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To the Honorable Senate and House of Representatives:

GENTLEMEN: The Legislative Research Council submits here-
with a report prepared by the Legislative Research Bureau on the
basis of House document numbered 6066 of 1973 relative to the
feasibility of using the metric system of measurement within the
Commonwealth, and of the problems and costs to the Massa-
chusetts economy and government of making such a transition.

The Legislative Research Bureau is limited by statute to “statis-
tical research and fact-finding.” This report therefore contains only
factual material without recommendations or legislative proposals.
It does not necessarily reflect the opinions of the undersigned
members of the Council.

Respectfully submitted,

Sen. ANNA P. BUCKLEY of Plymouth, Chairman
Rep. JOHN F. COFFEY of West Springfield, House Chairman
Sen. JOSEPH B. WALSH of Suffolk
Sen. JOHN F. PARKER of Bristol
Sen. WILLIAM L. SALTONSTALL of Essex
Rep. JAMES L. GRIMALDI of Springfield
Rep. PAUL J. CAVANAUGH of Medford
Rep. RUDY CHMURA of Springfield
Rep. SIDNEY Q. CURTISS of Sheffield
Rep. HARRISON CHADWICK of Winchester
Rep. ALAN PAUL DANOVITCH of Norwood
Rep. WILLIAM H. RYAN of Haverhill

Commontocaltti of jusette

LETTER OF TRANSMITTAL TO THE
SENATE AND HOUSE OF REPRESENTATIVES

MEMBERS OF THE LEGISLATIVE RESEARCH COUNCIL
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To the Members of the Legislative Research Council:

House, No. 6066 of 1973 directed the Legislative Research
Council to make a study and investigation relative to the use of
the metric system of measurement within the Commonwealth and
of the problems and costs to the Massachusetts economy and
government of making such a transition.

The Legislative Research Bureau submits herewith a report in
accordance with the above directive. Its scope and content are
restricted to fact-finding data only, without recommendations or
legislative proposals.

This report was the primary responsibility of Thomas K. Steel,
Jr. of the Research Bureau staff.

Respectfully submitted,

DANIEL M. O’SULLIVAN, Director
Legislative Research Bureau

®f)e Commontocaltf) of JHasteacfjufiette

LETTER OF TRANSMITTAL TO THE
LEGISLATIVE RESEARCH COUNCIL
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In compliance with the legislative directive (House, No. 6066 of
1973), this report discusses the feasibility of using the metric system
of measurement within the Commonwealth and the impact of its
adoption on the state’s economy. Representative Raymond M.
LaFontaine of Gardner sponsored this study order to assemble rele-
vant facts so that the state might approach the matter of metric
conversion in a firm, progressive manner.

Standards for weights and measures have been in existence since
the earliest days of civilization.

The metric system was first adopted in France in 1795 but was not
made compulsory until 1840. By 1900 the number of metric nations
had grown to 35. Today the United States stands alone as the only
major industrial nation either not on the metric system or committed
to a program of conversion. England, Australia and Canada are in the
process of implementing the system.

The metric system was legalized in the United States in 1866; in
1877 Massachusetts followed suit (G.L. c. 99). Controversy lias
marked its development in this country and it has never achieved
widespread acceptability.

Metrication is based on the decimal system and involves three
basic units in its everyday use: (a) meter for distance and length, (b)
gram for weight, and (c) liter for volume. These units are preceded by
prefixes such as “milli” for “I,oooth of’ and “kilo” for “1,000
times.” Thus, a millimeter is I,oooth of a meter or .04 of an inch in
the customary system, and a kilometer is 1,000 times a meter or
about .6 ot a mile. There is a logical relationship between each multi-
ple and submultiple, unlike the customary or English system which
relies on different multipliers and unrelated terms.

QZtje Commontucaltf) of iWasteacfjusiette

METRIC CONVERSION

SUMMARY OF REPORT

Origin and Scope of Study

Development of the Metric System
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Recent Federal Action Relative to Conversion

In response to the Congressional mandate (P.L. 90-472), a team of
investigators within the National Bureau of Standards completed a
comprehensive study of metric conversion in 1971. The study team
recommended that, since metric conversion is inevitable, the Con-
gress, after deciding on a plan for the nation, establish a target date
of ten years by which time the United States will become predomi-
nantly metric. Among other recommendations, the United States
Metric Study proposed (a) the creation of a national commission to
guide the changeover, (b) the voluntary establishment of transition
schedules by the various sectors of society, (c) early educational
undertakings to indoctrinate school children and the public at large
and (d) greater participation by this country in international stan-
dards activities. The study force omitted any endorsement of govern-
mental subsidies, as is presently espoused by Senator Claiborne Pell,
to assist industry and business in conversion nor did it advocate
compulsory metrication.

The team's survey of some 394 subunits within 50 federal agencies
revealed that whereas 50 percent of the individual entities polled
used at least some form of the metric system only 20 percent expect
to make increasing use of metrics and 43 percent do not plan to
expand their use of the system in their internal operations. The
National Bureau of Standards (NBS) and the National Aeronautics
and Space Administration (NASA) have been in the vanguard of the
metric movement.

Estimates of the total cost of a metric changeover in the United
States over a ten year period range from $45 to $lOO billion. Adop-
tion by the Federal Government of the metric system for its own
activities (excluding the Department of Defense) would require an
annual appropriation of approximately S5B million for a like period,
according to the U.S. Metric Study.

The U.S. Senate unanimously passed a limited conversion bill in
1972 but the session ended before any House action thereon.
Thirteen metrication bills sponsored by 55 individual lawmakers have
been introduced in the present session of the 93rd Congress. Support
is widespread, with indications that this Congress will pass some form
of metric legislation.
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Effect ofMetric Conversion in Massachusetts

State Government
The Division of Standards enforces weights and measures require-

ments in respect to the necessaries of life in the Commonwealth. A
changeover to metric would require the purchase of new field testing
equipment or at least the adjustment of the present equipment. Esti-
mates of the cost of conversion on this score total about Si million
nationwide and the expenditure for educating and training inspectors
would be another $3.1 million.

The highway divisions of the Department of Public Works must
change the various signs which refer to customary measures in the
event of conversion, for example, speed limits, destination indica-
tors and mile markers. The total number of such signs is not
known; however panels for certain ones cost $l2 per square foot.
Other foreseeable departmental expenses involve the replacement or
modification of tools, machinery and other equipment.

The Department of Education is in the process of establishing a
committee consisting of representatives from every level of education
to prepare for the impact of metrication upon education. The
University of Massachusetts is also taking an active role in metric
planning. Funds are being sought from the Federal Government to
conduct studies in special areas and programs have been devised to
acclimate both the student population and the public to features of
the metric system.

Manufacturing and Nonmanufacturing Fields

About II percent of U.S. manufacturing companies already use the
metric system to some degree. Other firms such as General Motors,
IBM and General Electric are converting voluntarily in certain areas.
The U.S. Metric Study estimates the cost of conversion for U.S.
manufacturers to be between 56.2 and $14.3 billion. Based on these
figures (Massachusetts generates about three percent of the total dol-
lar volume added to the nation’s economy by the manufacturing
sector), the cost to companies of this state would be between $lB5
and $430 million. The problems of small businesses in converting will
also be of particular interest to Massachusetts since 87 percent of the
state’s manufacturing firms employ less than 100 workers.
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Nonmanufacturing businesses should not experience as many
problems or as high costs as the manufacturing sector, according to
evidence uncovered by the U.S. Metric Study group.

Some doubt exists as to whether conversion to the metric system
will enhance the United States position in world commerce.
Massachusetts ranked 15th in the nation in exports last year with over
SI billion worth of goods being exported. For every $15,000 in ex-
port sales one new job is said to be created. Thus some 70,000 local
jobs are dependent on the export trade. Some observers indicate that
the metric system may be beneficial to Massachusetts on this count.

Problems in education will arise mainly in the areas of textbook
revision, teacher retraining and replacement of equipment. Though
cost estimates for instantaneous conversion are quite high the evi-
dence indicates that if the transition is made gradually over a period
of several years most costs can be absorbed.

Consumers

Latest surveys show that less than 45 percent of the American
people have knowledge of the elementary features of the metric
system. Proponents of metric state that top priority must be given to
a program of public education in order to alleviate the major disad-
vantages ol conversion in this area, that is, the psychological problem
of adjustment.

The customary system is clearly the predominant system in the
commercial area today. The U.S. Metric Study lias estimated that the
total nationwide cost of adapting or replacing commercial weighing
and measuring devices will be about 5340 million.

No estimates have been prepared relative to the potential costs in
this state. However, there are over 28,000 petroleum pumps in this
state and in fiscal 1973 inspectors from the Division of Standards and
local sealers of weights and measures tested 138,031 weighing and

Exports

Education

Commercial Weights and Measures
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measuring devices. As noted, the jurisdiction of such inspectors ex-
tends only to the Commonwealth’s 165 towns with populations un-
der 5,000. Local sealers of weights and measures are responsible for
this function in the other communities.

Metric conversion took 40 years to complete in Japan, with full
implementation being reached in the early 19605. The lack of a strong
promotional effort from the start hindered the process. None of the
difficulties encountered by the Japanese proved to be insurmount-
able and the process especially within industry proceeded rather
smoothly.

Industry led the way to conversion in England. In 1965 the Gov-
ernment decided on a ten year period to accomplish the changeover.
The Metrication Board was established in 1969 to coordinate the
metrication program and generally publicize it. The conversion is
completely voluntary and costs must “be where they fall.”

In 1972 when the Government refused to use its public purchasing
power to deliberately speed up conversion, a loss of momentum
resulted. Positive action by Government is needed in support of its
declared policy. Legislation which only lists measures of the custom-
ary system is also slowing down metrication.

Despite these drawbacks England has made much progress. Sur-
veys disclose that school children are conversant with metric terms.
All-metric cars are being built. Steel is being sold on the basis of
metric units. Both the clothing and fuel industries have metrication
programs underway. Farmers and their suppliers are committed to
metrication and industry will be substantially converted by 1975.

In general, such evidence as is available indicates that “conversion”
expenditures will not be as heavy as first expected.

Australia is well on its way to completing conversion within its ten
year target period of from 1970 to 1980. Canada has decided to

Experience of Other Countries

Japan

England

Australia and Canada
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convert to metric but is concentrating on preparations until the U.S.
situation becomes more positive.

Benefits and Disadvantages

The advantage of the metric system which is most often cited is
that it is easier to use than the customary system with its compli-
cated fractions. Proponents also point out that because of its relative
ease school children, especially those with educational disabilities,
are able to grasp the metric system more quickly, thus allowing more
time for other learning projects.

Those who favor metrication further argue that use of the metric
system by industry will increase efficiency and lower costs. Also
foreign trade may be increased as the U.S. gets in step with the rest
of the world. The repair and maintenance of the metric equipment of
our military allies would be facilitated by U.S. metrication. U.S.
interests would be better protected at international conferences rela-
tive to standards if conversion policy was set. Finally, proponents
stress that the costs of conversion will be temporary, while the bene-
fits will continue indefinitely.

Opponents of a metric changeover emphasize the confusion which
will occur during the transitional period when the simultaneous use
of both systems will be necessary. Adoption of the metric system is
viewed as most impractical and costly and of no advantage to
Americans by opponents of metrication.

