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Abstract

Between 1970 and 2000 the proportion of global R&faurring in low income economies rose
from two percent to more than 20 percent. Howethes, rising commitment to R&D does not
easily translate into the emergence of a familyjnabvations meeting the needs of low income
consumers “at the bottom of the pyramid”, since Imo¢ these technological resources are
invested in outdated structures of innovation. Amber of transnational corporations are
targeting these markets but it is our contentiat thuch of the previously dominant innovation
value chains are either ignorant of the needs pn$aemers at the bottom of the pyramid, or lack
the technologies and organisational structuresdetrthese needs effectively. Instead, the firms
and value chains that are likely to be most su¢ekss these dynamic new markets are those
that are emerging in China and India and other ldpwgg countries, disrupting global corporate

and locational hierarchies of innovation.
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“We often assume that these frontiers of science will benefit only the richer nations of the world,
...[But] [i]n fact resource-poor settings can actually drive innovation, demanding ingenious
product designs that are less expensive, and easier to use, and require less infrastructure. It is
also easier to disrupt the technological status quo in the absence of entrenched commercial

interests organised around existing products” (Elias, 2006: 540)

“By and large, disruptive technology is initially embraced by the least profitable customers in a

market” (Christenson, 1990: xvii)



[. INTRODUCTION

However pressing the distributional concerns otressing inequality and overcoming poverty
are in the short-run, in the long-run meeting tlewelopment needs of humankind requires
economic growth. This much is indisputable, altHoulge composition of this growth — the

weight given to different social and environmengarameters — is, of course, subject to
contestation. Growth can arise from one or a coatlwn of two different sources — an increase
in theamountof investment applied to production (“extensivewth”) and an improvement in

the quality of this investment (“intensive growth”). Most rdpi-growing economies draw on

both the extensive and intensive margins. But,easingly through the last three centuries, and
inevitably even more so in the coming centuriesglabal resources are depleted the focus of
attention has been, and will be, placed on thensmwe margin. And as we now have also
realised, innovation and technological changetlih@ centre of investment quality and therefore

at the root of growth and development agefhtias

The implied changes in the agenda for underdevedopnvere just as significant, as underlying
all international poverty and inequality were p@monomic conditions. In recent years there
have been major structural changes in process8#& dfinvestment. However, little of this has
filtered through to the development community, iheontinues to run on old tramlines. In this
paper we briefly review the old model (Sectiondhd then focus on the new currents of thinking
and practice about innovation, so-callgidde 2innovation (Section Ill). This is followed in
Section IV by a discussion of a series of emerging outlier trends in innovation in various
global settings. These trends offer the possibifily developing economies of disrupting
dominant power relations in innovation, and alsdefter meeting the needs of the poor. This
leads us in Section V to identify the potentiallgykrole played by an innovation surge in the
Asian Driver economi€$ and its potential relevance to meeting developaiereeds in other
low income economies. In the final section we aisete, however, some outstanding science

policy questions and the importance of keepingedltgsestions alive in policy debates.

" The classic article demonstrating this is, arguably, Solow (1957).
12 Other emerging industrialised countries may also offer increased opportunities for poorer developing countries.



[I. RUNNING ON TRAM-LINES: BEST PRACTICE IN DEVELOP MENT-
CENTRED INNOVATION

In the 1970s an important document brought innowatio the centre of the development
discussion. TheSsussex Manifesta key document, identified the importance of rscée and

technology (hereafter S&T) in raising economy-wmleductivity and output.

“The underlying problem arises from the internagibrivision of labour in science and
technology and the present massive orientation afdnscientific effort to the problems and
objectives of interest principally to the advancedntries.” (Sussex Manifesto, p. 1)

Not only was there insufficient investment in LeBgiveloping Country science and technology
but what existed was marred by an “external braand of skill migration to high income

economies as well as an “internal brain-drain” asnestic S&T systems, largely publicly
financed, were modelled on advanced country irgiits. As a result high-level human and

capital resources were wastefully built-up withidiimpact on local economic systems.

A number of solutions were proposed to meet thesklgms: developing countries should raise
their R&D expenditure to 0.5 percent of GDP; th@atted countries should support R&D in
low income economies, including by providing aiddasrienting at least five percent of their
own R&D to meeting the needs of developing coustree technology transfer bank should be
established to widen the shelf of existing techgase available to producers in low income
economies. The Sussex Manifesto concentrated on HRA&Dresearch and technology
organisations (RTOs) as timeajor source of innovation. Most of these, and the agqm@omging
R&D, were in the public sector. In the subsequaerdades since the Manifesto was written this
focus on R&D has been reflected in increasing R&Westments by low income economy
governments and the international community to nieeteeds of low income countries. Table
1 shows the extent of investment in R&D in suchnewoies. The Sussex Manifesto had
estimated that at the end of the 1960s only apprataly two percent of global R&D occurred in
the developing economies. Two decades later, #tis had risen to 10 percent, and by 2000,

more than one-fifth of global R&D was located i ttheveloping world.



