987).

It should be noted that, although a federal metric conversion program
could provide aid, encouragement, and advice, states are free to act on their
own. They can drop the inch-pound system (or the metric system, for that
matter) from their curriculum whenever they wish. In sympathy with its
all-metric auto industry, the state of Michigan did just that, eliminating
inch-pound instruction in its schools.
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APPENDIX A
Calculations of Benefits and Costs

First-Order Conditions

« Discount rate equals current inflation rate (=3%) plus federal funds rate (=5%),
or 9%.

« Student time is valued at the average U.S. expenditure per student foundin U.S.
Education Department statistical reports, $5,600 per student.

o Teacher time is valued atthe average U.S. teacher salary found in U.S. Education
Department statistical reports.

¢ PV =present value; NPV = net present value.

Soft Conversion to Metric—Table 1, Row 1—Classroom
Time Saved by Teaching Just One System

Assumptions

¢ 71 days of math class saved annually (from Appendix B)

o currentexpenditure per pupil = $5,600 (U.S. Education Department 1993, tables
43, 159)

e 180 days in a school year

¢ 1/6 of school day is devoted to math class

¢ 30 million elementary school students (U.S. Education Department 1993, tables
44, 62)

o 8 grade levels in elementary school, .. 30/8 = 3.75 million students per grade
level

¢ $5,600 per year per student/180 days = $31 per student per day

Calculations

71 days per year X 3.75 million students per year X 1/6 school day x $31 day
expenditure = $1,376 million in instructional time saved annually.

NPV = PV(to perpetuity) = $1,376/9% discount rate = $15,285 million.

Soft Conversion to Metric—Table 1, Row 2—Classroom
Time Saved by Dropping Some Instruction in Fractions

Assumptions

11 days of math class saved annually (from Appendix B)

o currentexpenditure per pupil=$5,600 (U.S. Education Department 1993, tables
43, 159)

¢ 180 days in a school year

¢ 1/6 of school day is devoted to math class
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+ 30 million elementary school students (U.S. Education Department 1993, tables
44,62)

o 8 grade levels in elementary school, .. 30/8 = 3.75 million students per grade
level

o $5,600 per year per student/180 days = $31 per student per day

Calculations

11 days per year X 3.75 million students per year X 1/6 school day x $31 day
expenditure = $213 million in instructional time saved annually.

NPV = PV(to perpetuity) = $213/9% discount rate = $2,368 million.

Soft Conversion to Inch-Pound—Table 1, Row 1—Classroom
Time Saved by Teaching Just One System

Assumptions

« metric instruction would be dropped starting 8 years from now (in 2004)

e 71 days of math class saved annually (from Appendix B)

« currentexpenditure per pupil = $5,600 (U.S. Education Department 1993, tables
43, 159)

» 180 days in a school year

e 1/6 of school day is devoted to math class

« 30 million elementary school students (U.S. Education Department 1993, tables
44, 62)

« 8 grade levels in elementary school, .. 30/8 = 3.75 million students per grade
level

» $5,600 per year per student/180 days = $31 per student per day

Calculations

71 days per year x 3,75 million students per year X 1/6 school day X $31 day
expenditure = $1,376 million in instructional time saved annually.

NPV = PV(to perpetuity) — PV(next year) — PV(year + 1) -
PV(year +2)...PV(year + 8)
= ($1,376/9%) — ($1,376/1.09) — ($1,376/1 09%) - ($1,376/1 09%). ..
($1,376/1 09%) =$15,289 — 1,262 - 1,158 — 1,063 — 974 —
894 - 820-753 - 691
= $7,674.

(continued)
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Soft Conversion to Inch-Pound—Table 1, Row 3—Classroom
Time Lost Due to Quality and Efficiency Disadvantage

Assumptions

o metric instruction would be dropped starting 8 years from now (in 2004)

» 71 days of math class saved annually (from Appendix B)

o current expenditure per pupil = $5,600 (U.S. Education Department 1993,
tables 43, 159)

180 days in a school year

¢ 1/6 of school day is devoted to math class

¢ 30 million elementary school students (U.S. Education Department 1993, tables 44, 62)

« 8 grade levels in elementary school, .. 30/8 = 3.75 million students per grade level

o $5,600 per year per student/180 days = $31 per student per day

Calculations

60 days per year x 3.75 million students per year x 1/6 school day x $31 day
expenditure = $1,163 million in instructional time lost annually.