Critics suggest that the U.S. position on foreign trade may be
weakened because of increased prices and costs resulting from the
transition. Virgin domestic markets may be opened to imports from
countries that do not now make products to customary specifica-
tions.

“Anti” forces stress that labor will suffer a “loss of experience”
which will be reflected in loss ot production. Costly dual inventories
will have to be kept for years after conversion otherwise seems com-
pleted. The problems of storage may be monumental. Opponents
further aigue that the U.S. economy is in enough trouble today
without adding to the problems with a troublesome change in meas-
urement standards.
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Origin ofStud}

This report is required by a legislative order, House, No. 6066 of
1973, printed on the inside of the cover page of this document,
which was adopted by the House of Representatives on April 25,
1973 and by the Senate, in concurrence, on April 26, 1973.

Representative Raymond M. LaFontaine of Gardner, the sponsor
of this study order, initially proposed that a special commission
investigate the feasibility of using the metric system of measure-
ment within Massachusetts (House, No. 5601 of 1973). This bill
was given a public hearing on January 31, 1973 and then received
an unfavorable report from the Committee on Commerce and
Labor on Febiuary 27, 1973. The Committee reasoned that the
state must look to the Federal Government for the initiation of
metric conversion since it would not be feasible for the state to act
separately from the rest of the nation in this regard. Nevertheless
on February 28, 1973 the study order for this report was
substituted for House, No. 5601, then referred to the Committee
on Joint Rules, and subsequently adopted.

Representative LaFontaine, being aware of activity by the
Federal Government and other states in the area of metric
conversion, has expressed the desire that the Commonwealth
approach this matter in a firm, progressive manner so that when
the time does come for conversion into metric an orderly transfer
based on comprehensive planning will result.

Scope of Study

This study is not a plan for conversion in the Commonwealth.
This report is necessarily a limited document which offers histor-
ical material as to the origin and development of the metric
system, a comparison of the metric system with our customary
system and an analysis of some of the possible problems and costs

®fje Commontoealtt) of ifflas(s(a£()U£(ett«

METRIC CONVERSION

Chapter I. INTRODUCTION
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of metric conversion to, the Massachusetts economy and govern-
ment. Further, this report discusses recent action on the federal
level relative to a changeover to metric in the United States and
relates the experiences of other nations in their particular attempts
at conversion. Finally, the benefits and disadvantages of the
adoption of the metric system in this country are also explored.

Chapter 99 of the General Laws of Massachusetts explicitly
states that;

The weights and measures of the metric system may be employed and
used in the commonwealth, and no contract or dealing shall be deemed
invalid and no pleading in any court shall be open to objection because the
weights or measures are stated therein.in terms of the metric system.

This statute was enacted in 1877, eleven years after the metric
system was formally legalized by Congress, and has not been
substantially changed since that date.

Thus, within the Commonwealth of Massachusetts there exist no
statutory impediments to metric conversion. Quite the contrary is
true since the system is authorized by both the federal and the
state levels of government.

Chapter 11. DEVELOPMENT OF MEASUREMENT SYSTEMS

A system of weights and measures can be traced back to the
emergence of civilization. Standards for weights and measures were
in existence at the time of the Mesopotamian civilizations, that is,
prior to 3000 8.G., and during the period when the Egyptian
pharaohs were building their massive pyramids from 3000 to 1800
B.C.

The Old Testament of the Bible contains many references to
weights and measures such as the dimensions of Noah’s Ark, and
the amount of flour and cinnamon needed for an offering. The

Massachusetts Metric Law

Origin of Weights and Measures
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following quote from the Book of Proverbs 20: 10 indicates that a
system had developed during biblical times: “Divers weights and
divers measures, both of them are alike abomination to the Lord.”

The system of weights and measures as developed in ancient
Greece and Rome has had a direct effect on the customary system
as it exists today, particularly as to nomenclature. The commit-
ment of the Romans to a duodecimal system of numbers led to
the acceptance of the pound as the most widely used unit of
weight prior to the creation of the metric system. The abbreviation
for pound, “lb.”, is derived from ihe Latin “libra” meaning weight.
Also the Roman “pes” or foot was divided into twelve “uncial” cl-

inches. In fact, the difference between the Roman foot and the
foot in use in the United States today is a mere four-tenths of an
inch.

In England the customary system evolved in a rather inexact
fashion. Measurements of length initially were based upon the yard
or girth of Saxon kings. Modifications occurred until 1305 when a
system based on the inch which consisted of three grains of barley
dry and round was established. The foot was defined as twelve
inches and the yard consisted of three feet. A great number of
units gradually crept into everyday use in England so that con-
fusion often reigned. For example, measurements of capacity
included such diverse units as the pottle, the gallon, the bushel, the
firkin, the stake, or the cartload.

In time, varying and often conflicting systems of measurements
emerged throughout Europe and the rest of the world. A study
conducted early in the Nineteenth Century revealed that, at the
close of the Eighteenth Century, in different parts of the world the
word “pound” was applied to 391 different units of weight and
the word “foot” to 282 different units of length. 1

Origin and Development of the Metric System

The first well-defined proposal for a comprehensive decimal
system of weights and measures appears to have been made by
Gabriel Mouton, vicar of St. Paul’s Church in Lyons, France in the
year 1670. It was not until 1790, however, during the intellectual
ferment flowing from the French Revolution that Charles Maurice

Donovan, I rank R.. Prepare Now for a Metric Future , Weybrighl and I alley, New
York, 1970, 212 pp,, p. 14,
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de Talleyrand, a leader in the National Assembly, organized a
committee of experts to devise a new system of measurement.
After a great deal of deliberation the committee urged the
adoption of a decimally based system with the new unit of
measurement being given the name “meter” as derived from the
Greek “metron” meaning a measure.

A meter was originally designed to equal one ten-millionth of a
quarter meridian, that is, one ten-millionth of the distance from
the pole to the equator. At this time it was also decided to use
polysyllabic names in the system with Greek prefixes such as
“kilo” (1,000 times) to be affixed to the basic unit’s name to
denote multiples of it, and Roman prefixes such as “milli”
(I,oooth of) to denote subdivisions. An act was passed in 1795
which legalized this metric system in France.

The new system was officially adopted but met considerably less
than enthusiastic response from the people and the business
community of France. As a result, in 1812 Napoleon legalized a
system which allowed familiar names to be applied to metric units.
This confusing condition of two systems was corrected in 1837
when the Napoleonic decree was repealed and the metric system
was made compulsory as of January 1, 1840.

As advantages were seen by other countries the metric system
began to gradually spread. First it was adopted in the Netherlands,
then Italy, later in Spain and Portugal and from that base South
American countries followed suit. By 1880, 17 countries had
officially adopted the metric system and by 1900 this number had
grown to 35. This growth continued into the Twentieth Century,
with the most recent additions to the list England (1965), Canada
(1970) and Australia (1970) deciding to convert to metric over a
ten year period. The international expansion of the metric system
has been so complete that at the present time only ten countries
have neither converted nor decided to convert to the metric
system. Of these the United States is the only major industrial
nation still clinging to the customary system of weights and
measures. The other nine non-metric nations are Barbados, Burma,
Gambia, Jamaica, Liberia, Nauru, Sierra Leone, Tonga and
Southern Yemen.
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Development of System in UnitedStates

Article I, Section 8 of the United States Constitution gives
Congress the power “to fix the standard of weights and measures.”
In 1790, President Washington referred to the problem of uniform-
ity of weights and measures as an “object of great importance.” 1

The matter was referred to Thomas Jefferson, then Secretary of
State, who proposed a decimal system which he viewed as a logical
extension of the recently adopted decimal coinage system.
However, Jefferson’s plan was not adopted by Congress.

In 1816, President James Madison urged Congress to act on the
problem of achieving uniformity of weights and measures and
recommended “the great utility of a standard fixed in its nature,
and founded on the easy rule of decimal proportions.” 2 A year
later, in 1817, nearly thirty years after Jefferson’s study. Secretary
of State John Quincy Adams was commissioned by Congress to
comprehensively reinvestigate the problem.

In his Report Upon Weights and Measures, submitted in 1821,
Adams offered a series of recommendations while pointing out the
advantages and disadvantages of the metric system. He praised the
metric system in phrases such as the following:

. . .There can be neither doubt nor hesitancy in the opinion that the
ultimate adoption and universal, though modified, application of that
system is a consummation devoutly to be wished. . . 3

Adams realized the advantages of such a system as that designed
by France but also doubted the practicality of trying to impose
that system upon Americans:

The power of the legislator is limited over the will and actions of his
subjects. His conflict with them is desperate, when he counteracts their
settled habits, their established usages, their domestic and individual
economy, their ignorance, their prejudices, and their wants; all which is
unavoidable in the attempt to change, or to originate, a totally new system
of weights and measures. 4

1 Treat Charles A History of the Metric Controversy in the United States, NBS Spec
Publ, 345-10, August 1971, SD Catalog No. C 13-10 ; 345-10, p. 17

2 Ibid., p. 23.
3 On. cit., Donovan, p. 30.
4 Ibid.
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Adams recommended to Congress that a two-step program be
established; first, to make the customary standards then in use
more uniform from state to state, and secondly that conferences
with the Ministers of France, England and Spain be held for the
purpose of achieving a permanent international uniform system.
However, as with Jefferson’s report in 1790, Congress did not take
action on Adams’ recommendations. It was not until 1850 that the
United States set up a uniform standard of weights and measures,
and not until the 1870’s that the United States took part in any
international meetings relative to a uniform system. Even so,
Adams’ objective work has constantly been referred to over the
years to bolster the arguments of proponents and opponents alike
of metric conversion.

In 1866 the metric system was formally considered for use in
the United States by a Congressional committee for the first time.
On the advice of the National Academy of Science, Congress
enacted legislation that legalized the use of metric weights and
measures in the United States. The system was not made compul-
sory; it was merely legalized. The common system as it has
developed through state laws has never been officially endorsed by
Congress. Thus, the metric system as sanctioned by Congress is the
only strictly legal system of measurement in the United States.

In many ways this Congressional action in 1866 marks the high
point of metric development in the United States. Legalization was
a significant achievement in itself; yet the system simply did not
receive the approval of the populace which its proponents hoped
would follow such legalization. The firmly entrenched customary
system was not significantly shaken.

In 1875, the United States by signing the Treaty of the Meter
became a member of the International Bureau of Weights and
Measures which was created by that authority. The international
prototypes of the meter and the kilogram were established as a
result of this treaty and by 1893 standards based on these
prototypes were adopted in the United States as the fundamental
standards from which the customary units such as the yard and the
pound were to be derived. Again, this had little impact on the
everyday life of the American citizenry.
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Congress came close to enacting legislation in 1896 which
required all governmental departments to embrace the metric
system by 1899. This bill passed the House by the slim margin of
119 to 117, but it was later recommitted to the Committee on

Coinage, Weights and Measures where it died.
The controversy smoldered over the first few decades of the

Twentieth Century with bills still being introduced in Congress but
no action being taken. In 1957 the Soviet Union launched the first
Sputnik satellite and Americans became concerned over this
country’s competitive standing in the scientific world. Since the
metric system is used universally in the science disciplines, the
United States Government undertook steps to increase its usage in
this country. Thus in 1957 the Army shifted to the metric system as
the standard for weaponry and related equipment requirements.