Table 1. Developing Countries in Global R&D

c1970 1990 2000

Share of global R&D | 2.0 10.2 21.0

($PPP) (%)

R&D as % GDP NA 0.7 0.9

Coverage Excluding centrally | Including centrally planned and
planned NIC economies

Source: 1970 - Sussex Manifesto, 1970; 1990 and 2000 - UIS Bulletin on Science and Technology
Statistics, Issue No 1, 2004, cited in M. Bell, 2007

These internal commitments to R&D expansion in tiag countries were complemented by
significant progress in the level of resources deddoy the international community to S&T
directed at low income economy needs. In additowidespread support for the expansion of
tertiary education in the developing world, the imostable investments in global RTOs focused
on the developing world occurred within the framekvof the CGIAR family of agricultural
research centres. Despite problems in the archredf these institutions, they did have some
major early successes, most notably in the cagsbeofsreen Revolution. However, while the
original CG centres did well in selected mandatexps, they did so under particular conditions
and contexts. Since the early 1980s they do naoh deeéhave achieved similar levels of success,

and they are now under some threat (Hall et al3200

Despite this increase in commitments to R&D, theetlgoment of innovation capacity in many
low income economies has been poor. Many develomogtries do not seem to have been able
to avoid the very problem that the Sussex Manifes&s trying to avoid — the waste of
resources arising from what it referred to as ‘ititernal brain drain”. Technology development
continues to rely on inputs from the industrialvanced economies and is often inappropriate
to the needs of low income consumers and operatiegonments with poor infrastructure. The
shortfall of these innovation processes with respemeeting the health problems concentrated
in developing economies (Malaria, HIV-positivityBY is increasingly widely-recognised, and
being confronted (with varying degrees of succeaff)in the context of the Global Fund, the
Gates Foundation and other initiatives (Chatawagl,e2007, Moran, 2005). In agriculture there
are still too many examples of local agribusinegsalssing local S&T systems and relying on

foreign sources of technology to provide up-to-datevation responses (Keskin et al, 2008).



In light of these problems, and given the persistevels of poverty that continue to exist, there
is a need to give urgent policy attention to preessof innovation which are efficient and
appropriate for low income developing economieseréhis still a large body of opinion that
would simply increase the levels of expenditureR&D targeted at, and in, countries with low
per capita incoméd However, since the Sussex Manifesto was writtingh has changed in the
structure of best-practice innovation in the indafised countries, suggesting that business-as-
we-know-it/running-along-the-same-tramlines may lomger be appropriate. Yet in many
respects, perspectives on S&T in many developinghitg contexts still faithfully reflect the
worldview of the Manifesto (Bell, 2006 and 2007;IH2005; Clark, 2002, 2009). New ways of
thinking appear to have had little impact. We badi¢hat these changes are so significant that
they force us to think about developing countryoweation in very different ways. But before
considering these policy implications in Sectiofisahd IV we highlight some of the major
changes that have taken place, and continue tamdm ghe environment in which innovation

occurs, and consequently in the architecture afvation practices.

'3 Good examples of this can be found in Lipton (1988) and Pardey et al (1997). In the latter the authors provide a detailed account
of the decline in African agricultural research spending but there is virtually no analysis of why this has happened. Consequently the
final conclusion focusing on the need to increase finance is unconvincing. The Lipton paper goes further in linking declining research
expenditures to falling economic rates of return but the analysis virtually ignores institutional questions, concentrating instead on
poor policy frameworks, below optimum size of research stations and product relevance.
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[ll. MODE 2 INNOVATION: NEW CURRENTS IN THE INNOVATION
STREAM

0] New Industrial Paradigm

A key development in the structure of innovatiorogasses can be traced back to the
transformation in industrialised country marketsiny the late 1960s and early 1970s. Until
then, the focus on economic growth had been onrantngithe supply response following WW2
and then the Korean War. This was essentially air@mment of constrained supply in an era in
which per capita incomes were not much differerthtzse in current middle-income economies.
It was a world characterised by relatively limif@educt diversity, thus allowing for economies
in scale in production, utilising inflexible dedied equipment and hierarchical labour processes.
This production paradigm has variously been refetoeas mass production or Fordism and was
extensively chronicled by Piore and Sabel, Best@hdrs (Piore and Sabel, 1984; Best, 1990).
The move from Fordism to post-Fordism entailed mgwbo just-in-time production systems and

leaner, interdisciplinary production systems.

The superiority of post-Fordist systems was evidana number of respects. It provided for
increased flexibility and diversity, exemplifiedreently by the Zara clothing retail chain which
changes its product offering every week. By redgaiefects and wastage, and especially by
thinning inventory lines and producing to ordetheatthan to forecast, it was also significantly
cost-saving. In computing Dell’'s make-to-order dafig is now widely replicated across
industries. Crucially it also led to fundamentahoges in the nature of work and the organisation
of firms and value chains. If a single phrase wersum up the innovation challenge provided by

this new production paradigm, it is one of enhandedk-speed (Stalk and Hout, 1990).

Toyota’s advance to supremacy in the global auttoseeflects its mastery of lean production.
It achieves high levels of quality, and couples thith rapid product innovation, excellent price-
quality trade-offs, and thin-inventories. It is wlg-copied across industries. Critically, the new
production paradigm is not confined to manufacirin- global agricultural-to-retail value

chains, coordinated by retail giants such as Wadlm@wad Tesco, illustrate the generic nature of
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the competitiveness of this new system of innova#ind production (Womack and Jones, 1996)

and the new paradigm has even been implementeaspithl design (Kaplinsky, 1995).

