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ADOPTION AND ADAPTATION OF INNOVATIONS.
RE-INVENTION AS A CAPABILITY IN THE DIGITAL ERA

Alberto Medina

INTRODUCTION

The growing capabilities and rising affordability of digital
technologies (DTs) might be opening new opportunities
to address both contemporary and long-standing global
challenges. However, considering that current digital
technological development is highly concentrated in a
small number of countries and companies (UNCTAD
2019: 1), how can those who do not actively engage in
their development leverage from them in a sustainable
way and without compromising their technological self-
reliance? This paper examines ‘re-invention’, a concept
developed within the realm of diffusion of innovation
studies, to discuss the potential and implications when
besides using a technology, adopters also modify it and
adapt it. The paper is divided into four sections. The first
section reviews the challenges and opportunities for de-
veloping countries amidst the so-called digital revolution.
Section Il conceptualises ‘re-invention’ and examines its
occurrence and potential in the adoption and diffusion of
innovations. By analysing earlier policy-related respons-
es, Section Ill discusses the challenges for developing
countries brought by DTs and the possibilities and im-
plications of ‘re-invention’ in the digital era. Section IV
explores the way forward and proposes a series of policy
recommendations.

CHALLENGES AND OPPORTUNITIES OF
THE DIGITAL REVOLUTION

Certainly, the challenges and opportunities stemming
from the digital revolution vary considerably depending
on the overall level of development and digital readiness
of each country (UNCTAD 2019: 103). Without disre-
garding the above, this section provides an examination
of the implications of current digital trends for developing
countries.’

Ciuriak and Ptashkina (2019: 103) maintain that the
digital revolution presents developing countries consid-
erable opportunities for convergence. The above, the

argument goes, is enabled by the possibilities to circum-
vent industrial-age infrastructure investments; leverage
from online knowledge spillovers; benefit from digitally
enabled market opportunities (e-commerce) and to take
advantage of more cost-effective and environmentally
friendly production processes (ibid.: 1).

The opportunities of DTs seem to extend across almost
every economic sector, from agriculture and education to
manufacturing and communication. A growing number of
studies concur that DTs — including Atrtificial Intelligence
(Al), blockchain, Big Data, the Internet of Things (loT)
cloud computing — have an enormous potential to
advance the United Nations’ Sustainable Development
Goals (SDGs) in particular and support international
development efforts in general.?

The potential benefits of DTs can be divided into two
categories: First-order benefits, that result directly from
the use of DTs, such as greater productivity and improved
efficiency. Second-order benefits, on the other hand,
relate to the development, management and distribution
of DTs. These provide greater opportunities for positive
and long-lasting impacts on competitiveness and growth
(UNCTAD 2019: 105).

Notwithstanding, developing countries must overcome
many challenges if they are to capture the benefits posed
by the digital revolution. Some of the most frequently
cited in the literature can be classified into the following
categories:

1. Infrastructure: The overall capacity increase of DTs
leads to a corresponding increase in hardware and
infrastructure requirements. Many, though not all,
DTs require not only an internet connection but also
a minimum bandwidth and computational power
for ensuring their smooth operation. This challenge
becomes even more daunting if one considers
that some 850 million people worldwide still lack
access to electricity and that only 47 % of people
in developing countries have access to the internet




(IEA 2019: 4; ITU 2019: 2).° Therefore, developing
countries are compelled to make investments
in infrastructure, particularly in remote areas, to
enable the broad adoption of DTs (Dahlman/Mealy/
Wermelinger 2016: 26).

2. Skills: The complexity of some technologies de-
mands a set of new technical skills and an overall
higher level of technological savviness. Moreover,
digitalization and cost-effective improvements in
automation could not only lead to domestic job dis-
placement but also encourage multinational com-
panies to relocate production back to high-income
countries (back shoring). In doing so, they jeop-
ardise low-wage labour as a competitive advan-
tage for many developing countries (Rodrik 2018:
14-15).* Amidst this scenario, developing countries
will need to implement upskilling programs for their
workforce and increase the IT literacy across all
population segments (Dahlman/Mealy/Wermelinger
2016: 26-27).

Table A: Global Trends in Digital Technologies

Technology

Main players
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3. Regulation and policies: The pace in which techno-
logical change occurs tends to outpace regulations
and policy formulation (ibid.: 55). Also, the incipient
stage of standardisation of many DTs may further
limit the ability of governments to both design and
enforce policies and regulations. Both are key to ad-
dressing the growing concerns about DTs, such as
privacy and data protection, cybersecurity, surveil-
lance, sovereignty, and cross-border data flows. Fur-
thermore, policymaking related to digital governance,
standardisation and regulation is mainly dominated
by developed countries (ibid.: 28).

However, the underlying challenge of the digital revolution
is that the development and production of DTs are exceed-
ingly concentrated in a reduced number of companies,
countries and cities. Ten countries — United States, Ja-
pan, Germany, China, Taiwan Province of China, France,
Switzerland, the United Kingdom, the Republic of Korea
and the Netherlands — are accountable for 91 % of global
patent activity and about 70 % of total exports related to
advanced digital production technologies (ADP) (UNIDO
2019: 48-49).° Table A provides a more detailed over-
view of the current global trends.

Global contribution

Represent more than 75 % of the

Blockshain US and China total patent applications.

Al China, US and Japan ::;I?éjarlti;g;.m % of the total patent
3D-printing US, China, Japan, Germany and the UK E?;rgls:g;acpapgzéiiglately 70 % of the
loT US, China, Japan, Germany, Republic of Korea, Contribute to nearly 75 % of total

France and the UK

spending on loT.

Cloud computing US and China

Account for more than 75 % of the
global cloud infrastructure services
market.

