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Enabling Innovation

Technology- and System-Level Approaches that
Capitalize on Complexity

Making innovation happen is central to what many engineers do. However, when
we finish our training most of us believe that it is our job to conceptualize designs,
develop products and worry little about what happens after they have been intro-
duced. Our courses are generally too practical to bother with theories about how
innovation occurs, who it affects and how we might better manage the process.
Diesel, inventor of the diesel engine, distinguished between two phases in techno-
logical progress: the conception and carrying out of the idea, which is a happy
period of creative mental work in which technical challenges are overcome, and the
introduction of the innovation, which is a “struggle against stupidity and envy,
apathy and evil, secret opposition and open conflict of interests, a horrible period
of struggle with man, a martyrdom even if success ensues.”' Diesel is perhaps over-
stating the difficulties of managing innovation, but nevertheless as engineers we
are still taught to prefer technical “invention” and leave dealing with people and the
“innovation” side to others. However, engineers ignore the innovation process at
their peril. Enabling innovation means building on peoples’ ingenuity and motiva-
tions, rather than working against them.

In this paper I describe the learning selection approach to enabling innovation
that capitalizes on the complexity of social systems at different scales of analysis.
In the first part of the paper I describe the approach and how it can be used to
guide the early stages of setting up a “grassroots” innovation process. In the second
part of the paper I look at how the learn selection model can be used “top-down”
to guide research investments to trigger large-scale systemic change.

Boru Douthwaite is a technology policy analyst working for the International Center
for Tropical Agriculture (CIAT) in Cali, Colombia. He previously worked as an agri-
cultural engineer for eight years in the Philippines at the International Rice Research
Institute.

This paper draws heavily on his book Enabling Innovation: A Practical Guide to
Understanding and Fostering Technological Change (London: Zed Books) pub-
lished in 2002.
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WHY INNOVATION APPROACHES MATTER

In 1995 the Burmese military junta, the State Law and Order Restoration Council
(SLORC) decided that, to boost production, the country’s rice farmers should
grow two crops of rice each year instead of one. There was a good reason why most
Burmese rice farmers grew only one crop, however: growing two meant harvesting
the second in the middle of the monsoon and, without very fast harvesting and
drying, the grain would go moldy and spoil. The traditional single crop meant that
the grain could be dried in the field after the rainy season and that there was far
less rush. SLORC realized this, of course, and had asked the director of the
Agricultural Mechanisation Department (AMD), part of the Ministry of
Agriculture, in just 6 months to come up with a rice harvester that could save the
first crop by working in wet conditions.

By July 1995, when AMD’s search had become frantic, somebody, and I still
don’t know who, gave the department the drawings of a rice harvester. These draw-
ings were the fruit of five years of research and development I'd carried out with a
team I’d led at the International Rice Research Institute (IRRI) in the Philippines,
and with help from local manufacturers and the Philippine Rice Research Institute.
The harvester my team had designed and built is known as a stripper-gatherer
because, rather than cutting the rice so that it can be carried elsewhere for thresh-
ing to extract the grain, it moves through the field gathering the grain by stripping
it from the standing stalks.

Desperate for a solution, AMD set about building one immediately from the
drawings. When it seemed to work they videotaped it in action and AMD’s
Director showed the footage to the Minister of Agriculture and then to the whole
of SLORC. Four weeks after the drawings arrived, and without anyone using the
machine more than twice, SLORC decided to build two thousand units, one thou-
sand of which were to be ready within three months to then be distributed to the
country’s tractor stations. I did not find out about what was happening until pro-
duction had already begun, and traveled to Burma soon afterwards.

Hardly any of the machines were ever used. Thankfully, only the first 1000
machines were made, but all of these ended dumped in sheds or in the bush to rust
away. In the rush to build the machines quickly, quality control had been scrapped
and substandard materials had been used, making the machines inoperable with-
out significant modification.

The few harvesters that were used were rejected by the farmers because the
machines did not cut the straw but rather left it in the field making it unavailable
for animal fodder and making subsequent land preparation much harder.

Why had this happened? When I asked the factory manager why there was no
quality control he admitted that he knew that there were problems with the
machines but fixing them would mean he would not reach his quota. He was wor-
ried that any delays or negative reports from him would cost him his job, and was
relying on the tractor station managers to keep quiet as well. When I visited a few
tractor stations I quickly realized that this was the way things were done in Burma.
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I found that the stripper harvesters had been abandoned next to foot-operated rice
threshers, rice-hull stoves and other equipment that had been manufactured by
AMD in previous years. Neither farmers nor the tractor stations had been asked if
they wanted the equipment. It had just been assumed that the AMD engineers
knew best and could develop what was needed with little consultation.