In 1960 the United States participated in the General Confer-
ence of Weights and Measures which met to standardize the metric
system. Subtle differences among nations had occurred on the
highest levels of scientific and engineering measurements, and this
source of error had to be eliminated. The result was the Inter-
national Metric System from which all tire U.S. customary meas-
urements of today are derived. This system became known as the
Systeme International d’Unites (SI). Throughout this report SI will
be used interchangeably with the term metric system itself.

In the years following Sputnik’s launching many study proposals
were sponsored in Congress. Until England announced its ten year
metric conversion plan in 1965, those measures generated little
legislative support. In 1968 Congress passed a bill which directed
the Secretary of Commerce to undertake a comprehensive study of
the issue of metric conversion. This bill was signed into law as
Public Law 90-472 and the resultant U.S. Metric Study completed
in 1971 serves as a source reference for much of the data that
appears in the following chapters of this report.

Comparison of Customary and Metric Sy stems

Proponents of the metric system have consistently urged its
adoption because in their opinion it is much simpler to compute
and easier to use than the conventional English system. To the
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average American, however, the metric system with its foreign
sounding names and prefixes seems much more complicated than
the system he now uses daily.

In evaluating the two standards for weights and measures,
criteria for comparison should include:

a. sizx and number of units in each system.
b. names uses in each system whether they are simple, brief

and allow for acceptable abbreviations.
c. relative convenience in calculation.
The most commonly used metric units and tables are:

1 centimeter (c)
1 meter (m)

10 millimeters (mm)
1,000 millimeters

1 meter100 centimeters
1.000 meters
1.000 grams (g)
1.000 kilograms
1.000 milliliters

1 kilometer (km)
1 kilogram (kg)
1 metric ton (t)
1 liter (1)

The decimal basis of the system is obvious in the
interrelationships of the units in that the only numbers involved
are 10, 100, and 1,000. These are the basic elements of the metric
system.

The following table indicates the conventional equivalents of the
most common metric units.

TABLE 1. Conversion of Metric Units into Customary Units

A. Length

1 millimeter 04 of an inch
1 centimeter 4 of an inch
1 meter 3.3 feet or 1.1 yards
I kilometer 5/8 0f a m j|e

B. Area

I s4 uare meter 10.76 square leet or 1.2 square yards
1 hectare 2.5 acres
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C. Weight

1 gram 035 of an ounce
1 kilogram 2.2 pounds1

1 metric ton 2,205 pounds

D. Volume

1 milliliter 1/5 of a teaspoon
1 liter 1.05 quarts or .26 gallons
1 cubic meter 35.7 cubic feet or 1.3 cubic yards

In addition, the following list identifies the approximate metric
equivalent of several common customary measurements:

1 ounce of cooking fat 25 grams
1 pound of flour 500 grams
2 pounds of sugar 1 kilogram
Vi pint of milk 300 milliliters

1 quart of paint 1 liter
10 gallons of gas 40 liters
Wi inch nail 40 millimeters
6 foot man 180 centimeters
12 foot room 4 meters

30 yard hall 30 meters
2 mile road 3 kilometers
150 mile distance 240 kilometers
130 square foot room 12 square meters

As the foregoing translations indicate, the metric system parallels
the customary system in significant respects. The meter is only
slightly larger than the yard; the liter is also only slightly larger
than the customary quart size, while a kilogram approximates two
pounds.

As has been noted, one of the advantages of the metric system
is its simplicity since it is based on the decimal system. On the
other hand, customary tables of measurements rely on different
multipliers and unrelated terms. Thus, to determine a specific
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indicia of distance, for example a mile, the following arithmetic
process is pursued: inch x 12 = foot, x 3 = yard, x 1,760= mile.
Each name and unit is unrelated and must be memorized
separately. In contrast, under metric the formula applied
is: millimeter x 10 = centimeter, x 100 = meter, x 1,000 =

kilometer. Each metric name and unit is related on the basis of ten
and knowledge of one unit logically leads to knowledge of each
interrelated unit.

At least two of the customary units have no abbreviations, that
is, peck and ton. Two other abbreviations, oz. for ounce and lb.
for pound, bear little or no logical relationship to the actual name
of the measure which they symbolize and these abbreviations must
be memorized separately as well. The metric abbreviations, on the
other hand, are clearly derived from the units they designate.
Brevity is also evident in the metric system, for example, the
abbreviated customary clause 3 lbs., 5/4 oz. becomes even more
concise in the metric system as 1.52 kg.

It is, however, primarily in an analysis of the relative
convenience of calculation that the advantages of the decimally
based metric system over the American system of pounds and
inches become most readily apparent. Fundamentally, the ad-
vantages flow from the edge that the decimal system itself holds
over the fractional system in ease of calculation. A few examples
will suffice to illustrate this point. A simple example is one
wherein a person is asked to find out how many yards in 161
inches. The result can be obtained in two ways under the
customary system: (1) divide 161 by 36 to get 4-17/36 yards, or
(2) divide 161 by 12 to get 13-5/12 feet and then by 3 to reach
the answer of 4-17/36 yards. A similar problem in the metric
system would be to ascertain how many meters in 161 centimeters.
Since there are 100 centimeters in a meter all that must be done is
to move the- decimal point two places to the left, which is the
same as dividing by 100, and the answer is 1.61 meters.

The mastery of fractions is one of the major obstacles every
American schoolchild has to overcome in order to be proficient in
the customary system. A problem such as the following necessarily
confronts every grade school child. If a chain is 15 yards 2 feet
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long and the weight of one yard of chain is 3 pounds, 5 ounces,
how much does the chain weigh? Standard procedures of elemen-
tary arithmetic are followed (yards are reduced to feet and pounds
to ounces) and these expressions are converted to improper
fractions: 3 xl 5 = 45, +2 = 47, 47/3; and 16 x 3 = 48, +5 = 53,
53/16. Then these fractions are multiplied: 47/3 x 53/16 =

2491/48. Finally, after dividing by 48 the result is 51-43/48
pounds.

A comparable example in the metric system would involve the
multiplication of 15-7/10 by 3-3/10. Through the use of a
common denominator the above figures become 157/10 x 33/10
which requires a single multiplication to produce 5181/100 or
51-81/100 pounds. As indicated in the first example above,
however, in calculations under the metric system it is not necessary
to record all mention of tens since the decimal point can be used
to great advantage. The equation then becomes 15.7 x 3.3. An
answer of 51.81 pounds is ascertained, with only one multiplicator
involved and the complications wrought by fractions totally elimi-
nated.

In still another example the question as to how many meters in
4.35 kilometers can be easily answered by moving the decimal
point to get the answer of 4,350 meters. To discover how many
yards in 4.35 miles is not nearly as simple. Many examples of a
more complicated nature could also be used to demonstrate the
relative ease of the metric system but these are sufficient to point
out the primary advantage of the metric calculations which is the
elimination of the time consuming and error prone process of
fractions so prevalent in the customary system.

Finally, it should also be noted that while conversion to the
metric system would not affect the measurement of time it would,
however, change the temperature scale. The temperature at which
water freezes would no longer be 32° Fahrenheit but rather 0°
Celsius. Thus, under the new system a day of 25° would be a
delightful beach day.
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Chapter 111. RECENT FEDERAL ACTION RELATIVE TO
METRIC CONVERSION

United States Metric Study

In August of 1968, Congress passed the Metric Study Act,
Public Law 90-472, which authorized the Secretary of Commerce
to make a study to determine the advantages and disadvantages of
increased use of the metric system in the United States. Congress
sought answers to such questions as: What is the effect on the
United States of the worldwide movement to metric? Should the
United States switch to metric now? What would be the benefits
and costs of such a conversion? Secretary Stans recognized the
broad scope of such an inquiry and asked the National Bureau of
Standards to undertake the study.

A team was formed within the National Bureau of Standards
headed by Daniel V. DeSimone, a lawyer as well as an engineer,
and this team polled 4,000 companies, 53 federal agencies, hun-
dreds of educators and 1,400 families. The study took three years
to complete and ultimately cost over $2.5 million. Its 13 volumes
weigh ll‘/2 pounds or more appropriately 5.2 kilograms. There are
12 interim reports which specifically cover vital areas of interest
and a final report entitled A Metric America: A Decision Whose
Time Has Come which summarizes and draws together all the
information compiled in the 12 reports. The 13 volumes are;

A Metric America: A Decision Whose Time Has Come, by Daniel
V. DeSimone, National Bureau of Standards Special Publication
345, July 1971, $2.25, SD Catalog No. C 13.10:345.

International Standards, by Robert D. Huntoon et al, NBS Spec.
Publ. 345-1, December 1970, $1.25, SD Catalog No. C13.10:345-1

Federal Government Civilian Agencies, by Roy E. Clark and John M.
Tascher, NBS Spec. Publ. 345-2, July 1971, $2.25, SD Catalog No.
C13.10:345-2.

Commercial Weights and Measures, by Stephen L. Hatos, NBS Spec.
Publ. 345-3, July 1971. $l.OO, SD Catalog No. Cl 3.10:345-3.
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The Manufacturing Industry, by Morris H. Hansen, A.G. McNish,
and Louis E. Barbow, NBS Spec. Publ. 345-4, July 1971, $1.25,
SD Catalog No. C 13.10:345-4.

Nonmanufacturing Businesses, by Elaine D. Bunten and June R.
Comog, NBS Spec. Publ. 345-5, August 1971, $1.50, SD Catalog
No. C13.10:345-5.

Education, by Berol L. Robinson, NBS Spec. Publ. 345-6, August
1971, $1.75, SD Catalog No. C13.10:345-6.

The Consumer, edited by Bruce D. Rothrock, NBS Spec. Publ.
345-7, July 1971, $1.25, SD Catalog No. C13.10:345-7.

International Trade, by Gerald F. Gordon, NBS Spec. Publ. 345-8,
August 1971, $1.50. SD Catalog No. C13.10:345-8.

Department of Defense, by Leighton Lomas et al, NBS Spec. Publ.
345-9, July 1971, $1.25, SD Catalog No. C 13.10:345-9.

A History of the Metric Controversy in the United States, by
Charles F. Treat, NBS Spec. Publ. 345-10, August 1971, $2.25,
SD Catalog No. C13.10;345-10.

Engineering Standards, by Robert D. Stiehler, NBS Spec. Publ.
345-11, July 1971, $2.00, SD Catalog No. C13.10:345-l 1.

Testimony of Nationally Representative Groups, edited by Jeffrey
B. Odom, NBS Spec. Publ. 345-12, July 1971, $1.50, SD
Catalog No. C 13.10:345-12.
The United States Metric Study came out strongly in favor of

metric conversion. The study force recommended that:
1. the United States change to metric deliberately and carefully

through a national program;
2. a central coordinating body be set up by Congress such as a

National Commission to guide the changeover and be respon-
sive to all sectors of society;

3. detailed plans and timetables be worked out within these
sectors themselves;

4. early priority be given to education of both the American
schoolchild and the public at large;

5. Congress take immediate steps to foster this country’s partici-
pation in international standards activities;
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6. costs lie where they fall in order to encourage efficiency and
minimize overall costs to society; and

7. Congress, after deciding on a plan for the nation, establish a
target date of 10 years by which time the United States will
have become predominantly metric.

Significantly, the study, while urging a nationally coordinated
plan, did not recommend making metrication mandatory. Details
and timetables are to be left to the individual sectors of society to
work out on a completely voluntary basis. The goal sought to be
achieved at the end of the 10-year conversion period is one of a
predominantly metric America, not an exclusively metric one. On
the issue of costs as a factor in the “conversion” decision, the
researchers observed that larger companies may absorb the costs of
metrication much more easily than small businesses which could
conceivably be driven out of business by the costs of too rapid a
conversion.