NPV

— PV(to perpetuity) + PV(next year) + PV(year + 1) +

PV(year + 2) ... PV(year + 8)

—($1,163/9%) + ($1,163/1.09) + ($1,163/1 .092) +($1,163/1 .093) e
($1,163/1.09%)

—$12,922 + 1,067 + 979 + 898 + 824 + 756 + 693 + 636 + 584
—$6,485.

i+ n

Soft Conversion to Inch-Pound—Table 1,
Row 4—Retraining Science Teachers

Assumptions

e courses in science make up 12% of high school coursework (U.S. Education
Department 1993, table 134)

« number of secondary school teachers = 917,103 (U.S. Education Department
1993, table 64)

« number of secondary school science teachers = number of secondary school
teachers X 12% = 917,103 x .12 = 110,052

« average secondary school teacher salary = $36,059 (U.S. Education Department
1993, table 76)

o teachers work 9-month school year, or 39 weeks

« average secondary school weekly salary = $36,059/39 weeks = $925 per week

e retraining in inch-pound measures for teaching science would take 2 weeks

NPV = $925 x 2 weeks x 110,052 teachers = $203 million (1 time only cost).
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APPENDIX B
Breakdown of the Number of Classroom
Days Devoted to Teaching Each Measurement System

Grades 1-8, text series Mathematics Management Guide—Complete Daily Plans
(Eicholz et al. 1987).

1st Grade

Chapter 12: Measurement—Metric Units. Total of 9 days (length, capacity, weight,
temperature)—6 days on metric measures, 2 days on the concept of measure-
ment, 1 day is a test (2 days are listed as optional).

Chapter 14: Fractions and Customary Measurement. Total of 9 days—3 days on
customary measures, 5 days on fractions alone, 1 day is a test (2 days are listed
as optional).

2nd Grade

Chapter 9: Measurement—Metric Units. Total of 10 days (length, area, capacity,
weight, temperature)}—8 days on metric measures, 1 day on the concept of
measurement, 1 day is a test.

Chapter 13: Fractions and Customary Measurement. Total of 11 days (length, area,
capacity, weight, temperature)—5 days on customary measures, 5 days on
fractions alone, 1 day is a test.

3rd Grade

Chapter 5: Measurement—Metric Units. Total of 18 days (time, length, area,
volume, capacity, weight, temperature)—13 days on metric measures, 4 days
on time (clock and calendar), 1 day is a test.

Chapter 14: Measurement—Customary Units. Total of 6 days—S5 days on custom-
ary measures, 1 day is a test.

4th Grade

Chapter 6: Measurement—Metric Units. Total of 17 days (time, length, area,
volume, capacity, weight, temperature}—10 days on metric measures, 6 days
on time, 1 day is a test (1 day is listed as optional).

Chapter 15: Measurement—Customary Units. Total of 9 days (length, volume,
weight, capacity, temperature}—7 days on customary measures, 1 day on
fractions, 1 day is a test.

(continued)
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Sth Grade

Chapter 8: Measurement. Total of 21 days (length, area, volume, capacity, weight,
time, temperature)—16 days on metric measures, 4 days on time, 1 day is a test.

Chapter 16: Measurement: Customary Units. Total of 16 days (length, area,
volume, capacity, weight, temperature; fractions are in other chapters)—15
days on customary measures, 1 day is a test.

6th Grade

Chapter 7: Measurement. Total of 17 days (length, volume, capacity, weight, time,
temperature)—12 days on metric measures, 3 days on time, 1 day is a test (1
day is listed as optional).

Chapter 16: Measurement—Customary Units. Total of 12 days (length, capacity,
weight, temperature)—11 days on customary measures, 1 day is a test.

7th Grade

Chapter 10: Measurement—Metric Units. Total of 16 days (length, area, volume,
weight, liquid measure, temperature}—15 days on metric measures, 1 day is a
test.

Chapter 16: Measurement—Customary Units. Total of 9 days (length, area,
volume, weight, liquid measure, temperature}—6 days on customary mea-
sures, 1 day is a test (2 days are listed as optional).

8th Grade

Chapter 7: Measurement—Metric Units. Total of 12 days (length, capacity, weight,
time, temperature)}—8 days on metric measures, 2 days on time, 1 day s a test
(1 day is listed as optional).

Chapter 16: Measurement—Customary Units. Total of 10 days (length, area,
volume, weight, liquid measure, temperature}—9 days on customary mea-
sures, 1 day is a test.

Breakdown of School Days Devoted to Teaching Measurement

98 days on primary measurement system (includes tests)

22 days on time measures or the concept of measurement

71 days on secondary measurement system (includes tests)
+ 11 days on fractions alone

202 days total
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APPENDIX C
More on the Conciseness of the Metric System

As the inch-pound system enlarges, the amount of information necessary to know
it completely expands roughly at a geometric rate. As the metric system enlarges,
however, the amount of information necessary to know it completely expands roughly
at an arithmetic rate. It is no wonder that scientists and engineers, who need to use
enlarged measurement systems, prefer metric.

The difference in conciseness between the two systems is even greater than
illustrated thus far because thus far I have considered conversion ratios only between
neighboring units. In the metric system, each unit is one hundredth the value of the
unit two units higher and a hundred times the value of the unit two units lower. In the
inch-pound system, there is no such uniformity. The same is true for conversions
between units three units apart or four units apart, and so on.