When I left Burma for the last time I learned that AMD was starting to build
seven thousand mechanical rice reaper harvesters which were much more compli-
cated that the stripper harvester, and so even less likely to work. Nothing had been
learned. I realized that the Burmese Ministry of Agriculture, AMD and the tractor
stations were all locked into a top-down model of technology transfer that people
said was working when it wasn’t because they were too afraid of the consequences
of feeding back stories of failure.

It would be easy to dismiss what happened in Burma as the inevitable outcome
of having a military junta running a centrally controlled government through fear.
This, however, would be a mistake, because the only way this story differs from
others I came across in the eight years I worked in Asia is that it is more extreme
and its lessons are consequently clearer to see. The fact is that similar centrally-
made decisions about what is “good” for farmers have led to even greater wastage
of resources in other countries.

My Burma experience, as well as the realization that it was not isolated, led me
to two conclusions: firstly, the way people think about and plan for innovation is
vitally important; and secondly, an adequate model of the early innovation
process, where products move from concept to initial manufacturing, did not exist.
I discovered that most people thought little about how innovation would happen,
and when they did, tended to assume a model that had worked well for distribut-
ing the high yielding plant varieties responsible for the Green Revolution.

This is a top-down model, very much like that used by SLORC on the stripper
harvester, which sees formal Research and Development (R&D) laboratories as the
source of an innovation which is then passed on to others to implement. The key
stakeholders—the people who will reproduce and use the technology—are not
seen as sources of innovations or ideas in their own right. And I also found out that
a similar model is also mistakenly used in the developed world. As Von Hippel
comments: “It has long been assumed that product innovations are typically devel-
oped by product manufacturers. Because this assumption deals with the basic mat-
ter of who the innovator is, it has inevitably had a major impact on innovation-
related research, on firms’ management of research and development, and on gov-
ernment innovation policy. However, it now appears that this basic assumption is
often wrong.”

These realizations motivated me to learn from other successful and unsuccess-
ful attempts to introduce harvesting and drying equipment into Asia. I researched
13 cases in total and as a result developed a model of the early innovation process,
called the learning selection model.
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LEARNING SELECTION

The main finding from the research, and the most striking, was that the successful
technologies were the ones which manufactures and users had modified the most.
The research showed that engineers and designers were often singularly unable to
develop machine designs that people adopted, without a great deal of further co-
development with the manufactures who would build the machine and the people
who would use it.
This co-development occurred when manufacturers and users believed that
the first commercial prototype made a “plausible promise” of being of benefit to
them, thus motivating them to become co-developers. In the co-development
process the key stakeholders learned about the equipment and developed their
own procedures and protocols that often increased the performance of the equip-
ment in ways that the engineers had not envisaged. In short, the successful equip-
ment evolved after launch through adaptations made by the key stakeholders,
increased in fitness as a result, while unsuccessful equipment did not evolve.
I developed the learning selection model to describe this process.” As the name
suggests, the learning selection model is based on an analogy with natural selec-
tion, which is the algorithm that drives biological evolution. Natural selection con-
sists of three mechanisms. These are:
® Novelty generation. As a result of random genetic mutations and sexual recom-
bination of differing genetic material, differences between individual members
of a species crop up from time to time.

® Selection. This is the mechanism which retains random changes that turn out to
be beneficial to the species because they enable those possessing the trait to
achieve better survival and breeding rates. It also rejects detrimental changes.

® Diffusion and promulgation. These are the mechanisms by which the beneficial
differences are spread to other areas.

The learning selection model is depicted graphically in Figure 1. It shows a
technology, shown as a cogwheel, beginning as a “plausible promise” that moti-
vates the key stakeholders to co-develop it. The technology then increases in fitness
by gaining knowledge and becoming “meshed in” to existing systems through the
adaptation and learning that takes place. Here, fitness is taken in the biological
sense to mean improvements in the likelihood that the technology will be adopted
and promulgated. The “meshing in” of the technology, or its “social construction”
as it might also be termed, is represented by the move from a single cogwheel to
three inter-locked ones. The increase in knowledge is represented by the increase
in size of the cogwheels.

Learning selection is shown inside the black box in Figure 1 and is responsible
for the evolution. Learning selection is a process built on Kolb’s 4-stage experien-
tial learning cycle,’ and is perhaps best explained using an example.
® Experience. Suppose a farmer finds that the rice miller pays her a low price for

the grain dried in her dryer because some of it is not properly dried.
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Figure 1. The Learning Selection Model
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® Making Sense. She reflects and makes sense of the experience. She realizes that
uneven drying is loosing her money and that it might be sensible to try and
improve the dryer’s performance.

® Drawing Conclusions. She then develops personal explanations of what hap-
pened from her own or others previous experience or theories. She hypotheses
that if she reduces the amount of rice she loads into the dryer then drying will
be more uniform.