The study’s analysis as to benefits and costs of conversion to the
government and economy of the United States will be examined in
detail in the next chapter.

Congressional A ction and Prospectus

Since the completion of the Metric Study in 1971 there has
been a great deal of Congressional activity relative to metric con-
version. In 1972 the Senate, without debate, passed a limited
metric conversion bill, S. 2483, by a vote of 79-0. This action
came late in the session, however, and the House never brought the
legislation to a vote. The terms of this bill followed closely the
recommendations of the Metric Study in urging the creation of a
National Metric Conversion Board and calling for voluntary con-
version throughout the country with a 10-year deadline.

Observers are highly optimistic that a metric conversion bill will
emerge from the 93rd Congress which convened in January of
1973. Support for such a proposal is widespread. Thirteen bills

sponsored by 55 individual lawmakers have been introduced in the
present session. Moreover, President Nixon in his 1972 State of the
Union message urged Congress to move on the matter to enhance
our competitive position in world trade. Indeed, there does not
appear to be any major opposition within Congress to the idea that
some positive action is needed now in the area of metric conver-
sion.



1973] HOUSE No. 7608 27

The Administration’s bill, H.R. 5749, is substantially the same as
the measure which passed the Senate in 1972, and the other bills
only differ from it in minor details. Perhaps the most significant
bill, however, is S. 100 introduced by Senator Clairborne Pell
(D-Rhode Island). Pell’s bill includes five basic points:

1. Conversion to metric system over a 10-year period.
2. Creation of a national board to implement changeover.
3. Conversion plans include an appeals process to grant exemp-

tions from the use of the metric system in cases of unforeseen
hardship.

4. Provisions for aid to small businesses and individuals severely
affected by metric conversion.

5. Establishment of a national information and education program
about metric conversion.

Thus, Senator Pell’s bill would attempt to cushion the impact of
metric conversion on those enterprises which would be adversely
affected therefrom. The Small Business Administration would be
empowered to provide loans to small businesses as well as grant up
to $2,000 a person to any individual whose trade would be
severely affected by the changeover to the metric system.
Machinists and auto repairmen who would need to replace tools,
for example, could receive assistance under this provision. United
States industry, in general, stands to benefit from passage of
Senator Pell’s bill since it authorizes a double rate of depreciation
for tax purposes to businesses which buy new equipment for
purposes of metric conversion.

Each bill directs the National Metric Conversion Board to devise
a comprehensive plan, within 18 months of funding, describing the
methods to be used to accomplish the conversion and also to
provide Congress with legislative recommendations. Thus, even
after passage of a bill there would be a period of at least 18
months before Congress would take any significant action on
metric conversion beyond the initial action of moving the nation
closer to conversion to the metric system.

Public hearings were held by the House Committee on Science
and Astronautics Subcommittee on Science, Research and Develop-
ment from March 19 to 21, 1973. Representative Olin F. Teague
(D-Texas), who has sponsored metric legislation himself, is Chair-
man of the Committee and at the beginning of the session he
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stated that the metric issue would be given high priority and went
on to predict the measure would receive Committee approval. 1

However, the Committee has not as yet made its recommendations
relative to any particular metric plan.

The United States Metric Study team surveyed 55 Federal
Government civilian agencies which included, among others, the
Department of Agriculture, the Department of Health, Education
and Welfare, the National Aeronautics and Space Administration,
the Maritime Administration, the Federal Communications Com-
mission and the Tennessee Valley Authority. On the basis of
responses from some 394 subunits within 50 of these agencies the
study team compiled the following statistics;

a. More than 50 percent of the individual entities polled use at
least some form of the metric system.

b. Only 20 percent expect to make increasing use of metrics in
their internal operations whereas 43 percent of the 394 sub-
units do not plan to expand use of the metric system.

The costs of conversion would be reflected primarily in the areas
of (a) employee retraining, (b) replacement of measuring instru-
ments, (c) revisions of publications, and (d) the maintenance of an
inventory of parts for old equipment. The annual added cost to
the federal budget (not including the Department of Defense) of a
10-year coordinated national metrication program has been roughly
estimated at $5B million. The Department of Defense in a separate
report of the study estimates the added cost to maintain constant
mission capability while converting to the metric system to be
approximately $lB billion. Despite the rather high cost factor, 48
of the 50 agencies surveyed expressed the opinion that the ad-
vantages of conversion outweighed the disadvantages; and 39 indi-
cated support lor a coordinated national etlort to increase the use
of the metric system in the United States.

Among federal agencies, the National Aeronautics and Space
Administration (NASA) has been in the vanguard of the metric

Federal Agencies

1 “Drive to Put U.S. on Metric System”. US. News and World Renort \/„i n* ,

1,1973, p. 53. P ’ Vol ' 74, January
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movement, using the system in basic research, laboratory analyses,
electronics, fluid mechanics and in areas where international pro-
grams are involved. On the other hand, it adheres to the customary
system in such areas as mechanical engineering and design, fabrica-
tion and plant engineering. NASA recently announced the forma-
tion of a Metrication Task Group and Dr. Eberhard Rees, Director,
offered this comment at that time:

It is important that we continue to move forward in converting to the
use of metric units, not only in our publications, but also in our thinking,
and to an increasing degree in our engineering and fabrication activities. I
realize this will take time and exceptions will have to be made for some
time to come; however, we must move steadily toward wider use of the
metric system. 1

The National Bureau of Standards which was responsible for the
U.S. Metric Study may be the most logical agency to lead any
movement toward metric conversion. Virtually all National Bureau
of Standards programs make significant use of the metric system in
their activities, and as a matter of policy the system must be used
in all official writings, except where such usage would impair
communications or reduce the usefulness of a report. Yet, even
though the Bureau makes a great deal of use of metrics and is
available to provide technical information as regards the system,
Congress has ordered the Bureau not to tool up for, or actively
advance, the process of metrication until Congress itself has
formally acted upon the issue.

Chapter IV. EFFECT OF METRIC CONVERSION ON MASSACHUSETTS
ECONOMY AND GOVERNMENT

Difficulty of Cost-Benefit Analysis

Estimates of the total cost of metric conversion in the United
States over a ten-year period range from a low of $45 billion to
amounts in excess of $ 1 00 billion. However, it is most difficult to
accurately assess the costs of conversion and attempting to put
price tags on benefits is even more of a problem. Costs include not

1 “NASA Continues on Metric Road,” Metric Association Newsletter , ed. by Louis 1
Sokol, Vol. 8, No. 1, February, 1973, p. 2.
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only direct expenditures for physical changes such as modification
of scales or replacement of machinery, but also unascertainable
losses such as employees having to work more slowly at first to
avoid mistakes. Benefits may result indirectly from the elimination
of superfluous parts and sizes and during transition as well as more
directly by saving time in the education of school children.

None' of the countries which have swung over to the metric
system or are in the process of a changeover have been able to
estimate the total cost of the conversion. This difficulty is
underscored in the following statement of Gordon Bowen, Director
of the British Metrication Board:

Many of our firms with sophisticated accounting techniques have
concluded that trying to identify the metric cost element is not truly
meaningful and certainly not worth the accounting effort required. 1

The United States Metric Study team sought data on benefits
and costs from the relevant sectors of the economy and reached
the following conclusions:

The ideal outcome of this procedure would have been a simple
aggregate figure like the bottom line of a profit-and-loss state-
ment representing the net benefit (or cost) of the nation of going metric
under a coordinated national plan. The figure would have resulted from
adding estimates of all aggregated benefits and all aggregated costs and
finding the difference between the two totals.

This conceptually simple approach was not feasible. First, few of the
groups from whom benefit and cost data were solicited were able to
furnish them. Second, the benefits and costs are not directly comparable,
inasmuch as they would occur at different times. Virtually all the costs
would be incurred during the transition period, at a time when benefits
were just beginning. Most of the benefits would come after the transition.
Ihird, the majority of benefit and cost items are basically elusive
perhaps even unknowable in dollar terms. 2

Nevertheless, the researchers were able to compile estimates of
costs and benefits in key areas of conversion. These projections
serve as the basis for the determination ot the estimated costs of

1 “Metric Conversion,” Hearings before Committee on Commerce, United States Senate,
Kebruary 29 and March 1,1972, p. 274.

2 Op. cit., DeSimone, p. 98.
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conversion to the Commonwealth that follow. Thus, these figures
must be critically viewed, in the light of the qualifying factors
mentioned above.

State Government

Conversion to the metric system will be quite costly for certain
state agencies while others will be only slightly affected. The
Council of State Governments prepared a report on Metrication in
the States in 1970 as part of the United States Metric Study
authored by the National Bureau of Standards. The report was based
on information obtained from personal interviews with public
officials in two states, California and Kentucky. Though the report
focused on only these two states the following conclusions may
apply to Massachusetts as well:

To summarize, state officials indicated the customary system of
measurement is used almost exclusively except in the areas of pharmaceu-
ticals, laboratories, and testing. There is little pressure within the Stales
interviewed to change to metric usage. Contact with foreign countries and
theirmetrically engineered products is small.

The States would rather be reactors than initiators of policy in this area
as they consume goods, not manufacture them. They would prefer a
planned metrication policy directed on the federal level. At the same time,
some officials urged further study of the costs of change and priorities of
change; and expressed hope that the federal government would carefully
plan for conversion so there would be as little disruption of normal
operations as possible.

The impact of metrication within state government would be felt most
by highway and transportation agencies, weights and measures agencies
and offices within agencies who perform engineering functions.

Few officials foresee immediate savings or advantages to conversion,
but most officials were ready to accept the change based on its long-range
benefits of simplicity of use, and promotion of worldwide trade and
understanding. 1

State agencies most affected
in the following sections.

by metric conversion are discussed

1 The Council ol State Governments, Metrication in the States, Lexington, Kentucky
December 15, 1970, p. 9.
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The Division of Standards is essentially concerned with the
enforcement of weights and measures in respect to the necessaries
of life. It also acts as a liaison between municipalities, industry
and the National Bureau of Standards on measurement problems.
Under the proposed reorganization of state government, the Divi-
sion is placed within the Executive Office of Consumer Affairs.

Chapter 98 of the Massachusetts General Laws defines the
powers and duties of the Director of the Division of Standards.
That section also contains the laws regulating measurement, weigh-
ing and related devices in the Commonwealth. The sealer of
weights and measures in cities and large towns is responsible for
the enforcement of the laws pertaining to such devices. In the 165
towns of Massachusetts with populations under 5,000, the Division
of Standards acts as the enforcement agent.

The Division currently has facilities and equipment to make
certain tests both in metric and customary units. However, a
changeover to metric would require the purchase of new field
testing equipment or at least the adjustment of the present
equipment to meet the new demands of conversion. The United
States Metric Study suggests that this aspect of metrication would
cost about $ 1 million nationwide and also that the expenditure for
educating and training inspectors in the metric system would be
another $3.1 million. 1 At the present time there are 20 state
inspectors and some 200 inspectors operating within Massachusetts
local governments.

Over $8 billion per year is spent in Massachusetts on goods and
services that are weighed, measured or countered in commercial
activity subject to the jurisdiction of weights and measures admin-
istrators. 2 Food purchases alone account for approximately $3
billion at the retail level. Re-weighing of pre-packaged food com-
modities has protected the state s consumers against approximately
$3.2 million in overcharges last year.

