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FIGURE 5. LABOR REQUIREMENTS: ACTUAL AND THREE ALTERNATIVES

TABLE 5—ALTERNATIVE PRODUCTION SCHEDULES

Unit labor

requirement
Average EDV
1. Actual 381.5 62440
2. Smooth production (20/year) 385.1 63570
3. One model (20/year) 373.7 62330
4. One model (40/year) 324.6 55860

costs are difficult to observe and any assump-
tions I might choose to make would thus be
somewhat arbitrary. In the absence of inventory
costs, the production schedule that would min-
imize the EDV of cost according to the model
estimated is one in which production is run
essentially at capacity from start to finish. In-
terestingly, most military production runs are of
this form. If inventory costs are large enough,
then the optimal production run looks much like

the actual one, which closely matched sched-
uled deliveries.*®

VI. Conclusion

Previously, commercial aircraft and other
markets with learning have been analyzed using
theory that is based on smooth learning curves.
The evidence presented in this paper suggests
that, in actuality, the dynamics of production are
much more complex. To better understand these
industries, the strategic effects of organizational
forgetting need to be considered. This is an area
of theory that, to my knowledge, has not been
studied.

At the same time, it seems unlikely that for-

46 In some simple experiments I bave found that includ-
ing a small inventory cost on the order of the interest cost of
the investment in the plane is enough to make the actual
production run very close to ex post optimal.
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getting is important in all industries where
learning takes place. This brings up the issue of
what properties of the firm and of production
are most important in causing the depreciation
of experience. Commonalities between aircraft
manufacturing, ship building, and service fran-
chises—the only three industries in which for-
getting has yet been documented—include: the
products are labor intensive, learning is thought
to be important at the individual worker level,
and all three experience relatively high turn-
over. These may be criteria for evaluating how
important organizational forgetting is to an in-
dustry. However, that hypothesis remains to be
tested.

Additionally, it seems plausible that the rate
of experience depreciation is under the firm’s
control. For example, avoiding layoffs may be
in the firm’s interest, even if workers are tem-
porarily underutilized. In the event that layoffs
are unavoidable, it may be in the firm’s interest
to make some provision for reacquiring laid-off
workers in future periods. Further study with
some additional data on employment and turn-
over might point toward ways that management
could maximize experience and productivity by
minimizing loss of experience. A full under-
standing of the causes of forgetting may also
lead to a better understanding of its macroeco-
nomic effects.

The learning model estimated here (and else-
where) assumed a deterministic learning pro-
cess, but it seems more likely that learning
actually takes place stochastically, that is, upon
executing a task sometimes something is
learned and sometimes not. However, a stochas-
tic version of this model was estimated using
simulation techniques and yielded almost iden-
tical results. In hindsight, this result is quite
intuitive, given that the unit of output actually
consists of many individual tasks. If learning
occurs stochastically at the individual task level,
then the learning process at the unit level would
have very low variance and thus resemble a
deterministic process.

Finally, the preceding results show that, in ad-
dition to their development costs, new models can
have a great impact on variable production costs
across an entire aircraft program. Therefore, it
seems likely that in an unconstrained dynamic
equilibrium firms may produce too many models.
A social planner or multiproduct monopolist
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would internalize the business-stealing effects of
product differentiation and may produce fewer
models to avoid these higher costs.
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