® Action. She then decides to test her hypothesis, and in so doing generates a nov-
elty.

Testing the novelty begins another learning cycle. Her selection decision to
adopt or reject the novelty will depend on whether the rice miller pays her more
for her product. The miller will make this price decision after going through his
own learning cycle when he tests a sample of her rice for milling quality. If the
farmer is participant i in Figure 1 then the miller represents participant j.

So far the third component of the evolutionary system—the promulgation and
diffusion mechanism—is missing. In the example, promulgation of the novelty
occurs when the farmer tells people in her social network, represented in Figure 1
by the “other participants” box, about the benefits of her novelty and they choose
to experiment with it themselves.

The farmer, the miller and the people they are connected to them through their
social networks will be going through their own learning cycles creating the con-
ditions for the recombination of differing observations and experiences that can
lead to novelties that have “hybrid vigor.” In the process the technology evolves and
with it the participants’ opinions and knowledge of it and the way they organize
themselves to use and promote it. These processes are all involved in learning selec-
tion.

The learning selection model is most useful when key stakeholder “learning by
using” and “learning by doing” are important in the early adoption phase, which is
the case for technologies that open up new markets. The learning selection process
works best when users are able to modify the technology, and if there are ways of
evaluating changes.

Wind turbines

The wind turbine industry is a good one for describing the applicability of the
learning selection model. Excitingly, it shows that learning-selection-type innova-
tion processes are able to harness the innovative potential of the people who are
directly affected by technology. A grassroots development process in Denmark was
able to produce a wind turbine industry that had a 55% share of a billion dollar a
year world market in 2000, beating the U.S. who spent over 300 million dollars
funding a top-down development program led by the National Aeronautics and
Space Administration (NASA). The origins of the Danish industry were a few agri-
cultural machinery manufacturers and ideologically motivated “hobbyists” who
began building, owning, and tinkering with wind turbines (generating novelty).
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There were many early teething problems but the owners organized themselves
into a group who lobbied successfully for design improvements (selection), work-
ing closely with manufacturers to solve the problems. The owners’ group devel-
oped a co-operative ownership model and pressured politicians to support the sale
of their electricity to the national grid at a fair price (promulgation and diffusion).
In contrast, the NASA led a top-down science development approach that implic-
itly assumed that scientists could develop the “perfect” wind turbine with little
input from the owners and users. NASA’s approach failed.

Computer Software

Another example, now very well-known, of the power that a grassroots innovation
model can harness is the computer operating system Linux. Linux is a “a world-
class operating system” that has coalesced “as if by magic out of part-time hacking
by several thousand developers all over the planet connected only by the tenuous
strands of the Internet.”

Linux started life when a Finnish computer science student started to write a
Unix-like operating system that he could run on his PC; he had become tired of
having to queue for hours to gain access to Unix on the University’s main frame.
When he finally got the core of an operating system working he posted it on the
Internet so that others could try it out. Importantly he gave the source-code so
other people could understand the program and modify it if they wanted. Just like
the first Danish wind turbines, early versions of Linux were not technically sophis-
ticated or elegant, but they were simple, understandable, and touched a chord with
“hackers”—people like Torvalds himself who got a kick out of generating novelty
for the sake of being creative, not for money.

Torvalds’ main role in the development of Linux after the first release was not
to write code for features people wanted but to select and propagate improvements
to the system from the ideas that streamed in. Ten people downloaded version 0.02
and five of these sent him bug fixes, code improvements and new features. Torvalds
added the best of these to the existing program along with others he had written
himself and released the composite as version 0.12. The rate of learning selection
accelerated as the number of Linux users increased and, to cope with the volume
of hacks (novelties) coming in, Torvalds began choosing and relying on a type of
peer review. Rather than evaluate every modification himself he based his deci-
sions on the recommendation of people he trusted and on whether people were
already using the patch (modification) successfully. He in fact played a similar role
to that of an editor of an academic journal who makes sure submitted articles are
reviewed but retains final control over what is published and what is not. This
approach allowed Torvalds to keep the program on track as it grew.

The learning selection approach to co-developing innovations with users

The wind turbine and Linux examples show that the learning selection model can
provide a powerful way of understanding the research, development and early
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adoption process and of managing it. Figure 2 shows an innovation process begin-
ning with a bright idea that individuals or small teams of researchers then develop
in relative isolation. While the R&D team may ask the key stakeholders—the peo-
ple who will ultimately take ownership of their idea, replicate it and make it
work—for some advice, they are driving the process.

Mokyr argues it has to be this way because the process of inventing “plausible
promises” is by its nature something that “occurs at the level of the individual.” He
says creating a plausible promise is “an attack by an individual on a constraint that
everyone else has taken for granted.” It is not something that lends itself to a broad
consensus approach.’