Retail sales ot gasoline in Massachusetts amount to over 2.2
billion gallons annually, with an estimated value of $B5O million.

State Division of Standards

1 Halos, Stephen L., Commerical Weights and Measures, NBS Spec Pnhl MS 3 Inlv
1971, SD Catalog No. C13.10:345-3, p. 2. ' ' ’ y:

2 Annual Report of the Division of Standards for the Fiscal Year Ending June 30 1972
Donald B. Falvey, Director, p. 8.
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There are an estimated 28,000 gas pumps in the state. More than
2.1 billion gallons of No. 2 fuel oil, with an approximate value of
$450 million, is sold each year. The total petroleum sales in the
Commonwealth equal approximately 8.5 billion gallons. This
product, in most cases, must be measured twise by inspectors, first
at the bulk plant and later at the station pump or retail delivery.
The necessity of two measurements means that almost 17 billion
gallons of petroleum fuel are measured commercially each year
with a computed money value of $2.9 billion.

In the area of food commodities, 97,058 packages were inspec-
ted by the state to check conformity of the marked quantity and
price with the actual quantity and price. Though 66,958 units were
found to be correct, 18,897 were less than the marked weight and
11,203 weighed more. Similarly, inspectors from the Division of
Standards and local sealers of weights and measures tested 138,031
weighing and measuring devices in fiscal 1973.

The Division is well aware of the possibility of metric conversion
and has shown willingness to play a significant role in the
transition period as the following excerpt from the Annual Report
at page 21 would indicate:

Not only would we have to maintain our basic goal of effective weights
and measures program but we would also have to be the central state
office in setting up educational programs for consumers at all levels that
would be affected by such a change. This would include the general public,
manufacturers, distributors and all other segments of our population that
deal in some way with weighing or measuring.

Those divisions of the Department of Public Works (DPW)
concerned with highways and maintenance such as the Highway
Design and the Highway Engineering Divisions, the Traffic Engi-
neering Division and the Maintenance Division will be greatly
affected by metric conversion. The major costs will be in the areas
of converting signs to metric and replacing mechanics’ tools.

There are basically four types of signs which now explicitly use
the customary system and must be converted;

1. Speed limits
2. Mile advance indicators for interstate highway exits
3. Destination indicators, e.g. “Boston 42 miles”
4. Mile markers installed for safety purposes

The Department of Public Works
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There is no inventory of signs compiled by the Department.
However, during the gas shortage of the last summer the feasibility
of dropping all speed limits lOm.p.h.was discussed as a possible
response to the crisis. The Department estimated that such a
project would cost in the vicinity of $2 million and the plan was
not acted upon. The cost of converting all speed limit signs could
thus be reasonably estimated to be at least equal to that figure and
almost certainly would be more. If, on the other hand, rather than
a wholesale replacement of signs the Department relied on a
process of attrition whereby signs would be replaced in the normal
course of events, the process of conversion would take about 15
years to complete.

The mile advance and destination signs, though not as numerous
as speed limit signs, would still be quite costly to convert. Even
the use of overlays rather than complete replacement of the signs
would be a considerable expense. No estimates of this cost are
available; however, at the present time the panels for the mile
advance signs cost $l2 per square foot.

On every numbered highway in the Commonwealth, such as
Route 2 or Route 62, mile markers and tenth of a mile markers
hae been placed in conformity with the Federal Government’s
Highway Safety Act. These markers are used to track accidents on
a computer in order to accurately pinpoint trouble spots where
accidents may be occurring too frequently and thus indicate a
corrective response to be necessary. These makers were set up in
1969 at a cost of $500,000. To convert this system to one based

on kilometers and tenth of kilometers would involve considerably
more expense than the initial project since significantly more
markers would be needed and the old markers would have to be
removed. In Fingland, this same problem occurred in relation to
railroad mileposts which were also used to trace accidents. The
Metrication Board proposed that the posts be left where they were
and simply be called markers with no reference to miles. For
example, a track walker could then note that a repair crew was
needed halfway between marker 42 and 43. 1 A similar solution
could be used in Massachusetts and other states by simply not

1 Op. cit., Donovan, p. 195.
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referring to the markers as mile or tenth of mile markers but
simply by number.

The DPW has divided the state into eight districts for motor
vehicle service and maintenance. There are 30 heavy equipment
mechanics for the entire state, and on the average two motor
equipment repairmen for each district with an average of six
mechanic’s helpers to assist each one. The main shop in Wellesley,
however, employs four motor equipment repairmen and some 38
mechanic’s helpers. Thus, there are over 100 mechanics in state
service and conversion to the metric system will mean eventual
replacement of the tools these men use and will necessarily involve
a considerable expense. Likewise, each Public Works Department in
the local communities will have to face this problem. Kentucky has
estimated that it will cost $150,000 for new metric tools for that
state’s 500 highway mechanics. 1

In February of 1973, the State of Ohio erected what could
possibly be the nation’s first metric road sign along Interstate 71.
The sign gives the distance to Cincinnati in kilometers as well as
miles. The Ohio Transportation Department is also distributing
brochures explaining the metric system and may provide one with
each motor vehicle operator’s license issued in 1974. A committee
of the Minnesota Highway Department has recently been named to
keep abreast of metric developments and make recommendations
for implementation of metric units. As yet, the Massachusetts
Public Works Department has not taken any such positive action
relative to metric conversion. As one final note in this area, the
American Association of State Highway Officials now publishes its
recommended tests and standards for highway materials in metric
as well as customary units.

The new Commissioner of Education, Gregory R. Anrig, is well
aware of the possibility of metric conversion and its relation to
education. To prepare for metric conversion a committee on
metrics is being set up within the Department. This committee will
consist of representatives from every level of education including
elementary, junior high school, high school, higher education and

The State Department of Education

1 Op. cit.. The Council of State Governments, p. 5.
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vocational education as well as administrators. The committee will
consider modification of the curricula and other programs to
implement the transition to the metric system.

The State Superintendent of Public Instruction in California has
asked the State Board of Education to require that all science and
mathematics textbooks be primarily in metric by the end of 1976.
There is also state legislation in California which if passed will
provide funds for teacher training in the metric system starting in
1974. The National Education Association is also an advocate of

immediate metrication. Additional data on the different aspects ot
metric conversion and education will be included in another
section of this report which deals more generally with education.

Other State Activities

The State Department of Commerce and Development includes a
Division of International Trade which deals with the metric system
quite frequently. Its primary responsibility is to encourage foreign
investment within the Commonwealth and assist Massachusetts’
companies in dealing with foreign markets. Metric conversion could
conceivably aid this division in fulfilling its functions.

Those agencies which have engineering and construction duties
such as again the Department of Public Works, the Metropolitan
District Commission, and the Bureau of Building Construction will
experience increased costs as a result of metrication. One source
indicates that engineering supervision costs will increase about two
percent above the total cost of a project during the changeover
period. 1 State agencies with broader administrative duties such as
finance and revenue and those more oriented toward solving social
problem;, such as corrections, health and public safety should not
be greatly affected by conversion.

Two other incidental areas involving fiscal outlays by the
Commonwealth are: (1) the cost of increased personnel hours used
to affect the change to metrics, and (2) the cost of a computer
search of the laws in order to weed out all references to the
customary system.

1 Ibid., p. 5
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As a final note in the area of state agencies, the activity of the
University of Massachusetts merits brief mention. An inter-
disciplinary faculty committee was formed in 1972 to assist
individuals, companies, and government agencies with metric prob-
lems. Programs designed to acquaint the public with the metric
system have been set up by the committee, for example, kilometer
signs to nearby communities have been erected on campus; a
display has been placed in the Campus Center and a proposal is
being drafted jointly with the Boston Museum of Science for the
purpose of developing a metric educational exhibit. Furthermore, a
group of faculty members have applied to the National Science
Foundation for a grant to study the impact of metric conversion
on the small machine shop industry.

Metric conversion will have its greatest impact in the area of
manufacturing. Some companies in anticipation of conversion have
already initiated metric changes. General Motors set up a con-
version plan in April of 1973 aimed at a short term conversion on
a new product basis. Ford Motor Company is planning to build a
metric engine plant in Ohio. Caterpillar Tractor Company, IBM,
International Harvester, General Electric, Honeywell, the Alumi-
num Company of America and the Digital Equipment Corporation
of Maynard, Massachusetts are in the midst of publicly declared
metrication programs.

About 11 percent of United States manufacturing companies
already use the metric system to some degree. Metric weights and
measures have been prevalent in the pharmaceutical industry for
the past 15 years; photographic film has long been expressed in
widths such as 35 millimeters; and skis made and sold in this
country come in centimeter sizes. Thus, even without Congression-
al action metric terms are becoming more familiar to Americans.

Cost figures for the manufacturing area are likewise most diffi-
cult to accurately compute. The Caterpillar Tractor Company
estimates its costs for a 10 year changeover at $l6B million. 1 John

Manufacturing and Nonmanufacturing Industries

1 “The Mounting Pressure to Go Metric,” Business Week. July 24, 1971, p. 56
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P. Roche, President of the American Iron and Steel Institute, in
testimony before Congressional committees on metric conversion,
noted the two aspects of conversion: (1) “soft’ conversion which
involves merely a trade of one measurement language tor another
and would not present as serious problems to the steel industry as
would (2) “hard” conversion which means physically changing all
products to round number metric dimensions. The Institute com-
pleted a two-year study in 1971 which estimated the costs of
merely getting ready for such a “hard” conversion at $785 million,
and the costs to be incurred over a ten-year conversion period were
estimated at $1,376,000,000.'

Initially the United States Metric Study team estimates ranged
from $6.2 billion to $5O billion on a nationwide basis. Following a
reappraisal in 1969, that source indicated that the costs would
most likely be somewhere between $6.2 billion and $14.3 billion. 2

These are the most reliable estimates from which to derive the cost
to manufacturing firms in Massachusetts during the conversion
period.

According to the 1971 Annual Survey of Manufacturing publish-
ed by the United States Department of Commerce and the Bureau
of the Census, the value added by manufacturing in the entire
United States for 1971 as expressed in millions of dollars was
$314,151.7 and the figure for Massachusetts alone, also expressed
in millions of dollars, was $9,494.6. Thus, Massachusetts manu-
facturers accounted for roughly three percent of the national
figure. Based on the national cost figures, the cost of conversion to
Massachusetts manufacturers will range between $lB5 million and
$430 million. It must be remembered, however, that these cost
estimates are based on 1969 figures and may have to be adjusted
higher due to inflation.

Another reason why these estimates may be too low in the case
of Massachusetts is due to the large amount of small business in
this state shops or firms with less than 100 employees. The
United States Department of Commerce reports that of the 9,873
manufacturing firms in the Commonwealth in 1972 some 8,644 or
87 percent employ less than 100 workers. In the machine shop
sector (excluding electrical machinery) which will be particularly

“Going Metric All the Way,” ASTM Standardization News, July, 197 t p ?oHansen, Morris H„ McNish, A.G., and Barbow, Lewis E„ The Manufacturing hidustn’
NBS Spec. I’ubl. 345-4, July, 1971, SD Catalog No. Cl 3.10: 345-5. p. XXIII.
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hard hit by metric conversion, the 1972 figures show that there
were 3,319 individual shops and 92 percent of these listed less
than 100 employees.