The difference in conciseness between the two systems is larger stillif one expands
the systems to include factors above a thousand and below a thousandth. The more
of a system one uses, the greater is metric’s advantage. Consider an enlarged
measurement system, such as a research scientist might use, with 12 measures, using
factors up to a million and down to a millionth, and count all conversion ratios within
a measure, not just those between neighboring units. One can see from the calculations
in the table below that an enlarged metric system consists of 36 pieces of information
while the enlarged inch-pound system consists of 1,092 pieces of information.

Comparing the Two Enlarged Systems

Inch-Pound Metric

13 unit names 12 prefixes
x 12 measures + 12 measures
156 names 24 names

78 ratios within a measure
x 12 measures

936 conversion ratios 12 conversion ratios

156 + 936 = 1092 24 +12=36

The enlarged metric system is more concise than the enlarged inch-pound system
by a factor of 30.

Americans have adapted to the complexity of the inch-pound system by knowing
only an abbreviated system. We do not bother remembering furlongs, rods, barrels,
hundredweights, or drams. And we do not bother remembering all the conversion
ratios, even of the units with which we are familiar.

(continued)
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Indeed, it is doubtful that many Americans even know measures as an integrated
system. Instead, most are familiar with a hodgepodge collection of the more familiar
units and conversion ratios, to which some metric units have now been added, as with
millimeters for camera lens sizes; liters for soft drink, water bottle, and car engine
sizes; milligrams for pills and the nutritional content of packaged foods; and meters
for track and swimming competitions. Students using the metric system, however, do
not have to make such accommodations.

NOTES

1. The United Kingdom has just this year completed its conversion to metric. Groceries and
most consumer goods have been labeled in metric measures for years, but highway signs and
some other items were still marked in Imperial measures until this year.

2. New Zealand and Australia, among others, are completely converted.

3. Canada is mostly converted but metric is not strictly enforced in some marginal markets
such as those for bulk and fresh foods.

4. The EC nations consist of Belgium, Denmark, France, Netherlands, Germany, Greece,
Ireland, Italy, Luxembourg, Portugal, Spain, and the United Kingdom. Nations of the European
Free Trade Association, which include Austria, Finland, Iceland, Norway, Sweden, and Swit-
zerland, are now negotiating a merger with the EC.

5. The most celebrated case is that of Saudi Arabia and some of its neighboring states.

6. Conversations with the mathematics curriculum coordinators in the 12 largest states in
terms of population: Massachusetts, New York, Pennsylvania, Illinois, Michigan, Georgia,
Florida, California, Washington, Arizona, Colorado, and Minnesota.

7. Conversations with four math textbook editors: Valerie Levenberg at Silver Burdett/
Ginn, Morristown, NJ; Kathy Anderson at Houghton Mifflin, Boston, MA; Barbara Carrell at
D.C. Heath, Lexington, MA; and Laura Ganjevic at Macmillan/McGraw-Hill, New York. These
editors’ surveys, feedback, and observations conclude that teachers teach both systems, giving
roughly equal attention to each.

8. There is some reason to believe, however, that the row 3 figures may be underestimated.
So far, I have only counted conversion ratios between neighboring units. Extend the count to
nonneighboring units and the gap in efficiency between metric and inch-pound 6yawns wider.
Moreover, I have only counted measurement within a range of magnitude of 10°—between a
thousand and thousandths of a base unit. Enlarging the system would only widen the gap in
efficiency between the two systems. Furthermore, I have not tried to account for the advantage
metric has due to its decimal base.

9. In the author’s conversations with several mathematics textbook editors, they estimated
that it has become possible in recent years to produce a new textbook in 3 years. Three years is
on the low end of the range of estimates.

10. In the original metric conversion studies conducted by the U.S. Department of Commerce
in the 1960s and 1970s, detailed estimates were made of the amount of time, money, and effort
needed to retrain all the country’s teachers in metric measures. Two weeks was on the
conservative end of the range of estimates.

11. To calculate the value of student time or teacher time, average expenditure-per-pupil and
teacher salary figures are multiplied by the time estimates. The author acknowledges that these
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should more precisely be regarded as measures of investment than as the real values that result
from those investments. But, the author also acknowledges that those resultant values could not
be estimated by any method much better than speculation given the paucity of information on
the subject. The estimates contained herein are rough enough, and they will have to do.

12. Highway mileage signs that are dual-labeled would probably have to have metric
measures written on a different-color background (yellow has been suggested) or in a different
script to clearly distinguish them from inch-pound measures.

13. The changeover in Canada was done with overlays at first, rather than with completely
new signs.

14. Assumptions include 3.75 million students per grade level, $31 per day in expenditures
per student, one sixth of each school day devoted to math, and a discount rate of 9% (see
Appendix A). Thus each day of math class saved is worth $19,375 million annually. PV (into
perpetuity) = $19,375/9% = $215 million for each day of math class saved.
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