At some point the R&D team crystallizes the knowledge they have generated
into a prototype: their “best-bet” of what the key stakeholders want. Then, in what
marks the beginning of the start-up phase, they begin to demonstrate their best-
bet to the key stakeholders. It may take several prototype iterations before the R&D
team has received and incorporated sufficient feedback for at least a few innova-
tors to adopt it.

It is this adoption, based on the belief that the new technology makes a “plau-
sible promise” of bringing benefit, which marks the beginning of the adaptation
phase. It also marks the beginning of a period of co-development and learning
selection in which the technology evolves and its fitness improves, through the
process shown in Figure 1.

Learning selection works when people make changes to a technology and then
select and promulgate the ones that they find beneficial. This improves the fitness
of the technology—its suitability to the environment in which it is used—and
hence its market appeal. At a certain point the attributes of the technology are
good enough for the second category of adopters, Rogers’ early adopters,® to start
to show an interest. This marks the point at which the key stakeholders begin to
take over ownership of the technology.

However, the analogy between natural selection and learning selection is not
perfect. One important difference is that natural selection is blind and learning
selection is not—genetic mutations occur at random but technology and system
change can be directed. Hence, learning selection does not necessarily happen. It
only comes about if the key stakeholders are sufficiently motivated to adopt and
modify a technology and carry out sensible learning selection on it. They must also
understand the technology well enough to do so themselves. Consequently, at least
one stakeholder, often from the R&D team, must champion it and fill knowledge
gaps until the other stakeholders have learned enough to take over. This take-over
marks the end of the early adoption process and is the point at which market selec-
tion begins to work.

The take-over also marks the beginning of the expansion phase when the tech-
nology becomes mainstream. As this happens, the people adopting the technology
change from hackers (innovators) and early adopters to people who want the tech-
nology to work reliably and profitably. Increasingly the market becomes the main
selection mechanism. Manufacturers and researchers are able to gather and codify
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more and more information that can be used to build predictive models. This
allows them to move from “learning by using” which requires adopters to be co-
developers, to “learning by modeling,” where learning comes from virtual tests car-
ried out on computer rather than field experience. In so doing, the learning selec-
tion model of the innovation process becomes less relevant and the conventional
assumption that manufacturers or R&D departments can and do develop finished
technology begins to fit better.

A TEN-STEP APPROACH TO ENABLING INNOVATION

It is possible to derive a ten-step approach to enabling grass-roots innovation
based on the learning selection model.

1. Start with a plausible promise

The first step to induce change through learning selection is to produce a “plausi-
ble promise;” something that convinces potential stakeholders that it can evolve
into something that they really want. Experience shows that it is difficult to enlist
co-developers if the whole project is abstract and up in the air.

The plausible promise does not need to be refined or polished: it can be imper-
fect and incomplete. In fact the less finished it is, the more scope there is for the
stakeholders to innovate and thus gain ownership of the technology. On the other
hand the more problems there are then the greater the chances that the key stake-
holders will give up in frustration. A delicate balance must be found.

2. Find a product champion

The next step is to identify the innovation or product champion. He or she needs
to be highly motivated and have the knowledge and resources to sort problems out.

Someone from the R&D team is likely to be suitable because he or she will
probably have both the necessary technical knowledge and the motivation as they
already have a stake in the technology. He or she must also have good people and
communication skills as, in order to build a development community, they will
need to attract people, interest them in what they are doing, and keep them happy
working for the common cause. The product champion’s personality is therefore
crucial.

3. Keep it simple

Don’t attempt to dazzle people with the cleverness and ingenuity of the prototype’s
design. A plausible promise should be simple, flexible enough to allow revision,
and robust enough to work well even when not perfectly optimized. The critical
comments of your colleagues don’t matter. Your potential co-developers’ needs
and knowledge levels do. For example, if you are designing a combine harvester
and you know the manufacturers and farmers you'll be working with are familiar
with a certain type of thresher, then use that in your design, even if it is technical-
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ly not the most elegant solution. To quote John Gall, “A complex system that works
is invariably found to have evolved from a simple system that worked.”

4. Work with innovative and motivated partners

Allow the participants in your learning selection process to select themselves
through the amount of resources they are prepared to commit. Advertise or write
about your plausible promise in the media, by doing field demonstrations, or on
the Internet and then wait for people to make the effort to contact you. Don’t give
inquirers anything with a resale value for free. For example, if your prototype has
an engine, then charge the market value for it. Otherwise people may be motivat-
ed to adopt in order to get something for nothing. In addition, people generally
value something more highly if they have paid for it and they will be more com-
mitted to sort out the problems that emerge.