These statistics are of particular importance to Massachusetts
since small businesses are much less able to absorb the costs of
conversion than companies such as General Motors or IBM. Under
a conversion plan where costs “lie where they fall” they will fall
most heavily on the small businessman who does not have techni-
cal, financial or managerial resources sufficient to plan his own
changeover. Further, the small businessman is less likely to be in a
position to decide when to go metric since the large companies
tend to set the pace.

Carl A. Beck, Chairman of the Legislative Action and Policy
Committee of the National Small Business Association, testified
before the House Subcommittee on Minority Small Business Enter-
prise in 1971 that;

Our very best analysis and judgment disclosed that it might cost us as
much as a full year’s dollar volume of sales to completely convert to
metric measures. Such an astronomical figure results from the recognition
that in a business such as ours, a step by discreet step ofconversion is not
possible. History is a process extending from the past, through the present,
into the indefinite future. Many of our machines in the field are still
operating satisfactorily after 40 years of service, and we cherish the
reputation we have built by servicing these customers. In a business which
has been in existence more than a century, dependability and integrity
count more than styling and planned obsolescence. Many parts drawings,
although they have been revised and changed a number of times over the
years, date back to pre-World War I, but they are still active and even
stocked as repair parts for older machines, because it is economically
feasible to do so. To add dual dimensioning and tolerances to many of
these old tracings is not possible nor practical, and they would either have
to be redrawn at a monumental cost in man-hours or laboriously converted
to metric practice at manufacturing to fit a metric-oriented production
shop after conversion.

Our conversion cost estimates, therefore, assume a period of perhaps 20
years or more of duality in both engineering and production, of necessity
working with both customary and metric units concurrently. The shorter
the conversion period the greater the cost. And I believe this kind of a
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problem is typical, in dittering contexts and in differing degrees and time

frames, to most small business. There is little doubt it would be costly.

The Small Business Administration has recommended the estab-
lishment of programs of assistance for the nation’s small businesses
in the event of a nationally coordinated program of metrication.
Senator Pell’s bill now before Congress, as outlined in Chapter 111
of this report, would provide for such assistance. The feeling of
small businessmen can probably best be summed up in this brief
quote from a small businessman:

Just give us money. We will have two sets of tools, two warehouse
systems, and a lot of confusion. We aren’t in a strong enough position to
shoulder the costs. 2

The U.S. Metric Study team questioned a representative sample
of manufacturing firms across the nation and found that sentiment
for or against going metric varied within the same kinds of indus-
try, but in general not surprisingly the large firms tended to be
more in favor than small ones. However, about 70 percent of those
answering, making up 80 percent of the total employment, felt
that more use of the metric system would be in the best interests
of the United States. More than 90 percent preferred a coordinated
national program based on either voluntary participation or manda-
tory legislation. 3

Nonmanufacturing businesses will not experience the high costs
which will undoubtedly occur in the manufacturing sector. The
following are the highlights of the conclusions drawn by the U.S.
Metric Study relative to the nonmanufacturing area:

1. A majority of the respondents in the nonmanufacturing sector
saw no particular difficulty in converting to the metric
system

The retraining of labor was seen as the chief obstacle to
conversion.
A majority of industrial members expected no change in costs
as a result of metrication. Of those who expected a change in

Small Business Problems in Metric Conversion,” Hearings before Subcommittee on
Minority Small Business Enterprise of the Select Committee on Small Business Houseof Representatives, 92nd Congress, Washington, D.C., June 8 and 9 Iq? i Q 0 Of
Op. cit., Business Week, p. 56. ’ PP-

-3 Op. cit., DeSimone, pp. 73-75.
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costs, a majority, especially among smaller organizations, anti-
cipated a rise in costs of operation of about 0.5 percent a
year during the conversion period. A majority did not expect
to pass this cost on to the consumer. 1

It is most difficult to assess whether or not the continued use of
the customary system by the United States has had a detrimental
impact on this country’s exports and contributed to a deficit in its
trade balance. The U.S. Metric Study report relative to inter-
national trade stated that “the notion that the U.S. is losing
exports to metric countries because its products are not designed
and manufactured in metric units and standards appears to be
ill-founded.” 2 Other sources estimate that a changeover to the
metric system would increase U.S. exports by $6OO million a
year. 3

At any rate the Massachusetts economy would serve to gain if
exports did increase as a result of metrication. The Commonwealth
ranked 15th in the nation in exports last year with slightly over $1
billion worth of manufactured products and another $6 million in
agricultural goods being exported during fiscal 1971-72.4 At the
present time, there are over 800 Boston area companies involved in
international trade and over 70 companies in the Greater Boston
area have overseas operations. The Division of International Trade
within the State Department of Commerce and Development has
been instrumental in bringing foreign companies to Massachusetts
as well as aiding local companies in foreign markets.

Export sales are most important to this state’s economy because
exports mean jobs. Studies by the Bureau of Labor Statistics of
the Department of Labor reveal that every $15,000 in export sales
creates one new position. Therefore, some 70,000 jobs have been
created in the Commonwealth as a result of exports. Farmers also
benefit from exports in that exports provide employment for one
out of every eight farm workers and account for 15 cents of the

Exports

1 Buten, Elaine D. ami Cornog, lune R., Non manufacturing Businesses, NBS Spec. Publ
345-5, August, 1971, SD Catalog No. Cl3.10; 345-5, pp. 2 and 3.

2 Gordon, Gerald F., International Trade, NBS Spec. Publ. 345-8, August, 1971, SD
Catalog No. Cl 3.10; 345-8, p. 3.

3 Op. fit., U.S. News and World Report, p. 53.
4 Based on data from U.S. Departments of Commerce and Agriculture



HOUSE - No. 7608 [October42

fanner s market dollar. Agricultural experts emphasize that without
export dollars tarm income would suffer severely.

Fear has been expressed by many U.S. companies over the
possibility that metric conversion will open up this country’s previ-
ously customary markets to a flood of metric foreign goods, to the
detriment of business at home. The U.S. Metric Study report on
International Trade made this finding in that regard:

Surveyed importers estimate that their 1975 imports would show no
change assuming the U.S. converted to the metric system. With few
exceptions, they stated that their sales of foreign made products would
not increase if the U.S. converted to the metric system. 1

If metric conversion can lead to an increase in exports and a
corresponding increase in jobs then Massachusetts would benefit
where its economy needs it most. For, over the past five years the
state has lost almost 100,000 manufacturing jobs, and in March of
this year had an unemployment rate of 6.7 percent, a figure 33
percent higher than the national average.2

The broad area of education will feel the effects of metric
conversion quite early in the process. In anticipation of this de-
velopment, the National Metric Educational Center at Western
Michigan University has been developing metric curriculum and
training materials and will distribute them at regional metric work-
shops across the nation, starting in the fall of 1973.3

School districts are likely to meet conversion problems in many
aspects of the educational system, particularly in the following
three major areas:

1. Courses of study, textbooks and related materials will need to
be revised or rewritten wherever units of measurement are
involved.

1 eachers must be prepared - and those already teaching re-
trained - to teach the new measurement system.

3 C lassrooms, shops and labs will need new metric equipment

>rdon

Education

Massachusetts Hconomy-I,” Boston Globe , Vol. 203, No. 78, March 19, 1973, p. 1.
ones. Philip G., "Metrics: Your Schools Will Be Teaching It and You Will Be’Living It
Very, Very, Very Soon", The American School Board Journal, July, 1973, D 22
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The U.S. Metric Study indicates that instantaneous replacement
of all textbooks in public education as part of metric conversion
would cost an estimated $1 billion. 1 However, since most local
school districts usually replace textbooks every five years, metric
conversion of these books could be done on a gradual basis during
the normal course of events. Thus, most of the $1 billion could be
absorbed by the school budget at little or no extra cost.

The problem of retraining the more than two million teachers
now involved in public education should prove to be more difficult
to resolve. The inservice training of about a million elementary
teachers might cost as little as S 6 million nationwide and would
also include work in new ways of teaching and learning measure-
ment. 2 Some experts have suggested that, in light of the great
numbers of teachers pursuing programs of continuing education,
even this cost of retraining could be absorbed if spread over several
years.

The Research Division of the National Education Association has
estimated that the purchase of essential new metric materials and
equipment in a single year could entail an expenditure of from
$5OO to $750 million. In this area as well the studies indicate that
if the changes are absorbed over a period of several years the extra
costs could be minimal. 3 Some examples of this type of conversion
would include beam balance scales for locker rooms and nurse’s
offices, paper cutting boards, and assorted shop equipment such as
lathes and milling machines.

A major benefit of metric conversion within the field of educa-
tion is that a significant amount of time can be saved for other
topics as a result of the elimination of the need to stress the
fractional system in mathematics courses. Floyd W. Hough, Chair-
man of the American Geophysical Study of the Metric System,
offers this observation;

Teachers of mathematics will agree that fully 25 percent of a child’s
time, and the teacher’s as well, could be saved in arithmetic courses if the
simple, interrelated metric decimal units were substituted for the English
system of measurement. Such monstrosities as proper and common
divisors and mixed numbers could be laid to rest with the celluloid collar
and the oxcart.4

1 Robinson, Berol L„ Education, NBS Spec. Publ. 345-6, August, 1971, SD Catalog N
C13.10:345-6, p. 14.

2 Ibid, p. 3.
2 Op. cit., Jones, p. 26.
4 Ibid., p. 24.
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Moreover a study sponsored by the American Association for
tire Advancement of Science disclosed that slower children learn
metric more readily than they do the customary system. 1

Finally, in addition to the public and private elementary and
secondary systems, there are an estimated 400,000 college and
graduate school students and teachers within Massachusetts. Thus,
any development relative to metric conversion and its effects on
the area of education will be of paramount interest to Massachu-
setts.

Consumers

Metric conversion will affect the lives of every American citizen
yet the latest nationwide Gallup surveys show that the public is far
from prepared for a changeover.2 A comparison of the latest
survey with one conducted in 1965, however, does indicate a
growth both in public awareness and support for adoption of the
metric system. The questions and the responses for both polls were
as follows:

Du you know what the metric system is

1 965 29% Yes
1971 _ 44% Yes

Would you like to see the US. adopt the metric system?
1965 J97 1

Yes, favor 37%. 42%
No, oppose 46% 42%
No opinion 17% 16%

Ihe U.S. Metric Study conducted a similar survey with the help
of the Survey Research Center of the University of Michigan and
also concluded that the general public knows little, about the
metric system. Only 40 percent of the representative sample could
name a single metric unit, and only halt of that group was familiar
with relationships among metric and customary units. The study
did conclude, however, that the more people know about the
system the more they favor it

1 Op. cit DeSimone, p. 116.
2 “Metric Conversion.” Hearing before Committee on Commerce, U S Senate 9">ndCongress. 1 ebruary 29 and March 1, 1972. p. 273. t6 ’
3 Op. cit.. DeSimone, p. 79.
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The results of these surveys reveal that in the case of the
consumer top priority should be given to a program of public
education to acquaint the public with the metric system. A great
many consumers will be beyond the formal educational system and
thus need a different type of education. Adult courses offered at
night in the schools would be helpful but the use of the media,
especially television, will be vital in enlightening the consumer
during the transition period. Such information would serve to ease
the major disadvantage of metric conversion to consumers, that is,
the psychological problem of adjustment to an unfamiliar system.