A number of features of this production paradigitected a sharp divergence from the model
implicit in the Sussex Manifesto. In the first pacloyota distinguished between big changes
(“kaikakd) and small incremental changegdizeri) (Womack and Jones, 1996). The R&D and
S&T approach to technology development was very hmimcthe mould ofkaikaku But, in
reality, Toyota and its followers were able to shthat the cumulative effect of a myriad of
small changes within the production and design gsscadded up to rapid and significant
changes? These changes are referred to kaiZer, continuous improvement, and result from
active participation by the labour force in makisgggestions for improvement in process and
product (Imai, 1987). The numbers of these suggestirom the labour force — requiring, by
the way, a shift from the single-tasking and singitéling Taylorist division of labour in mass

production — were staggering.

A second distinguishing feature of innovation ine thean production paradigm is its
interdisciplinarity and in-parallel nature. Thisegemplified by the ability that Toyota and other
Japanese automakers have developed to reduce digm @gcle for a new car from more than
eight years to less than 18 months. This was aetidy the introduction of cross-functional
design teams — a mix of disciplines and functionsand having them work in parallel, rather
than in sequence. This is referred to as “conctiergineering”. In the previous paradigm, there
was a strict sequence of specialisation and terhgeparation in the design and development
cycle, with each function working on its task omlgen the previous function had completed and
passed on its work. An important component of thesecurrent engineering teams is that the
end-actors in the production chain — marketing aakts — are included in these teams to

ensure that the products are pulled by customeaddprather than pushed by the imperatives of

supply?®

 The importance of incremental technical change had, at the micro level, been demonstrated for some time in the industrially
advanced countries (Hollander, 1965), as well as in developing economies (Katz, 1987). But the significance of this micro-level of
change had been little noticed, either in innovation theory or in institutional design.

!5 Similar principles were reflected in the transition from just-in-case inventory push systems in mass production to just-in-time pull
systems in lean production (Womack and Jones, 1996; Kaplinsky, 1995)
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The third distinguishing feature of the lean pradat paradigm led on directly from this.

Concurrent engineering practices were extended frandifferent functions within the firm to

the different links within the value chain. Systenefficiency, thus, required close interaction
across the spectrum of firms involved in the ch&nucially, governance by lead firms was
required to coordinate this innovation cycle, whioereasingly involved high-trust relations
between firms without the cement of internalisattbrough dominant equity holdings (Sako,
1992).

As described, this new paradigm involved closeration between innovation and production.
There was no clear separation of the innovatiortgs® as an “S&T” activity driven by R&D
from highly-skilled scientists and technologistisl of course, is not to say that there was no
S&T or R&D content, but rather that these were ofsebsumed in, and integrated with, the
design and production and marketing functions witmd between firms. This point has recently
been emphasised in Bell's recent report to UNCTAZDO{7) on overseas development
assistance. Based upon detailed empirical anabxss the last 50 years or so he argues that
successful technology development is largely entsafbased and relies on “public sector
science” only to a limited extent. R&D is importaof course, but it is not where innovation
mainly takes place and it is innovation, not R&Dattheally drives possibilities for poverty

reduction.

Take, for example, industrial activity. It reallyp&s not matter whether you are considering a
cassava processing plant in Ghana or a deep wett@gum facility off the coast of Angola. In
either case the investment activities associated amy new venture will follow roughly the
same rules. The firm will determine the macroecoicoamd government regulatory contexts,
specify the process and product design, the anciliilities such as power and water supply,
the necessary financial and due diligence compsnearid associated contracting and sub-
contracting arrangements for its engineering. Mansnt of the package is a highly skill-
intensive process and one that takes time. It vaifl,course, hopefully embed the latest
knowledge as a necessary condition, but in praettegy project is a new project and it is in this
process of “getting it right” that much of the nssary learning and innovation takes place. Bell

also shows that in general the resources neededanermany multiples of basic and applied
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“research rich countries costs.” It is in teing of itthat knowledge is expanded. And this is
where the private sector is so successful. No pniser would tolerate the levels of economic

inefficiency routinely exhibited by public sectaiience. It could not afford 0.
(i) From Mode 1 to Mode 2

A second factor that has begun to influence thevation debate is the concept Mbde 2
science introduced by Gibbons and his colleaguestinok published in 1994 Ever since the
publication of the Rothschild report on UK sciempagicy in 19722, which introduced the notion
of the “customer-contractor” relationship into goweent R&D expenditure polic¥, there had
been an implicit realisation that bureaucratic safpan of “science” from “economic
production” was an inefficient way of managing nes@s. Indeed this view probably goes back
even further to the famous Reith lecture of C.Rov8im the late 19538 By the 1990s there had
arisen a whole series of institutional changesgiesi to tie public investment in “science” to
stated welfare objectives. Good examples of thisewibe creation of the UlBiotechnology
Directoratein 1980, the UK DTI Link scheme of the 1990s ahd éstablishment dforesight
Exercisesn many countries during the 1980s and 1990s. Comtua all of these “institutional
innovations” was the realisation that the searchdiod validation of knowledge needed to
involve a much wider body of stakeholder intereatsd capacities than had been the
conventional case. Not only had R&D expendituresob@ merely a part of the story but also
the funding activities of research councils andeotklonors were struggling to give this

operational meaning in practice.