On the other hand you must make it clear to the first adopters that they are
adopting an unperfected product and that they are working with you as co-devel-
opers. You need to reassure them that you will be contributing your own resources
to the project and will not abandon them with a lemon. You should be prepared to
offset some, but not all, of the risk they are taking in working with you. Getting the
balance right is very important here too.

5. Work in a pilot site or sites where the need for the innovation is great

Your co-developers will be influenced by their environment. Their motivation lev-
els will be sustained for longer if they live or operate in an environment where your
innovation promises to provide great benefit. In addition, they are more likely to
receive encouraging feedback from members of their community.

6. Set up open and unbiased selection mechanisms

(i) The product champion

Once you have the key stakeholders working with you and generating novelties,
you need ways of selecting and promulgating the beneficial changes. Initially the
product champion usually plays this role. An effective selector must be able and
prepared to recognize good design ideas from others. This means that, if he or she
is also the inventor, they must be receptive and able to accept that others might
have better ideas.

Very few people are capable of being effective at both championing their prod-
uct and selecting novelties simultaneously. This is because to be good at the former
they need to believe deeply in the product’s benefits and be able to defend it against
criticism.

To be effective selectors, on the other hand, they need to keep an open mind
and be able to work with others to question fundamental design decisions.

If a product champion defends the technology too strongly, or shows bias, then
“forking” occurs and the disaffected person or group branches off on its own to do
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Figure 2. Stages and Participation in a Learning Selection Innovation Process.
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what they felt prevented from doing by the selector. It is good to have people test

alternative design paths but if it is done in frustration or spite then cliques form,

making any comparison and subsequent selection between rival branches difficult.
Creative talent is split and energies can be dissipated in turf wars.

(ii) Alternative selection mechanisms

Even if the product champion can be open-minded and unbiased he or she may
have problems convincing others. One option is to set up a review mechanism that
is well respected by your key stakeholder community. There are a number of ways
of doing this. Three that work are: (i) review by an independent organization; (ii)
peer review; and (iii) providing potential adopters with enough information to
make informed selection decisions themselves.

7. Don’t release the innovation too widely too soon

For the innovation to evolve satisfactorily, the changes the stakeholders make to it
need to be largely beneficial and, as those generating the novelties will have gaps in
their knowledge, product champions should restrict the number of co-developers
so that they can work with them effectively. When people show enthusiasm for a
prototype it is very tempting to release it as widely as possible but this should be
resisted. The technology will always be less perfect than one initially thinks.

However promising the technology might appear, there are many things that
can and will go wrong. First adopters need to be aware of this and have ready access
to the product champion. Otherwise, their enthusiasm will quickly turn to frustra-
tion and the product champion will end up defending the technology against their
criticisms. Once the product champion becomes defensive, he or she will be far less
useful at sorting out problems.

8. Don’t patent anything unless it is to stop someone else trying to privatize
the technology.

In learning selection, people co-operate with each other because they believe that
all will gain if they do. The process is, therefore, seriously damaged if one person
or group tries to gain intellectual property rights over what is emerging. Firstly, the
communitarian spirit is damaged. Secondly, patents are monopolies that immedi-
ately reduce the novelty generation rate and thus slow down future development
and the flow of ideas.

9. Realize that culture makes a difference

Culture can influence the degree to which knowledge is guarded within a particu-
lar group, or spread around. Learning selection is going to be greatly impeded in
cultures where new knowledge is carefully guarded, either through secrecy or the
taking out and enforcement of intellectual property rights.
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10. Know when to let go

Product champions need to become personally involved and emotionally attached
to their projects to do their jobs properly. This makes it easy for them to go on flog-
ging dead horses long after it has become clear to everyone else that the technolo-
gy is not going to succeed. Equally, project champions can continue trying to nur-
ture their babies long after they have grown up and market selection has begun. It
is, therefore, a good idea to put a time limit on the product champion’s activities.

In the following section I describe how ideas from learning selection can help
trigger systemic change.

BEYOND LEARNING SELECTION:
RESEARCH TO TRIGGER A “BLUE REVOLUTION” IN AGRICULTURE

I work for one of the 15 international agricultural research centers based in Africa,
Asia, Latin America, Europe and the United States of America that constitute the
Consultative Group on International Agricultural Research (CGIAR). In the 1960
and 1970s research in CGIAR Centers helped spark the Green Revolution by
breeding improved higher yielding crop varieties that were then disseminated to
farmers by national agricultural research and extension systems. This “pipeline”
approach is effective for developing certain types of technology, like seed and vac-
cines—technologies that have some characteristics of magic bullets. In the case of
seed and the Green Revolution, farmers planted improved seed, harvested more
grain, sold it for more, decided to plant it again and gave some seed to their neigh-
bors. Adoption of new varieties and improved yields spread like a virus. The role
of research was clear—keep breeding improved varieties to replace those in the
field when inherent resistance to pests and diseases breaks down. But the pipeline
approach does not work for more complex technologies than seed, as the Burma
story at the beginning of the article showed.

