
its calculations. The 1970 computer
could carry out 12.5 million instructions
per second (MIPS), while today’s PC can
do 166 MIPS. The price per MIPS, or for
a unit of a standardized computer, has
fallen meteorically (from $373,933 to
$6), so the number of MIPS that can be
purchased for $1 has increased by a fac-
tor of 62,322!7

Measuring Investment-Specific
Technological Progress in 
Structures
Quality-adjusted prices do not exist for
new structures, so the economist must
measure the rate of technological prog-
ress indirectly. If new buildings embody
technological progress, they should rent
for more than old ones. This turns out to
be true. Figure 4, which plots buildings’
rent as a function of age,8 is based on a
sample of rents collected from 200 office
buildings across the United States
between 1988 and 1996. Observe that
rents decline at a rate of about 1.5 percent

for each year that a building ages (rela-
tive to a new building). This curve is
called the rent gradient. By using an eco-
nomic model—a set of theoretical rela-
tionships spelling out the connections
between the demands for equipment and
structures, the rent gradient, and techno-
logical progress—the gradient can be
linked to an estimated underlying rate of
technological progress in structures. With
this approach, the underlying estimate
turns out to be 1 percent annually. That is,
each forgone unit of consumption can
purchase 1 percent more “standardized”
units of structures each year.

Measuring the Economy’s 
Capital Stock
Computing the value of the economy’s
stock of equipment and structures is a
formidable task. Conceptually, the capital
stock at a given point in time is the sum
of all previous purchases of capital that
are still in use. This raises two problems.
First, investment-specific technological

progress causes a dollar of investment
spending in 1999 to differ from a dollar
of investment spending in 1945. Hence,
spending on capital at different times
needs to be converted into standardized
units. Second, it is difficult to calculate
what portions of past investments are still
in use. Some investments will have been
abandoned, some will be operating at
less-than-full efficiency because of wear
and tear (this is called physical deprecia-
tion), and some may not be used because
they are economically obsolete, though
still capable of operating.

The National Income and Product Ac-
counts adjust only partially for the quality
improvement in investment over time, so
they underestimate growth in the econ-
omy’s capital stock. For example, they
calculate that over the postwar period, the
economy’s stock of equipment has grown
at an annual rate of 2.5 percent and its
stock of structures at 0.75 percent. Con-
trast these numbers to the estimates of 
4.4 percent and 2.2 percent that are based
on the 3.2 percent and 1 percent rates of
technological progress in equipment and
structures discussed earlier.

■■ Accounting for Growth
How much of economic growth is due 
to investment-specific technological
progress? Economists often think of
GDP as being made from three factors of
production: equipment, structures, and
labor. Other things being equal, GDP
will increase whenever one of these fac-
tor inputs grows. The part of GDP
growth that cannot be explained by
growth in any of these inputs is disem-
bodied technological progress, which is
why Moses Abramovitz called it “a
measure of our ignorance.”

Now, factor inputs grow as a result of
technological progress, among other
things. The fact that equipment is more
productive over time is likely to imply
that businesses, governments, and house-
holds will demand more equipment. It
may imply that they will demand more
structures as well. The value of a building
increases when it can work with more
productive equipment. Likewise, the
value of equipment may rise when it is
housed in better structures. Therefore, the
economist must calculate how much of
the increase in the equipment stock arises
from technological progress in equipment
and how much arises from technological
progress in structures or other factors,
that is, from disembodied technological
progress. Again, this can be done with the

FIGURE 3 RELATIVE PRICE OF EQUIPMENT
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FIGURE 4 BUILDING AGE AND RENT
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