The concept oMode 2innovation was developed to characterise and igedhis transition in
innovation paradigm, and to contrast this agaihst inheritedMode 1 model implicit in the
S&T-R&D science-push approach implicit in the Sus#anifesto (Gibbons et. al., 1994). In
the words of Nowotny et al (2003) its broad thegas that:

% See also Bell (2005)

7 See Gibbons et al (1994)

'8 See Rothschild (1971)

19 Similar developments began in other high income economies but we have used the UK for illustrative purposes
% See Snow (1963)
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“The old paradigm of scientific discoveryMode 1 characterised by the hegemony of
disciplinary science, with its strong sense of mternal hierarchy between the disciplines and
driven by the autonomy of scientists and their haostitutions, the universities, was being
superseded — although not replaced — by a new pgmag@Vode 3 which was socially

distributed, application-oriented, trans-disciptinand subject to multiple accountabilities”.

The argument is both positive (this is what is altjutaking place) and normative (it represents
an opportunity to improve best practice) and hased considerable debate within scientific and
related communities. The essential characteristiddode 2knowledge may be summarised as

follows:

It is generated within the context of applicatiodanot solely through scientific experiment

It is essentially trans-disciplinary and not soledgucible to the outputs of single disciplines

It is developed within and across widely differerganisational forms

It is “reflexive” in the sense that it is not redhie to an objective investigation of “natural law”
but is rather a dialogue between research actarsabjects

Quality is controlled not only by scientific peeeview but also by other actors including
research “clients”

Issues of policy, commercialisation (including ligetual property rights) and accountability are

now very much to the fore in corresponding sciame@agement

What this adds up to is that the framing contexwinich knowledge generation/validation takes
place has changed. Even where S&T and R&D interisitgecessitated by the knowledge-
intensive nature of technologies, the capacityeohhology suppliers to determine the innovation
agenda has been curbed. Instead, research effersse@red by demanding providers of finance,
by important intermediary bodies like banks and NMGDd by the needs of users. Researchers
are increasingly accountable to a progressivelyentmmplex array of stakeholder groups and
operate in a context of deepening globalisationth&tsame time, and reflecting the reigning-in
of the pursuit of knowledge for knowledge’s sakere has been an increasing tendency for

knowledge generation to be privately appropriatgtar than being seen as a public good.

% See Nowotny et al (2003), p 15
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In this contextMode 2innovation has different characteristics. Filsg emphasis on usefulness
and application has meant that knowledge is deeelap the context of use rather than as a
process detached from production and consumptiomsk and groups of firms, become a
primary locus of innovation (Bell, 2007). Secondlye innovation agenda is increasingly trans-
disciplinary and much of the requisite knowledgeaisit, and held in teams and routines rather
than stored as abstract and codified informatidnirdl many more players are incorporated in
the innovation cycle — for example, workers, NGBanks, firms in a value chain and users, as
well as the “usual suspects”, research and techggotwmganisations (RTOs) and universities.
And, finally, the innovation process is much moeg#axive, involving an interaction (often in a

number of iterations) between knowledge-producedskaowledge-users.

It is this changing practice in innovation systenmsjolving systemic efficiency, in parallel-
activities and a combination of big-jumpkd&ikakd) and small improvements Kaizeri) which

has come to dominate the innovation process in s@urs at least in high-income economies.
Sadly, little of this innovation-best-practice Hdtered through to low income economies, who
predominantly continue to see innovation as a E®a big-pushes, driven by R&D and
investment in S&T or investment in industrial preses without sustained linkages to users. This
leads to major anomalies in a number of contextee Tevelopment of a powerful
pharmaceutical industry in India is a landmark e thistory of industrial development
(Chataway, Kale and Wield, 2008) and has done ntagbrovide cheap generic drugs to the
world. However, partly because of failings in treahh system, it has had limited impact on the
needs of the poor in India. Moreover, there id #tié problem of how to invest in science in
relation to the needs of the poor. How can investmn cutting edge science be oriented to
meeting critical needs of poor people? So, cleariych can be offered to speed up and make
more relevant innovation systems in low-income eooies. Mode 2 principles need to be

applied but Mode 2 principles are unlikely to egiirresolve the problem.
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IV. BEYOND MODE 2: NEW CONSUMERS, DISRUPTION AND NEW
ENTRANTS

If Mode 2innovation systems offer significant benefitsomtincome economy environments, to
what extent does this meet the challenge of pramgatievelopment in these economies? The
problem is that this wider diffusion of innovatisystems will, at best, only help to arrest the
growth in the innovation-divide between high- amdviincome economies. It does little to
redress the global balance in innovation hegemartyp effectively meet the needs of very low
income consumers — perhaps not the “bottom billig@dllier, 2007) below the $1pd MDG
target, but those one step up in the income laddkér annual household incomes of less than
$5000. We have, therefore, to think beyondNtaele 1 - Mode 2nnovation divide, and to move
into an arena which we term “below the radar intiovel.?* This builds orMlode 2practices, but
goes beyond them to encompass new and disruptigesfof innovation, which simultaneously
meet the needs of a very different group of consapand potentially change the pecking-order

currently governing global corporate and nationafdrchies.