Today the CGIAR is confronting a new challenge: catalyzing a “blue revolu-
tion” to content with the global challenge of water scarcity. Unless water use pat-
terns change substantially, within 25 years agriculture can be expected to be using
an additional 500 km’ of water if the world is to feed the additional billions who
will live on the planet by then. This is more water than flows down the Mekong
River in one year. This water would have to come from the world’s major rivers,
aquifers, wetlands and lakes that are already under pressure. Already many large
rivers now run dry or clog up before they reach the sea, and an estimated half of
the world’s five million lakes are endangered. Unless there is “more crop per drop,”
many aquatic ecosystems will collapse and conflicts over water will increase.
Climate change only makes the challenge greater.

In contrast to the Green Revolution, there is no magic bullet for a Blue
Revolution. As a consequence, a pipeline approach to research will not be effective.
What is more, the feedback between innovation and a successful outcome is far less
direct in the case of water conservation than it is in the case of increased agricul-
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tural yields. Water flows between groups of people. Most of the time, when farm-
ers save water it is people downstream who benefit, often people they don’t know.
Improving how water is managed often requires technical innovation, but is at
least as much about linking people together, improving social processes of negoti-
ation and changing norms.

Realizing this, the CGIAR researchers focused on the task of improving global
water management have sought not simply to develop new technologies to push
into target regions, but rather to build the capacity of networks of water and agri-
cultural scientists to develop local solutions with the people who would use them.
The result is the Challenge Program on Water and Food (CPWEF), an internation-
al, multi-institutional research initiative with a strong emphasis on “north-south”
and “south-south” partnerships. The initiative brings together research scientists,
development specialists, and river basin communities in Africa, Asia and Latin
America.

With a budget of $15 million/year, the CPWF is extended over nine of the
world’s largest and most important river basins including the Nile, Mekong,
Limpopo, Volta and Yellow River. One way these scarce resources can effect change
at the needed scale is if they motivate large-scale learning-selection-type innova-
tion processes. This is possible as the case study in Appendix A shows—a story of
adoption of a no-till technology saved 1.16 km’ of irrigation water in India and
Pakistan.

The learning selection model can also help guide top-down system-level inter-
ventions. The model and complexity theory™ suggests that rate of innovation in a
system can be changed by three sets of interventions: 1) changes in the variation or
novelty of system components (i.e., types of stakeholders involved and the strate-
gies and technologies they use); 2) changes in interaction patterns between stake-
holders, in particular through changes to social networks; and, 3) changes in the
way selection decisions are made.The research that helped trigger the Green
Revolution focused mainly on developing and introducing novelty. Research for a
Blue Revolution needs to be more balanced, as we now explore.

Many of the solutions to water management problems already exist.
Consequently, part of the CPWF research should be to identify promising local
solutions. Once identified these “best bets” have the potential to spark similar
improvements in similar systems.

Although many solutions may exist, too much novelty and variation creates
uncertainty in people and can prevent them from adopting and innovating.
Research is needed to reduce this uncertainty by describing the variation that
already exists. People have been managing water for millennia and do not need
more variation so much as better understanding of what already exists.

Much more research is also needed on understanding how changing interac-
tion patterns and selection processes can help people manage their water proper-
ly. As we’ve already discussed, in some ways the Green Revolution was easy.
Farmers clearly saw the benefit in growing improved seed varieties in terms of
higher yields and incomes. Those making the changes directly benefited. Feedback
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was strong and clear and adoption increased quickly. Politicians too understood
and adoption was supported by massive state endorsement, subsidies on fertilizers,
the building of irrigation schemes and numerous policy changes.

Improving how water is managed is a different story. When farmers improve
the way they manage water the benefits may not accrue to them but to other water
users downstream. Conversely, if farmers use excessive amounts of water the
effects are not felt by them but by people downstream for whom water becomes
unavailable. Feedback is weak or non existent so there is almost no incentive to
select and promulgate better water management practices. Learning selection can-
not work. Hence it is research on changing interaction patterns, promulgation
pathways and selection mechanisms to improve information flow, feedback, nego-
tiation and decision making which probably offers the greatest potential for trig-
gering a Blue Revolution.

Research to trigger a Blue Revolution should further develop a twin strategy of
fostering local “pilot site” changes while looking for opportunities to catalyze
much larger scale changes. This requires mechanisms, such as innovation funds,
that can support potential winners. It also means using research to improve sys-
temic understanding to become better at spotting early winners, and knowing in
which systems they are likely to first emerge.

