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The whole organism is so tied together that when slight variations in one part occur,
and are accumulated through natural selection, other parts become modified. This is a
very important subject, most imperfectly understood.
– Charles Darwin, The Origin of Species, 18591
The achievement of Japanese industry toward ever better quality at reduced cost constitutes lessons in management for the whole world.
– W. Edwards Deming2
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Biological Mechanisms

The concept of a trade-off is fundamental in many fields. In biology, the concept is fundamental
to elaborating on Darwin’s original insight that variation in one trait in an organism may not
be independent of variation in another trait. For example, there may be a trade-off between the
number and size of eggs that animals produce (think of fish, birds, and turtles), or between the speed
and strength of animals (think of cheetahs and lions). These two examples embody two different
underlying mechanisms:
• Resource demands Underlying resources, such as energy, space, or time, in fixed supply
and allocated to one use are unavailable for another use.
• Functional demands Design of a structure that is more effective towards one use is less
effective towards another use.
Thus, a trade-off between size and number of eggs may come from an energy budget for their
production (the first mechanism), while a trade-off between speed and strength of an animal may
reflect the fact that longer bones are less sturdy than shorter ones (the second mechanism).3
Biology also offers examples of how trade-offs can be ‘transcended,’ by changing behavior, say.
Thus, we can imagine that for many animals there is a trade-off between increased foraging behavior
and increased risk of predation. But, by becoming nocturnal, some animals have escaped this
trade-off.4
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Beyond Biology

A famous definition of economics is: “Economics is the science which studies human behaviour as a
relationship between ends and scarce means which have alternative uses.”5 This definition focuses
our attention on trade-offs which arise — this time in the economic domain — in accordance with
the first mechanism above. But there are also very important cases where, as in biology, trade-offs
can be transcended. In such cases, we will talk of a trade-on rather than a trade-off.6
In July 1950, American engineer W. Edwards Deming was invited to Japan by the Union of
Japanese Scientists and Engineers. Whilst there, he gave his “Eight-Day Course on Quality Control”
and also his “One-Day Course on Quality Control for Top Management.”7 In his courses, he explained
his Plan-Do-Check-Act (later changed to Plan-Do-Study-Act) cycle as follows:8
This wheel rolls along the line of “concepts regarding product quality” and “sense of responsibility for product quality.” The fact that the four stages of the wheel are connected
one to the other with no beginning and no end is very important. This is the reason
why I drew a circle. You must not stop product design or testing. When your products
emerge into the real market, after having inquired into how the product is useful to
people, and what they think of it, you redesign it. There is no end to product quality
administration. Using product quality administration, producing goods continually being improved, I want you to make more and more adapted items that buyers will want,
designing, redesigning, and then finding cheap, better ways to make them. While this
certainly benefits the purchasers, it benefits you as well.

Figure 1
Deming’s ideas had a big impact in Japan and are widely viewed as having set Japanese manufacturing on the path to world prominence it achieved by the 1980s. The importance of his ideas took
much longer to be appreciated in the U.S.. Indeed, Deming’s ideas came as a shock to U.S. manufacturing companies, to whom the idea of a quality-cost trade-on was hard to imagine:9
The assertion that a given company couldn’t “have it all” . . . was challenged in the 1980s
by . . . the success of elite Japanese companies that . . . acted as though economies of scale
and long runs were not important, nor were trade-offs necessary. Indeed, many Japanese
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factories appeared to surpass their American counterparts on several competitive dimensions — lower cost, higher quality, greater flexibility, and faster product introductions
— all at the same time.
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Back to Biology . . . and Ecology

Expanding agriculture and changes in agricultural techniques have put pressure on ecosystems
around the world, as forests and other natural habitats are cleared for crop planting. In the case
of coffee, for example, there has been a shift from “shade-grown” to “full-sun” methods and, as a
result, increased loss of habitat.10 A study in Costa Rica investigated the effect on coffee growing
of retaining forest ‘patches.’11 The study identified bird species that consume the coffee berry borer
beetle, a pest that damages coffee harvests, and found that with more forest cover, the number of
these birds increased and beetle infestation decreased.12 The finding points to the possibility of a
trade-on between farming livelihood and biodiversity.

Exercises:
• Give an instance of an analysis (from a domain of your choice) where having more of one
desired feature has been viewed as achievable only by having less of a second desired feature,
but where you argue that there could be a trade-on rather than a trade-off between the two
features.
• Give an instance of an analysis (from a domain of your choice) where having more of each of
two desired features has been viewed as achievable, but where you argue that there is, in fact,
a trade-off rather than a trade-on between the two features.
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