In sketching-out this emerging pattern of below-théar-innovation (hereafter BRI) we begin
by drawing on strands of new behaviour which atkeeirelatively new, or whose significance
has, hitherto, been under-recognised. We refdrisoensemble of developments as being “below
the radar” since theollective significanceof these new currents is only poorly recognised at
present, not just by policymakers, but also by mahyhe core innovation systems which
continue to plough an innovation path confidenttheir long-term supremacy as innovation
leaders. We begin with a review of some relativedglected concepts in the innovation systems
literature (focusing on architectural systems alwba value chains rather than on the national
and regional innovation systems addressed in méicheoinnovation systems literature). We
then consider the emergence of new forms of denethdAnovation, before turning to the
opportunities opened for profitable production bg tapid growth of low-income consumers in

the global economy.

2 \We are grateful to John Bessant for suggesting this terminology to us.
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4.1. Innovation Systems

Initially put forward by economists such as Nelsowl Freeman in the 1980s to explain the rapid
economic growth of the so-called “newly industsailg countries” (NICs) over the latter part of
the 20" century the use of innovation systems has been extenugdi@veloped widely over
the past decadé$. Originally the concept was developed to deal wikle inability of
conventional economic variables (such as capitadtment and R&D expenditures) to explain
differential rates of economic performance andawate the role of knowledge among a much
wider range of stakeholder groups than had prelydaeen the case. The concept is now used as
a kind of shorthand for the network of inter-orgational linkages that apparently successful
countries have built up as a support system fon@wic production across the board. In this
sense it has been explicitly recognised that ecananeativity is actually about the quality of
“technology linkages” and “knowledge flows” amongdebetween a wide spectrum of economic
agents — at least, it has in relation to technoldgyelopment in the high income economies.
We shall return to a rather different scenario ffmw income economies below. There are,
however, two additional dimensions of innovatiorsteyns which are particularly relevant to
BRI. The first of these is the distinction betwesmmponent and architectural innovation, first
highlighted in the early 1990s by Henderson andrkClahe components refer to the core
modules of knowledge and capability. The architectefers to the systemic way in which these

components are combined.

Henderson and Clark make the important point theg capabilities in particular components of
capability involve routines — structures of goveroa, of information flow and of organisation
(Henderson and Clark, 1990). They engender formgatii-dependency (Dosi, 1982; Nelson,
1993) which may blind firms that possess valualsld eomplex competences in components
from radically different ways of integrating thesemponents — “[a]rchitectural innovation
presents established firms with a more subtle ehg##. Recognising what is useful and what is
not, and acquiring and applying new knowledge whecessary, may be quite difficult for an
established firm because of the way knowledge —tiquéarly architectural knowledge — is

organised and managed” (Henderson and Clark, ®B0: This path dependency is not limited

% See Freeman (1987) and Nelson (1993) for example. NICs refer to the “newly industrialising countries”.
 See, for example, Oyeyinka (2005)
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to the routines developed by individual links witbmpetences in key core components. It
applies equally to the design of the architectayatem. The system itself, involving often long-
lived relations of trust between key players in tiain, is also characterised by sticky and

repeated forms of intra-system interaction, and tesociated routines.

A second important strand in systems-thinking whigtrelevant to BRI is that provided by
global value chain analysis (Gereffi et al, 2005;apknsky and Morris, 2001;
http://www.globalvaluechains.ong/The value chain describes the full range ofvéieés which

are required to bring a product or service fromoemiion, through the different phases of
production (involving a combination of physical nsfiormation and the input of various
producer services), delivery to final consumers] &nal disposal after use” (Kaplinsky and
Morris, 2001: 4). There are a number of distincfeatures to this value chain approaCimeis
that the chain typically has deep routes intoutspdy base, and extended foliage in its links with
varied tiers of intermediary processors and fimahtsuimers. Chain coordination is thus a key
component of successful chain performar®econdand related, the value chain framework is
not just a heuristic taxonomy for recording flowk products, people and knowledge. The
coordination which chains require involves power the power of inclusion/exclusion, the
setting and monitoring of chain performance stamslaand the allocation of the division of
labour in chain rolesThird, in the context of deepening globalisation, valleins are
increasingly global, drawing not just on global gligrs, but targeting a global pool of global

consumers.

How might these strands of systems thinking infaeethe significance of a new genre of BRI?
The point is that global value chains involve asmtium of firms and related organisations that
are brought together in particular business comdijons, targeting global markets in the search
for economies of scale. The individual links indbechains represent the core competences of
Henderson and Clark; the chain represents thelmtaoture. Given that value chains are trust-
intensive, these increasingly global system archites are subject to path dependency, drawing
on and incorporating a range of changing competeacel players. The governance of these
chains is largely in the hands of a relatively smamber of TNCs who target global markets

with global brands (Toyota, L'Oreal, Nike) and ddished delivery systems (McDonalds). They
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invest vast sums in the sophisticated learnindnefrteeds of their customer base and in aligning
the business strategy of their chain organisationmieeting these needs. Although they
differentiate their final offerings to meet the dseof culturally-specific markets, as a general
rule these differentiations are minor variations aotheme. For example, even within France,
Nestlé markets different blends between northedh southern regions. What they know much
less about are the needs of different consumerg,diéerent operating environments, and of the
chain configurations that are best suited to mgetirese new needs and operating conditions.
The neglected needs that are most evident are tiagey low income consumers in developing

countries characterised by insecurity, volatilapd poor infrastructure.