At the level of project management, a practical approach to making the most
of complexity is to facilitate a collaborative process in which project staff and
stakeholders come to a common understanding of how they see a project achiev-
ing outcomes and impacts. Doing so can help the project achieve impact by map-
ping out promising “impact pathways.” Monitoring and evaluation of projects’
progress along their impact pathways enables early identification of opportunities
and challenges, which if acted on also makes impact more likely.

Finally, to effect change, research findings further need to be packaged into
plausible promises. Without being packaged as plausible promises, key stakehold-
ers will not engage with the novelty. Without engagement there will be no behav-
ior change and no impact. Packaging of plausible promises is needed as much for
research outputs such as policy briefs, models and methodologies as it is for rice
harvesters and wind turbines. Packaging of plausible promises usually involves a
learning selection process with the key stakeholders.

CONCLUSION

The world faces huge challenges in the 21* Century, of which triggering a Blue
Revolution to improve water use in agriculture is one. Much of the response to
these challenges will come through innovation. Research can and does enable
innovation, but the way that research and innovation processes are conceptualized
and managed makes a huge difference to the ability of engineers and researchers to
foster change. The paper describes the learning selection model that can guide set-
ting up and managing grassroots innovation processes that capitalize on complex-
ity by building on peoples’ ingenuity, motivations, and their implicit theories of
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how change occurs. Enabling innovation requires fostering change at different
scales. The learning selection model can also help guide “top-down” changes by
identifying three sets of interventions that alter innovation rate in a system: 1)
changes to novelty and variation of actors and technologies in the system; 2)
changes to interaction patterns between actors; and 3) changes to the way selection
decisions are made. Traditionally agricultural research has attempted to leverage
change by changing system novelty, through, for example, breeding new crop vari-
eties. The learning selection model helps us see that bringing about a Blue
Revolution is more about changing how people interact and make decisions, and
less about developing new technology.

We invite reader comments. Email <editors@innovationsjournal.net>.
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APPENDIX. A GRASSROOTS INNOVATION THAT SAVES WATER"

No-till wheat after rice is currently being planted on over 3 million ha. of the Indo-
Gangetic plains, producing net benefits of around USD 239 million per season,
along with a 1.18 km’ reduction in the extraction of irrigation water."

Work on no-till began in the Indian Punjab in about 1970. It was restricted to
hand-sown, small-plot, on-station trials, with little or no scientist-farmer interac-
tion. Trials as designed masked the true advantages of zero-till: earlier sowing,
higher yields, reduced costs, and improved weed control. In the mid-1980s,
researchers in the Pakistan Punjab began a separate program. A key factor was
access to a “best bet”—a no-till implement from New Zealand. These were, how-
ever, expensive, heavy and few in number. Although appropriate for research, they
were not very well suited for farmer use. Researchers sponsored the development
of a local prototype but this, also being too heavy, was not well received. It did not
make a plausible promise of being useful.

From here, the initiative passed to India. An international scientist, familiar
with the no-till work in Pakistan, donated four imported implements to colleagues
in India. On-farm testing with one of these began in 1990 at Pantnagar University.
Zero till wheat performed well, with good crop establishment, higher yields and
lower costs. Nonetheless, progress was slow. The implement was again too heavy,
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and openers were prone to breakage and unable slice through rice stubble. In the
following season, one of the scientists took a simple “recombination” step, attach-
ing “inverted-t” cross-slot openers from the imported drill to his own frame
design. This was the original “Pantnagar drill” and the first plausible promise.

As it happened, there was near Pantnagar a dealership for National Agro
Industries, a Ludhiana-based farm implement company. The local dealer became
aware of the Pantnagar drill and in 1992 introduced the researchers to one of the
company’s owners. Subsequently, National learned to forge its own inverted-t
openers, which then were installed on the frame of a National conventional-till
drill. This was the “Pantnagar drill” Mark II. National was soon joined by another
company, Amritsar-based ASS Foundries. Several dozen design changes were pro-
gressively introduced, largely inspired by farmer testing. By 1995, a well-adapted
design was ready for commercial production. And just at this time, an emergency
occurred which sent researchers looking for just such a drill.

In the Indo-Gangetic Plains, continuous rice-wheat rotations favor a weed
called Phalaris minor. For many years this weed caused little damage—farmers had
learned to control it with isoproturon herbicides. But with millions of farmers
using isoproturon for Phalaris control over many years, a herbicide-resistant
Phalaris evolved. It was during the 1992-93 wheat season that a scientist working
at Haryana Agricultural University (HAU) first reported such strains. By the 1995-
96 season, the weed problem had been become a crisis. The affected area in
Haryana continued to expand and began to move into neighboring states. Farmers
grew desperate for a solution.