Adjustment to the metric system may not be as difficult as
anticipated. Many bulk packages of food are already labeled in
both systems, though most consumers are totally unaware of that
fact. In many instances, the quantity desired is reflected in such
conventional terms as “fill it up” or “give me $3 worth”. In the
home the most frequently used measuring device is a clock and
this will not be changed; the second most used device is the
thermostat and here against most have marked comfort zones
eliminating the need to refer to specific temperatures. Recipe
books and cooking cups must be changed but equivalency tables
can be used and conversion made gradually by housewives.

However one area where consumers will particularly be in need
of protection concerns the maintenance of an inventory of non-
metric parts to meet service and repair requirements within a
certain period after conversion.

The U.S. Metric Study report in the consumer area reached the
following conclusions:

The experts almost unanimously agreed that conversion problems and
costs would be confined to the transition period, and once completed, the
advantages would outweigh the costs and inconveniences of the change-
over.

Some of the direct advantages mentioned were simplification of
calculations, elimination of ambiguities in measurement units (e.g., dry
and liquid pints and ounces), and increased facility in foreign travel.
Metrication was also visualized as the opportunity and possibly the
incentive to introduce improved standards for clothing practices in
consumer product information, and possible standardization at the
international level. 1

1 Rothrock, Bruce D., The Consumer, NBS Spec. Publ. 345-7, July, 1971, SD Calaloi
No. C13.10:345-7, p. 2.
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It is generally agreed that a successful conversion can be
achieved within the consumer area through a well organized
cooperative effort that would combine the forces of government at
all levels with business and industry, advertising and news media
and consumer organizations.

Commercial Weights and Measures

Commercial weights and measures can be defined as all matters
involving the commercial determination of quantity and include
any and all services and merchandise that are bought and sold.
Scales used by grocery stores to sell bulk items will have to be
converted to weight in kilograms, the 28,000 gas pumps in
Massachusetts will have to be changed to pump liters, and even
taximeters will require gear changes to compute fares on the basis
of kilometers and not miles. The U.S. Metric Study has estimated
that the total nationwide cost of adapting or replacing commercial
weighing and measuring devices such as these will be about $340
million.1

The customary system is clearly the predominant system used in
the nation’s commercial area today. Therefore, it seems highly
unlikely that the use of the metric system in commercial trans-
actions will increase without a prescribed program of conversion.
The U.S. Metric Study lists the following as primary elements of a
metrication program in this area:

a. Replacing or adapting weighing and measuring devices and
inspection equipment via a timetable

b. Changing label quantity-of-contents statements first to dual
measurement notation for a period of time and then to only
metric units.

c. Revising laws, regulations, and technical specifications and
tolerances in the weights and measures area where necessary
at both the federal and state levels.

d. Establishing training programs for persons engaged directly in
commercial weighing and measuring activities (e.g., scale and
meter service personnel, weights and measures officials, etc.)

e. Assisting the national effort to educate the public to be able
to understand the metric system

Op. cit., DeSimone, p. 113
Halos, Stephen 1., Commercial Weights and Measures, NBS Spec. I 3. July

jtalug No. (13.10:345-3, p
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Chapter V. EXPERIENCE OF OTHER COUNTRIES

In recent years many nations of the world have decided to convert
to the International System of Metrics. The progress of these
countries is worthy of close examination by the United States as it
moves toward metrication since there are valuable lessons to be
learned. England’s are certainly relevant since the country is some
eight years into conversion and as a large industrial nation it closely
parallels the United States. The experiences of Japan, Australia and
Canada are likewise given extended treatment in the following text.

Japan proceeded most hesitantly along the path toward
metrication. The process eventually took 40 years to complete. In
1921 three systems of measurement were in force; metric, English
and a third tailored to that nation’s culture. Plans were made in that
year to convert to metric over a period of 10 to 20 years. That
scheduling was interrupted in 1939 when a law restored the
traditional system to equal status with metric, and the deadline for
final metrication was postponed until 1958'.

The Diet in the Measurement Law of 1951 made the metric
system compulsory, reaffirmed the 1958 target date and established
a Metric System Promotion Committee to work closely with the
Ministry of International Trade and Industry. As a result the
changeover was essentially completed in the early 1960’5.

The lack of a strong promotional effort from the start hindered
efforts to convert quickly and cohesively. The study of metric was
made mandatory within the school system but industry and other
sectors of society failed to undertake significant advances. Dr. Mitsuo
Tamano, Director of Japan’s National Research Laboratory of
Metrology, offered this comment concerning the last stage of the
conversion: “From the earlier bitter experiences we felt the need of a
strong campaign for the promotion of the metric system, lest we
should repeat the same failure as before.” 1

The Promotion Committee carried on a successful campaign of
consumer and worker education through posters, pamphlets and the
mass media. None of the difficulties encountered by the Japanese

Japan

DeSimone, Daniel V., A Metric America: Decision Whose Time Has Come, National
Bureau of Standards Special Publication 345, July 1971, SD Catalog No. 13.10:345, p.
120.
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proved to be insurmountable. Complaints about changes in packaging
consumer goods disappeared in a surprisingly short time. Inch-based
machinery was gradually modified when repairs were undertaken;
fully depreciated and obsolete equipment was in turn replaced with
metric machinery. The early education ol schoolchildren in the
metric system has been most effective in easing the transition. In
fact, expert obse vers of Japanese conversion to the metric system
have been led to conclude:

The conversion has proceeded smoothly within industry, receiving
excellent cooperation from the business circles. There has been no demand
for compensation by the government for large expenses incurred byion by the government for large expenses incurred by
industry in modifying their equipment. . .International trade has been
simplified, even though the United States, one of her major customers, is
not on the metric system. The complete change from a mixed system of
measurement to the disciplined, unified, metric system has not injured
Japan in any measurable way; on the contrary, it is believed that the
simple relation between units for different quantities, which is the main
advantage of the International System, is proving to be a boon for the
country. 1

England

In 1965 the Federation of British Industries, the counterpart of
America’s National Association of Manufacturers, informed the
English Government that the majority of its members was in favor of
the adoption of the metric system in the United Kingdom, and
suggested that it was the appropriate time for government in general
to support the change. The Government quickly reacted to industry’s
challenge and in May of 1965 the President of the Board of Trade
announced:

The Government is impressed with the case which has been put to them
by the representatives of industry for the metric system of weights and
measures. Countries using that system now take more than one-half of our
exports: and the total proportion of world trade conducted in terms of
metric units will no doubt continue to increase. Against that backdrop the

desirable that British industries on a broadening
front should adopt metric units, sector by sector, until that system can
become in time the primary system of weights and measures for the

1 Op. cit., Donovan, pp. 115-117
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country as a whole, . .Practical difficulties attending the changeover will,
of course, mean that this process must be gradual; but the Government
hopes that within ten years the greater part of the country’s industry will
have effected the change. 1

In March of 1966 the Standing Committee on Metrication was
appointed and it offered its first full report in May, 1968. The
following key elements of the report were accepted by the English
Government;

a. The end of 1975 should be accepted as the general target date
for all provisional metrication programs, with the qualification
that if the date proved unreasonable for any particular sector
the programme might aim at an earlier or later date;

b. An advisory Metrication Board should be set up to guide,
stimulate and coordinate the planning for the transition of the
various sectors of the economy;

c. The need for legislation was accepted but a specific date was
not adopted;

d. There would be no question of compensation; the costs of
adopting metric weights and measures must lie where they fell. 2

In 1969, four years after the conversion policy was declared, the
Metrication Board was established and given the dual role of
coordinating the changeover process as well as giving general
publicity to it. The Board consists of sixteen members who work
full-time at their duties. It is further subdivided into eight steering
committees representing each sector of the economy and a separate
Information Policy Committee. In December of 1972 a special
Consumer Safeguards Group was formed by the Board to insure that
consumers understand the metric system and are able to properly
judge value for money spent.

The Metrication Board does not have the power to force anyone
either to make or to implement programs since its function is only
to give general advice and information. An accounting of the Board’s
work since its formation in 1969 appears in its four reports:
(1) Going Metric: The First Five Years 1965-1969; (2) Going Metric:

1 Op. at., Donovan, pp. 119-120.
2 Department of Trade and Industry, White Paper on Metrication (Cmnd. 4880), London,

February, 1972, p. 11.
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Progress in 1970; (3) Going Metric: Looking Ahead: and (4) Going
Metric: Progress in 1972.

In 1972 the British Department of Trade and Industry presented
its White Paper on Metrication (Cmmd. 4880) to Parliament and
affirmed 1975 as the target year for the substantial completion of
metric conversion. In that report the Government acknowledged and
supported the progress already made in the cause of metrication, yet
it explicity stated that it would not use its public purchasing power
deliberately to hasten the conversion process. 1

Thus, even though there was continued progress toward met-
rication in 1972, this absence of positive action by Government in
support of its declared policy resulted in a loss of momentum. In
June of 1972 the Confederation of British Industry (formerly the
Federation of British Industries) issued a statement which noted
that: “there was a noticeable slackening in the movement towards
metrication in many sectors of industry, largely due to the lack of
any positive guidance on the part of government.... The longer we
delay the greater the industrial cost will be.”2

Continuing with two systems longer than is necessary not only will
lead to increased costs arising from extended use of dual inventories
but will also create problems for England within the European
Economic Community. As a member of the Common Market,
England is bound by the directives of the Community’s Council. In
October. 1971, the Council ratified a directive on units of meas-
urement which provides for the exclusive use of the International
Metric System by January 1, 1978 over wide areas including the
economic field, public health and safety, and administrative activ-
ities. England has negotiated for an extension that will allow the
units used in English legislation to be retained until December 31,
1979 and in special cases even longer. 3

An example of the legislation which is hindering progress of
English metrication is the Weights and Measures Act of 1963 which
stipulates that many items of foodstuff may be sold only in imperial
measures. Similar prohibitions are mandated by other statutes and
there are many laws that refer to imperial units alone. The timing of
the changeover in an area involving such a vital commodity as

Op. cit., Department of Trade and Industry, p. 2.
2 Metrication Board, Going Metric Progress in 1972, London, February 1973 p 153 Op. cit., Department of Trade and Industry, p. 6.
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foodstuffs is most important to consumers but there has been no
progress in this area in 1972, and no significant metric changes are
underway for 1973. Consumer organizations have urged that the
transition phase be kept as short as possible and that an adequate
publicity campaign be waged to inform the public well in advance of
the conversions.

As a result of their review of progress in 1972 and the prospects
for 1973, the Metrication Board reached the following conclusions:

It is in the national interest to press forward vigorously with
the metric change. Efficiency and effective communications
require that the metric system should be quickly established
throughout the United Kingdom as the primary system of
measurement for all purposes. Continuing to operate in both
systems exacts a heavy economic price.

a

b, While in 1970 the United Kingdom was well ahead of her major
trading partners who are carrying out the metric change, we are
now being overtaken. This could soon prove disadvantageous
commercially.
Consumers would gain from an orderly and speedy changeover.
The widespread and continued use of two measurement systems
gives rise to uncertainty and confusion. The shorter the
changeover period the better for everyone.

c.

A sustained and substantial publicity effort is needed to provide
timely information and advice to help the general public adapt
to the change. Our ability to meet this responsibility depends
on the provision of sufficient resources.

d

The Government’s objective that the country should be
substantially metric by 1975 now requires;

e.