4.2. Demand-led Innovation

Mode linnovation systems and their associated productiomctures are essentially supply-
pushed systems. Producers make guesses (sometonesniormed than others) on what they
think their final users will valueMode 2 innovation systems, as we have seen, are more
reflexive, drawing consumers into processes detengithe prioritisation of research agendas.
In some cases, by exercising financial muscle aigucontract supply procedures, users pull
required innovation from production systems; inentbases, producers proactively interact with

users and other linked bodies in the developmentiitédble products and processes.

This producer-user interaction is an essential attaristic of the relationship between the
suppliers of capital and intermediate goods and thevnstream user industries, and has been
long-recognised (including in Pavitt’'s taxonomyimfiovation, Pavitt, 1984). But, more recently,
or perhaps more recently recognised, is the rolelwfinal consumersplay in innovation
processes. Effective final use often requires a@rable learning, and as von Hippel has pointed
out, the knowledge so produced is asymmetrical; if)ahe user knows much more about the
product and its characteristics than does the merduMoreover, much of this knowledge is
path-dependent and context-specific — “In the dmecase of product development, this means
that users as a class will tend to develop innownatihat draw heavily on their own information

about need and context of use” (von Hippel, 20@: 7
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4.3. Bottom of the Pyramid

In their bookThe Fortune at the Bottom of the Pyrapftahalad and Hammond drew attention
to the market potential of this new class of consigr{Prahalad and Hammond, 2002), pointing
out that there was something in the region of Hobilpeople living at per capita incomes below
£2,000 p.a.. Together with Hammond, and in his egbsnt book (Prahalad, 2005) Prahalad
makes three key points which lead him to charasxettis market as being “the fortune at the
bottom of the pyramid”First, although incomes are low, many of these peopte aative
consumers of purchased goods and services. But togisumption is often much more
socialised than that of higher income consumers.eikample, cellular phone handsets in rural
areas are shared among many users, rather thagm ibdimidually owned.Secongd many of the
products which the poor consume make intensiveofisadical new technologies, a departure
from products classically highlighted in the apprafe technology literature. Anthird, and
perhaps most radically, these poor consumers reqmires market of growing significance and
provide the potential for highly profitable prodiact. Crucially, Prahalad sees this as providing a
market opportunity for TNCs rather than for the Sviihd locally-owned firms long identified
in the appropriate technology and informal secttardture as being key providers for low

income consumers.

21



V. BELOW THE RADAR INNOVATION: PROSPECTS FOR THE
FUTURE?

The original Sussex Manifesto was written in 1980aa advisory document for UN policy
during the “Second Development Decade”. In manysaawas ahead of its time and sought to
raise issues that were not part of conventionakcpaliscourse. Regrettably the Manifesto did
not really make the impact it deserved and timeduase on. Now 40 years ahead it is clear that
the international context has changed consideradiging important questions about the role of
S&T in the new globalised 21century. We have argued that until the lat&" 2@ntury, the
dominant mode of thinking about innovation was haracterise this as a challenge involving the
application of science and technology (measuredutiit R&D expenditures) to economic
production. Organisationally this gave primacy tcestific and technological inquiry in
institutions of higher learning, in RTOs and in thesearch laboratories of large firms.
Conceptually this involved a linear conveyor-bkifysely characterised as scierm®einvention

=>» technology=>» production, beginning in the national system afowation with very high
level and disciplinary-specialised skills, and sdgently spreading to the productive sector
where innovations were implemented by much lowegelleskills. In the innovations systems

literature this was referred to Bode linnovation.

This Mode linnovation system began to run out of steam foaiety of reasons outlined in
Section 1ll. It has begun to be supplanted — astléa many high-income economies — by
Mode 2forms of organisation, involving greater entergfimased technology development, a
heavy input of low-level incremental change, greateteraction among the invention-
development-production components of the innovatigeie, the undermining of specialised
disciplinary silos, and a transition from a supplshed innovative system to a user-pulled
funding process. “Best-practice” thinking aboutamation and development is thus increasingly
geared towards the promotion of tkle@de 2framework. There is clearly considerable scope for
gains to be realised through the promotion of iaseel enterprise- and farm-based innovative
efforts, and the reflexive interaction among pradgcunits, NGOs, RTOs and higher
educational institutions. This policy agenda isr@asingly widely recognised (albeit not widely
implemented) — it is, to open the radar-metaphorthe strategic radar screens of many private

sector decisions-makers and policymakers in lownme economies.
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However, at best, the rapid adoptionMidde 2only offers the possibility of allowing innovation
systems in low-income countries to arrest the gngwinnovation gap with high-income
economies. It does little to challenge the hegemohyestablished hierarchies in global
innovation processes. It does not address theetttgdl of meeting the needs of very low income
consumers. In some cases this means ignoring timardés of consumers who are happy with
much lower levels of quality than the products ped for global markets (albeit with
variation) by TNCs, and who often consume (collestti on occasions) in distinctively different
patterns from the prevailing markets in the higbeme countries and the high-income
communities within low-income economies. Nor ddesMode 2model respond centrally to the
need to develop and diffuse forms of production sexvice delivery which are appropriate to
low income economies with poor and unreliable istinacture and fragmented and seasonal
markets. And nor does it meet the needs in manjoise¢such as health, agriculture and
education) of developing different distributionaiseems for the delivery of the products and

services which they require.