Some scientists felt that “desperate times call for desperate measures”, with zero
tillage being one of the “desperate measures”. In order to test the effect of zero
tillage and new herbicides on Phalaris populations, researchers needed zero till
drills. The new Pantnagar drill had just become available. The newly-formed Rice-
Wheat Consortium donated to HAU four new National no-till drills. These were
delivered in October of 1996, as the Phalaris crisis peaked. With wheat sowing just
weeks away, researchers moved to organize a research program, but encountered
an unexpected obstacle: farmers placed a high value on tillage and wished to have
nothing to do with “zero tillage”. No-till was an invention that challenged a con-
straint long taken for granted: the need to till the soil to prepare for the next crop.
In the end, however, a combination of new herbicides plus zero tillage worked well.
Phalaris populations fell dramatically, and yields were excellent.

Although the very first zero till trials in Haryana were established by HAU sci-
entists, farmer experimentation with the zero tillage soon followed. This happened
for one simple reason: instead of returning the drills to the university campus after
sowing the experiments, scientists decided to leave them in those villages where the
trials were located. Farmers were encouraged to try out the drills on their own, and
were provided with training and technical support. Learning selection began.
Farmer experimenters found that zero till helped control Phalaris—but also very
substantially reduced production costs. With this, adoption of no-till began to
spread through farmers’ networks.
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This was spurred by the purchase (by ACIAR and the Rice Wheat Consortium)
of additional drills for farmer testing. These still-scarce zero till drills were shifted
from one village to another each wheat season. Farmers interested in no-till were
invited to purchase their own drills—which they began to do in large numbers. By
1997, 150 drills had been sold to universities, ICAR institutions, and individual
farmers. The Rice-Wheat Consortium, who became one of the product champi-
ons, began to organize study tours, whereby farmers from different districts—and
even different States—could see for themselves the progress being made in
Haryana on zero till wheat. There were even study tour participants from Pakistan!

Finally, adoption of zero till wheat in Haryana was further accelerated by an
unexpected event. An agricultural department official was testing zero tillage on
his own farm, with excellent results. In 1998, his daughter got married. The wed-
ding happened during the wheat season and was celebrated in his own home. The
no-till plots were located near the path leading up from the road. As a conse-
quence, hundreds of the most influential farmers and state officials saw for them-
selves the extraordinary performance of zero till. This led to further adoption.

1. Mokyr J. (1990). The Lever of Riches: Technological Creativity and Economic Progress (Oxford and
New York: Oxford University Press), p. 155.

2. von Hippel, Eric (1988). The Sources of Innovation (Oxford and New York: Oxford University
Press), p. 3.

3. Douthwaite, Boru (2002). Enabling Innovation: A Practical Guide to Understanding and Fostering
Technological Change (London: Zed Books)

4. Kolb, D.A. (1984). Experiential Learning: Experiences as the Source of Learning and Development
(Englewood Cliffs, NJ: Prentice-Hall).

5. Raymond, Eric. (2001). Cathedral and the Bazaar: Musings on Linux and Open Source by an
Accidental Revolutionary (O'Reilly Media; Revised Edition).

5. For an elaboration, see Elliot Maxwell, “Open Standards, Open Source, and Open Innovation:
Harnessing the Benefits of Openness,” in the previous issue of this journal.

6. Mokyr (1990), p. 9.

7. Rogers (2003) identifies five types of adopter (i) innovators, (ii) early adopters, (iii) early major-
ity, (iv) late majority, and (vi) laggards. See Everett M. Rogers (2003), Diffusion of Innovations
(New York: Free Press).

8. John Gall (1978). Systemantics: How Systems Really Work and How They Fail (New York: Pocket
Books).

9. In particular, Axelrod, Robert and Michael D. Cohen (1999). Harnessing Complexity:
Organizational Implications of a Scientific Frontier (New York: The Free Press).

10. Douthwaite, Boru (2002). “How to Enable Innovation: An Invited Overview Paper.” Agricultural
Engineering International: the CIGR Journal of Scientific Research and Development. Vol. IV.
October.

11. This story is based on an unpublished manuscript by Larry Harrington titled “A brief history of
zero and reduced tillage revolution in the Indo-Gangetic Plains.”

12. Gupta, R. (2006). “RCT Induced Impacts in Indo-Gangetic Plains” RWC Research Highlights
2006 (New Delhi: Rice Wheat Consortium for the Indo-Gangetic Plains).
<www.rwc.cgiar.org/pubs/180/Highlights06.pdf>.

110 innovations / fall 2006

Downloaded from http://direct.mit.edu/itgg/article-pdf/1/4/93/704125/itgg.2006.1.4.93.pdf by guest on 08 September 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


