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USE OF THE LEARNING CURVE

The learning curve, 1abof improvement curve, or direct labor time
reduction curve, 1s now a familiar concept of estimating changes in unit
labor cost as increasing quantities of an article are produced = particularly
airframes, However, there.seems to be a tendency to regard this curve as a
pficing aevice wifhoutrréference fﬁ therbther eleﬁenté of cost that enter into
a price. Perhaps more important, there seems to be a tendency to forget that
the learning curve as such can be applied only to the direct labor element of
cost in the facility meking the finished item. To be sure, purchased articles
are in turn subject to the improvement curve, but it may be completely mis-
leading to aggregate both the contractort!s direct labor and purchased parts,
and apply the uniform learning curve to this total for the purpose of priecing
the delivered article wifhout first determining the learning-level of output
for each component.

There are at least two olher commonplace errors made in reading prices
from the curve: first, to forget or neglect the accumilation of related
learning applicable to the article for which wmit direct labor cost data are
evailable; and, second, to call the marginal or final unit input the cost
without recognizing the fact that every unit must be produced before the im=
provement embodied in the fingl unit can be made availsble., This means that
the current cost must be referenced to prior learning and that procurement
must cover the average cost and cannot be effected only at the marginal or

final unit cost.

Levels of Learning
Although there is every reason to believe that the learning curve
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expressed approximately as the -0,33 exponent or Wone-third law" is 8ppTo=-
priate, in using it one must be sure to know the unit of product which
determines the labor cost upon which the current price 15 based, Put another
way, if the manufacturer of the airplane is making his fiftk airplane, his on-site
lgbor improvement will follow the curve as he progresses to the five~hundredth
or five~thousandth airplane, However, the aluminum sheet which he uses or the
~wire or fabricated parts which he procures may already be at a point on the
learning curve such as the five-millionth or fifty-millionth unit which means
that further absolute change in the unit price achieved by labor improvement
will not be reflected in_a'significant change in dollar unit price.

Thus, even though the Air Force contractorts production may represent a
very early stage in the learning development, many of the materials and parts
used by him in manufacture may be at such an advanced stage in the learning
curve that their unit price will, in effect, be nearly constant regardless of
quantity, If an improvement factor represented by an exponent of =0,33 (1.e.,
an 80% learning curve) is assumed, the tenth unit produced should require 20
per cent less labor than the fifth unit, or an average reduction of about 4 per
cent per unit for the second five units. Similarly, the hundredth unit should
require 20 per cent less labor than the fifiieth ﬁnit, or an aversgge reduction
of about 0.4 per cent per unit for the fiftieth through the hundrédth unit.
However, for purchased parts or materials falling between the 50,000th and
100,000th units on the learning curve, the average reduction of direet labor
per unit is only 0,000, per unit. This rapid change in improvement curve

savings can be shown in the following table:

Average Per Cent Reduction of |

No. of Units Direct Labor per.Unit

5 = 10 - 4.0
50 - 100 0.4
500 - 1,000 0,04
5,000 - 10,000 0.00,
50,000 - 100,000 0.0004

500,000 - 1,000,000 0.00004




Page 3
BP-267

We must bear this constantly in mind to be sure that we do not apply
the amount of saving achieved by learning or the labor impro&ement curve
as a pricing device without regard to the unit of output-achieved at the
time at which the price information becomes avallable to us,

In a similar vein, we must be sure to remember that doubling and
tripling of production achieved either by adding shifts or the introduction
of additlonal feseilities does not resolve in a straight-line extension of
the number of units produged for the purpose of applying labor improvement
or direct labor time savings. All of our studles have shown thaet there is
some transfer of labor improvement as shifts are added or as more facilitles
are introduced., However, the new shift or new facility starts its own im-
provement curve, and, elthough it does not start from the level of zero
unit, it also does not start from the labor learning level already achieved
in the existing rate of output.

The table that follows may illustrate some of the considerations to be
visualized in applying the labor improvement concept. The "X!s" in the
table simply indicate that although the price quo@ed may be for the.first
five units produced by the contractor, the vendors supplying parts or
material for the product may already be at the fiftieth or five~thousandth
unit on the improvement curve. They, in turn, may be buying from sub-vendors
at the five-hundred-thousandth unit. Therefore, it is obvious that we can
not apply a learning curve for the five units as though it had general
application to the total price as distinct from the prime contractor’s on-site

éirect labor element,
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LEVELS OF LEARNING THAT MIGHT BE INCORPORATED INTO THE FIFTH UNIT
PRODUCED BY ONE MANUFACTURER

Level of Output of Total
Direct Purchased Material and Parts Overhead | Unit
Manufacturer| Vendor | Labor Price
Tirect
5 4+ X | {apop | Purchased Material and Parts - X X
50 X Direct Purchased
Labor Material and Parts
500 X Lirect Purchased
Labor | Material and Parts
Direct
5,000 X Labor | furchases
50,000 x bF
500,000 X

Accumulated Learning

In using the learning curve it should be noted that the concept cannot

be applied to direct labor embodied in a specifid product without reference

to prior manufacture of similar products either in the same factory or under

the same general management in a related facility,

qualification to the concept of direct labor time improvement,

e N

Labor time, the learning or direct labor time saving actually is largely the

resuit of management and equipment inprovements,

This establishes a major

- Although the

basis for application of T, P, Uright's 'one—thlrd law" is direct on—site

In other words, the direct

labor time saving is due to permanent tooling, special machine equipment,,

improved factory layout and related management improvements,

iagbors? learning,

as well as
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Obviously, such learning carries over from any one product into all
related or similar items. For this reason, one cannot measure the direct
labor saving for a specified number of units without fifst establishing the
total learning accumulated from previous production which is inéluded in
them, This means that if a specific management starts production in a new
facility the direct labor time projecdtion must reference unit number 5 or
- number 50 to past experience which might have the effect of meking them unit
505 instead of 5 or 550 instead of 50, The same consideration would apply
in the modification of a heavy bomber for example, or in varying degree to g
-shift from the airframe for a bomber to the éirframe for a missile, This iS
partieularly important when applied to purchased parts used in a wide variety
of end items, In these cases, introduction of the article into a new assembly
means little or no learning from the specific application,

In estimating the cost of future outputs on the basis of the learning
éurve projection we must be sure that we place the availsble data st its
appropriate point in accumulated learning or the result may be completely
misléading. This is shown by the following caleculation in which it is

assumed the first unit of output requires 1,000 units of direct labor input:

Learning Curve Projection of Average Cost
Information Available Based on Past Learning at
at Unit Output O Units | 50 Units | 500 Units
5 vy 267 126
50 397: 239 12,
500 188 * 161 111

Average and Marginal Units

Although the cost of the final or marginal unit will reflect the

learning or labor time reduction achieved at that point, the manufacturer
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cannot use‘this.final unit cost as a basis for price making. The price
_which héxquotes must cover each prsvious level of learning so that procure-
ment is in fact based on an average of the improvement made up to and
including the £insl unit. The ratio betwesn marginal and average unit

direct labor costs can be shown in the following table:

Ratio of Marginal to Average Unit Cosgg
At Derived from Learning Curve Projection
Unit Based on Past Learning in
Cutput
O Units 50 Units 500 Units
5 0.75 0.98 0.99
50 0.68 0,90 0.98
500 \ 0.67 0.7 0,90
Summary

In using the learning curve be sure to:

A. Limit it to direct labor in contractorts own facility
B. Determine the previous learning applicable to the procduct

C. Use the average and not the marginal wnit input for pricing
purposes, ’ )
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