Finally, in key areas such as areas of life scisnbode 2 approaches may not resolve science
policy challenges of redirecting investment in bastience to meet the challenges of the poor.
For example, it is clear that after more than largeof investment in highly creative Mode 2
experiments in HIV vaccine research in organisatisunch as the International AIDS Vaccine
Initiative, new approaches to basic science nedxet texplored. While product and clinical trials-
based approaches were positive in many respecisdiienot resolve the quandary of how to
steer basic science, such as in cutting-edge sgsbéstogy, in such a way as to be relevant to
needs to the poor. The current debate over howdlate the work of the CGIAR centres and
scientists is another indication of the same probl8hould CGIAR scientists and centres be
evaluated through the quantitative metrics relatmgitations and publication in world leading

discipline journals or by their contribution toaliating poverty and linking to MDG¥

Given this we anticipate the development and difiu®f a new pattern of innovation in and for
low income economies, which we characterise as BRARI approach might take the following

forms:

% See also Millennium Project (2005) for a comprehensive analysis of mechanisms designed to link S, T and | to the MDGs
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() In terms ofcapabilities it is premised on the reality of growing scierael technological
capabilities in low income economies in general] anChina and India (the two core Asian
Driver economies) in particular. This follows masgcades of investment in education and skill
development, the growth of large and dynamic cagit@ds sectors, and growing expertise in
innovation in business systems, though in poorgiores such as Africa and many parts of Latin
America such capabilities largely remain to betbuil

(i) In terms ofmarkets rapid growth provides enormous incentives forovation and for the
reaping of economies of scale and scope (Verdoowaw, McCombie, 1986). However,
distinctively this is a market of very low-incomensumers, with associated trade-offs between
price and product quality and variety. Since mahthese consumers are also closely linked to
the agricultural sector, incomes often vary sed$pniaarge households and dense living also
provide scope for less individualised and moreethand collective forms of consumption

(i) In terms of production parameterslow labour costs provide the potential for less
mechanised forms of production. Infrastructureydally poor and unreliable, labour relations

are distinctive, and in many cases skills amorgstabour force are also low.

Many of these market and production characterigtreslong-lived and underpin the long-term
commitment towards appropriate technology. The redements are the dynamic market
conditions and the very substantial accretion ofipction, skill and technological capabilities in
low-income economies. As we observed above, a leatufe of BRI is thecollective
significanceof these various developments underlying innovaie a process. The likelihood,
therefore, is for the development of new product€hina and India aimed at these low-income
markets. The product-process linkage inherent imymsectors — again, observed in the
appropriate technology literature — leads to atehiisg of production technologies which are
similarly reflective of operating conditions in #e low-income markets. This is not a
development which is confined to goods (for exammee child per laptop and wind-up
computers), but also to services (for example,ptavision of low cost rural health delivery
incorporating a mix of western and traditional lees) and innovation in long-distance learning).
Similarly, this interactive nexus of low-income druwts and production technologies is not
confined to the core component technologies idiedtiby Henderson and Clark, but equally to

the value chains within which they are embedded.
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Thus, we anticipate a new generation in innovasigstems, with the core development of low-
income economy specific products and processesgbleicated in low-income economies,
particularly China and India. Because of the contéxtheir development, they are particularly
appropriate for other low-income economies. Wealagady observe this in Africa, for example.
Many of the professional elites examining the eofrhina into the continent are dismissive of
the very poor quality of many Chinese products. Eesv, from the perspective of very poor
consumers, a wireless costing $2 may look and stinngl, and may have a relatively limited
lifespan. But it is cheap, and it is appropriatanifarly on health, some generically produced
drugs (such as those treating TB and malaria) noayhave the same level of therapeutic benefit
as the newest variants of treatment, but they @necbst and will often minimise the worse

aspects of a morbidity-inducing condition such la®gic high blood pressure.

But to what extent is this disruptive of establighenovation hierarchies? Here it is helpful to
turn to the ideas of Christenson, whose writingslisnuptive innovation have been so influential
(Christenson; 1997). Christenson addresses therdadf well-performing companies to exploit
the development of new technologies. His argumsngssentially that this weakness flows
directly from their core strengths, which is thia¢y invested considerable resources in acutely
understanding the needs of their core customerss TWhen a new technology arrives, which
fails to address these known needs effectively,ntlagor innovating firms are dismissive. For
example, IBM neglected the arrival of thi,5floppy disc since it was hopelessly inadequate for
the needs of its corporate customers who requiesd gquantities of data-storage. Its problem
was that it knew its existing customer base tod,vrlt had no feel for a new generation of
much less demanding customers. As Christenson \adakethe previously dominant industry
leaders “.....were as well-run as one could expdatramanaged by mortals to be — but that
there is something about the way decisions get nradaccessful organisations what sows the
seeds of eventual failure”. They failed precisedgduse they listened to their customers so well
— *“the logical, competent decisions of manageméat aare critical to the success of their
companies are also why they lose their positionsleafdership“(Christenson, 1997: xiii).
Christenson goes on to observe that “[b]y and ladggruptive technology is initially embraced