1. A comprehensive and vigorous use by government depart-
ments and other public authorities of their buying power,
rapidly completing their change to metric purchasing.

2. Early submission to Parliament of proposals for the legislative
changes required to remove legal obstacles to the general use
of metric. 1

1 Op. cit., Metrication Board, p. 11.
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Current Developments. England is now eight years into the
conversion process and despite an apparent slowdown in 1972 there
has been a great deal of progress on many levels of society. A survey
conducted in April, 1972 revealed that 72 percent of pupils betweenrevealed that 72 percent of pupils between
10 to 16 years understood metric terms. The clothing industry has

sion to be carried out between 1973nounced

1973 the steel industry began to use metric
weight in England. The fuel industries have

O

units for steel sale
reached a broad agreement to change over in 1974 and early 1975
except for retail sales of coal, gas and petroleum where legislative
changes are first necessary. All-metric cars are being built. The
majority of engineering trade associations expect that the greater
part of production will be metric by the close of 1975. Finally,
the Government has been committed to a program for conversion
by farmers and their suppliers by the farming year 1975-1976.

One area of conversion where problems were expected was that
of training workers. In general, however, the experience of conver-
sion has shown that training is not an insuperable problem. One
official of the British Standards Institute has commented that “we
may have tended to overestimate the amount of training needed
for operators.” 1 Another anticipated problem area in the industrial
sector was that the cost of replacing inch-based machinery would
be prohibitive. In regard to this issue another British official has
stated: “The general experience of those who have already em-
barked upon production is that in every few cases indeed will
machine tools require complete replacement, but some may require
modification.” 2 Much depends on the timing of the changes but
recent developments prove that companies which start early can
undertake the changeover more economically than those who de-
lay.3 Further such evidence as is available from individual under-
takings in England indicates that expenditures will not be heavy.4

While industry in Fingland may be substantially converted by
1975, the metric system may not be operative in other sectors until

after that target date. For example, the Government has conceded
that “the present system for showing speed limits and other road
signs is unlikely to be changed for a long time to come.” 5

1 Op. cit., Donovan, p. 133.
2 Ibid., p. 130.
3 Ibid., p. 129.
4 Op. cit.. Department of Trade and Industry, p. 25
5 Ibid., p. 2.
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Australia

As a result of an intensive inquiry in 1967 and 1968 by a Senate
Select Committee on the Metric System of Weights and Measures, the
Australian Government decided to go metric. The Metric Conversion
Act of 1970 calls for the progressive adoption of the SI so that at the
end of a 10 year period it will be the sole system of measurement of
physical quantities in Australia. The Act also provides for the
establishment of a Metric Conversion Board to plan, guide and
facilitate conversion through cooperation and discussion with the
broadest possible range of interests throughout the community.

The fourteen member Board was appointed in July of 1970 and
has since set up a number of Advisory and Sector Committees
representing such fields as industry, commerce, governmental services
and public utilities. The Board has also created an expert secretariat
to facilitate conversion and insure compatibility in the setting of
timetables.

In all, eleven Advisory Committees have been set up and these are
supported by another 90 Sector Committees made up of more than
600 individual members drawn from virtually all the relevant fields
of interest. The Commonwealth and the States have also joined
together to form a committee to study the effect of conversion on
State governmental activities. Private industries as well have set up
their own committees to plan for their particular participation in the
changeover.

The planning of the Metric Conversion Board to date indicates
that the 1980 target year for complete conversion is both practical
and probable. Substantial progress has already been achieved in
certain fields and definite timetables have been set for others. As of
September 1, 1972, the meteorological temperature was given in
Celsius rather than Fahrenheit degrees and this caused little
inconvenience to the public. Primary schools will be teaching only
metric in 1973 and secondary schools by 1974. Australian postal
services will convert to metric weights, sizes and distance measures
by the end of 1973, and by 1976 the building and construction
industry should be in a state of substantial conversion. In 1973 the
metric system will apply in respect to compressed gases, Hat glass,
iron and steel, ropes and twine, sand and aggregates, freight
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forwarding, water and sewerage, household utensils, and the beer and
wine industries.

In the consumer goods field the packaging materials industry has
formulated an overall plan for conversion and rationalization of
package sizes. Amendment to the weights and measures laws have
already been made in some states to allow only metric marking of
packaged goods and to provide for packing in prescribed metric
quantities of certain staple commodities. The gradual conversion of
packaged goods has spawned sporadic allegations of unfair price
increases but these protests have not been of significant consequence.

During 1972 the Metric Conversion Board concentrated on edu-
cating the public to the various changes. An illustrated booklet
entitled “Metric Conversion and You”, which explains metrication
as it relates to everyday life, was mailed to every home.

In general, the changes already in effect have been favorably
received and Australia is well on its way to successful conversion.
Canada

The White Paper on Metric Conversion in Canada prepared by
the Minister of Industry, Trade and Commerce in January of 1970
concludes with these remarks:

The Government believes that the question of metric conversion is one
on which it is no longer possible to suspend judgment. Given a clear
direction in which to go, many sectors of the nation will have few
problems in conversion, provided the transitional process is wisely phased.
It is considered that industrial managers throughout the country will wish
to plan ahead, to ensure that they do not find themselves faced later with
necessity for abrupt and costly changes. The economic well being of
Canada depends crucially on education, industrial development and world
trade. Metric conversion can benefit them all. 1

The Canadian Government has definitely decided to go metric
but the exact timing of the process is still in doubt, A Metric
Commission, consisting of 16 commissioners from all sectors of
Canadian society, has been established to promote an overall plan
for metric conversion and develop programs for public information
and education to create a climate of acceptance for the changeover

1 Pepin, Jean-Luc, Minister of Industry, Trade and Commerce, White Paper on MetricConversion in Canada, Information Canada, Ottawa, 1970, p. 22.
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to metric. The Commission held its first meeting in January of
1972.

Eleven steering committees of the Metric Commission have been
formed and over 200 national, industrial, consumer, service, labor
trade, agricultural, professional and educational associations have
been asked to establish planning committees to study the impact
of metric conversion, and to suggest a timetable most suited to
their sector. It is estimated that this preparatory work will take
some three years to complete.

Specific target dates have not been determined and much pre-
liminary groundwork is being stressed because the situation in the
United States relative to metric conversion is still so uncertain. The
United States is Canada’s main export market and the need to
service the associated inch-pound markets will affect the rate of
conversion in certain Canadian industrial sectors. The afore-
mentioned White Paper on Metric Conversion explicitly states that
in certain cases “it may prove wise to allow the timing and process
of conversion to be closely related to the development of United
States practice. 1

Other Countries

Several other nations have also decided to convert to the metric
system in relatively recent years. In New Zealand the Metric
Advisory Board has established definite timetables for practically
every area of the economy and conversion should be essentially
completed by the end of 1975.

At the close, of 1972 virtually all operations of government
departments were made metric in South Africa. Trade in non-
metric units has been prohibited in South Africa since January 1,
1973 and after August 1, 1973 it became illegal to possess for sale
any new non-metric or dual calibrated measuring device. All educa-
tional institutions have been using the metric system exclusively
since 1972 and booklets have been issued to assist the public in
understanding the changeover. Many other conversions have also
taken place smoothly as South Africa has moved steadily toward

1 Ibid., p. 18
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complete metrication, thus demonstrating the importance and
effectiveness of adequate planning and coordination.

The Republic of Ireland is also well along in the process of
metric conversion as are the nations of Nigeria, Pakistan, Zambia
and Ceylon.

Chapter VI ADVANTAGES AND DISADVANTAGES OF METRICATION

Favorable Arguments

The advantage of the metric system most often cited by those in
favor of metric conversion is that it is easier to learn, remember
and understand than the customary system. Thus, its use leads to
simpler calculations which in turn reduces the chance of error and
saves time in computation. Also, since schoolchildren, especially
those with educational disabilities, can learn the metric system
more quickly than the customary system, which involves compli-
cated fractions, this leaves more time for other learning experi-
ences.

Proponents of metrication argue that conversion would provide
the incentive as well as the opportunity for industries to increase
their efficiency and lower their overall costs. Two examples of this
type of benefit include (a) one manufacturing firm in England
which has reduced its stock of fasteners from 405 sizes to less than
200; and (b) another English manufacturer who has replaced 280
sizes of ball bearings with only 30 types made to metric standards.

A changeover to metric would put the United States in step wih
the rest of the world and improve the exchange of goods and
ideas. Specifically, conversion would lead to wider markets for
exports, worldwide interchangeability, and a wider choice from
imports, fins nation’s delay in converting to metric may result in
the loss ot about $6OO million a year in world trade. Tourists,
traders and other U.S.' citizens who have dealings abroad are
handicapped to the extent that they are unfamiliar with'the com-
monly accepted measurement language. Furthermore, markets in
Europe are opening up and even more importantly international
standards are being developed. If the United States does not
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convert to metric, it may be at a severe disadvantage in bargaining
at these vital conferences being held to update international stand-
ards.

Our military allies have adopted the metric system or are going
metric and U.S. conversion would provide compatibility and inter-
changeability of military equipment and facilitate necessary repairs
and maintenance.

Those in favor of switching to metric further argue that the
experiences of other nations have shown that problems and costs
are often overestimated and metrication turns out to be much
easier and less costly than first anticipated. Proponents stress that
metric conversion is inevitable and that the costs and inconven-
iences will be temporary and will cease at the end of the transition
period, while the benefits will continue indefinitely. Moreover, an
accelerated but coordinated approach will be less costly.

Disadvantages

Opponents of metric conversion point out that confusion will
reign during the transition period when the simultaneous use of
both systems will be necessary. In their view, adoption of the
metric system would be most impractical and costly and of no
advantage to Americans. Ingrained customs and commercial rela-
tionships, such as the price for a given unit of weight or volume of
a commodity, would be destroyed by metrication.

Metric conversion will not strengthen this country’s position in
world trade but rather put the United States at a'distinct disadvan-
tage because the cost of conversion would have to be added to all
U.S. produced goods. Moreover metric conversion may invite im-
ports from countries that do not now make products to customary
specifications. The nation’s export trade is less than five percent of
the Gross National Product and factors such as price, delivery,
credit and competition are more important in gaining or losing
trade than units of measurement. Relative to the argument that
tourists who go abroad are handicapped by their unfamiliarity with
the metric system, opponents of conversion counter with the
assertion that a great part of the attraction of foreign countries is
in their differences from home.
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Labor in general would suffer a “loss of experience” due to
metric conversion. For example, an automobile mechanic after
years on the job instinctively reaches for the right tool at the right
time. During the changeover to metric, this same mechanic un-
familiar with metric tools will react more slowly and be temporari-
ly less productive. Older workers may even be at a disadvantage
with respect to metrically trained newcomers.

The AFL-CIO has stressed that metrication programs should
include (1) reimbursement to workers for the cost of metric tools
they must buy and (2) training or retraining at no expense to the
worker.

Major costs and inconveniences will result from the need to keep
dual inventories of parts and equipment for many years even after
conversion is theoretically completed. The problem of storage for
all these new inventories may be monumental. Also, if the philos-
ophy of letting costs “lie where they fall” is controlling during
conversion, financial and economic handships will visit those firms
and organizations least able to afford them, such as small busi-
nesses.

Those who oppose a metric changeover further argue that the
economy is in enough trouble as it is in these inflationary times
without adding to the problems with a troublesome change in
measurement.