by the least profitable customers in a market” @p.xvii)
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We are anticipating a similar process with regarthe new families of low-income goods and

services associated with Asian-Driver based innomatThe disruption in this case is not the

arrival of new technologies that drive the seamhnlew markets, but the disruption provided by
distinctively new types of consumers, based in losome countries. These markets induce
innovation. But in the same way that IBM was oldiws to the significance of what subsequently
came to represent an enormous market of distribcaetputing and memory-storage, so too the
existing innovation leaders are unable to eith@ogeise, or to exploit these dynamic new
market opportunities. Their trajectories and magg@ennae inhibit them from fully recognising

these new opportunities which are “below the radaineir cost structures — not just with regard

to their core component technologies, but alsostinecture of their value chains — make it

difficult to address these markets, even if theyracognised. And their trajectories and routines
place severe obstacles in their dynamic respongese new opportunities.

In this critical disruptive sense, BRI flies in tfeee of Prahalad’s assertions that northern MNCs
can effectively grasp the market opportunities Wwhie correctly identified as arising from the
growth of low income consumers in the Asian Driveszonomies. He argued that “[b]y
stimulating commerce and development at the botibthe economic pyramid, [northern-based]
MNCs could radically improve the lives of billiored people... Achieving this goal does not
require multinationals to spearhead global soaaketbpment initiatives for charitable purposes.
They need only act in their own self interest, floere are enormous business benefits to be
gained by entering developing markets” (Prahalatild@mmond, 2002: 4).

Of course there are parallels with the idea of BRI the appropriate technology movement. In a
sense BRI is the maturation of many of the ideathef AT movement, including the idea of
blending simple technologies with advanced techyieb such as electronics and
nanotechnology (Bhalla, 1984). What is differenttie@t BRI involves the movement of
appropriate innovation from the fringes of the gtloywrocess and from the purview of the NGO
movement to the centre of the globally-dynamic segps of the global economy, the core of
profit generation and appropriation in the corpers¢ctor and the heart of social provision by

the state in low income markets. Crucially, it ipracess predominantly driven in low income
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economies, by low income economy firms and in s@meas by the inclusion of (social and

natural) scientists and technologists based inilm@me countries.

To the extent that such a change in emphasis tpke® it will be crucially necessary to
incorporate appropriate institutional change withiie publicly-financed knowledge system
itself, for research institutes and higher educakiodies in many low income economies are still
largely operating adMode 1lorganisations. As such their impact on developnemuch less
than it could be. For example, new entreprenewrsoften forced to rely on foreign technical
inputs even in areas like simple food processingrehocal expertise should be available
(Keskin et al; 2009). Similarly universities progugraduates for whom there are not only no
jobs but also whose training is well below interoaal standards. Further, in some disciplines —
not least the economics faculties of many Africaiversities — the intellectual agenda is highly
specialised and is driven by the desire to mimigrse content in northern universities, in part to
facilitate the international mobility of academitagptitioners. Consequently, the best graduates
often then join the external brain drain and aréeatively lost to the local econony.
Possibilities for capacity building are also dinsimed considerably. Hence while there has been a
gradual movement towardslode 2 patterns of institutional behaviour in the higlcame
economies, this has not really taken place in mahyhe poorest low income economies,
especially in relation to their universities andiagjtural development. Similar criticisms have
been levelled at the use (and abuse) of interratiaid funding which appears to prop up
research organisations (located in both rich ara pountries) and linked NGOs but with little
obvious impact on ultimate users. And, as menticaigalve, even CGIAR institutes established
with a specific developmental mandate are now usdeous criticism for their apparent lack of
impact.

% |n a recent Panorama TV programme looking at what happens to UK tax payers money as overseas aid one component asked
soon-to-be graduates in Uganda where they wanted to work. The vast majority stated they wished to work for an international donor.
We are grateful to lan Maudlin and Andy Frost for drawing our attention to this point.
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VI. CONCLUSIONS

In this paper we have tried to show that moderdyaea of innovation policy for low income
economies are still unduly focused on traditiorzald in our view outdated) assumptions about
the interactivity of science and economic productidt the same time there has been little
appreciation of the potential for change shown dgnemic systems in East and South Asia. The
policy agenda must now shift towards understandmgnuch more detail the underlying
dynamics of technology developments currently tgkptace in countries we have labelled the
Asian Drivers where new patterns of institutional change anghacay building are evolving
under the radarso to speak. We also need to understand hovedhniext of innovation may or
may not make the resulting products and serviced, tae value chains in which they are
delivered, appropriate to other low income econam$ome of the results of this understanding
will undoubtedly make for uncomfortable readingcgithey will call into question many of our
deeply-held assumptions about the structure anctibmng of established knowledge systems.
Nevertheless the challenges are exciting since theld out possibilities for a genuine
breakthrough in international development. In thesy perhaps poverty might indeed “become
history.”
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