Robotics

China, Japan, Republic of Korea, US and Germany

Represent around 73 %of the
total sales volume of robots

Note: The major global players are listed in descending order of importance.

Source: Author's compilation based on (UNCTAD 2019: 2-21).
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A closer analysis of the data reveals further distribution
asymmetries hidden behind country aggregates. For ex-
ample, a study on 30 OECD countries, including seven
of the ten global leaders in DTs mentioned above, shows
that the 64 % of total patenting activity is concentrated in
10 % of the cities surveyed (Paunov et al. 2019: 15). At
the corporate level, the International Business Machines
Corporation (IBM) has the world’'s most extensive port-
folio of Al patent applications and is a world | leader in
patent filings related to blockchain, cloud and quantum
computing (Benchaita 2020; WIPO 2019: 15).

Patenting trends can only provide a partial depiction of
the global concentration dynamics. Nevertheless, other
indicators, such as market capitalisation of technology
companies, market share proportion of digital services,
global web traffic volume, e-commerce sales, the geo-
graphical distribution of data centres and geographical
distribution of leading digital platforms point to similar
trends.® Given the above, how can developing countries
leverage from a data-driven and unevenly distributed
digital era?

As with previous technological revolutions, the benefits
will initially tend to be captured by the front-runners (Ci-
uriak/Ptashkina 2019: 2). By being at the forefront of the
latest technological developments, the latter can benefit
from a significant competitive advantage that is well pro-
tected by intellectual property rights. Although develop-
ing countries will tend to be marginalised as producers
for many DTs, they could still benefit from the digital revo-
lution, but mainly as adopters and not as rent earners
(ibid.: 1).7

RE-INVENTION AND THE DIFFUSION OF
INNOVATIONS

Developing countries are compelled to promote the
adoption of DTs to leverage from their opportunities.
Nonetheless, it is generally not clear how, by doing so,
developing countries could counter the effects of enter-
ing an enormously concentrated market. This section
introduces the concept of re-invention and argues that,
besides promoting the widespread adoption of DTs, de-
veloping countries should make proportionate efforts to
improve adopters’ capacities to modify and adapt them
to match their conditions and needs.

THE POTENTIAL OF RE-INVENTION

Adoption is the “decision to make full use of an inno-
vation as the best course of action available” (Rogers
1983: 36).2 Nonetheless, this decision is rather nu-
anced, as individuals (or other decision-making units)
can only choose to adopt (or reject) some elements of
the innovation, alter them, or even modify the purpose
for which it was initially intended. Especially during the
implementation phase, it is very likely that the innovation
will experiment changes. The extent to which an innova-
tion is changed or modified by an adopter is known in
diffusion studies as re-invention (ibid.: 175).°

The occurrence of re-invention can help to address chal-
lenges related to the implementation of an innovation
across different contexts. Several studies have shown
that the adoption of an innovation by an individual (or
an organisation) is unlikely to have similar character-
istics when it is replicated elsewhere.’® Therefore, the
prospect that potential adopters in developing countries
can re-invent or, stated differently, re-interpret, adapt or
modify an innovation — an idea, practice, or object that
is perceived as new — to meet their needs and condi-
tions better endows with greater flexibility the diffusion
process (ibid.: 178).""

Within the context of the digital revolution, the occur-
rence of re-invention could not only make the imple-
mentation process of DTs more resilient to unexpected
problems but also make them more suitable for address-
ing potential adopter’s problems (ibid.: 179). Similarly, a
higher degree of re-invention of DTs could lead to both a
faster adoption rate and a higher probability that DTs will
be used over a more extended period (ibid.: 208).

Considering the points above, building the capacity
among potential adopters of DTs to re-interpret, adapt
and modify them could facilitate a more resilient, more
sustainable and more swiftly diffusion of DTs, particularly
among developing countries that do not have a signifi-
cant role in their development. In diffusion studies, re-
invention is considered as an unexpected outcome dur-
ing the innovation-decision process.' In this paper, re-
invention is instead discussed as a capability; one that
could be encouraged and systematically strengthened.

It is worth noting that re-invention can also be restricted
or even intentionally avoided. DTs can be designed in
such a way that they are difficult to modify, or they can
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be configured to allow changes only in their secondary or
non-essential elements.”® Consequently, depending on
the point of view and objective pursued, re-invention may
be considered desirable and systematically strength-
ened or unintended and deliberately prevented.

RE-INVENTION AND DEVELOPMENT IN
THE DIGITAL ERA

This section discusses in-depth the challenges presented
in section | related to skills and infrastructure constraints
that developing countries face amidst the digital revo-
lution. It examines two critical policy-related responses
that emerged in the 1970s: the Sussex Manifesto (SM)
and the appropriate technology (AT) movement. It argues
that while the digital revolution might be leading to an un-
precedented period of technological development, in es-
sence, some of the reflections and recommendations for
developing countries made nearly 50 years ago remain
of significant value in the ongoing debate. The objective
is two-fold. First, to challenge the discourse of newness
that often surrounds the challenges discussed in section
I. Second, to highlight elements of both policy-responses
that either directly or indirectly endorse re-invention.

SUSSEX MANIFESTO

In the early 1970s, the Sussex Manifesto (SM)'*drew at-
tention to the fact that technology (and knowledge) was
becoming less and less suitable to be used in developing
countries as it increasingly required conditions and re-
sources that are not often found in developing countries,
such as abundant capital and skills (Singer et al. 1970:
para 43). The SM also affirmed that modern technologies
and scientific efforts were disproportionally oriented to
the needs and economic objectives of developed coun-
tries (ibid.: para 2).

The existing imbalance, the argument goes, must go be-
yond facilitating technology transfer (TT) to developing
countries and allow a drastic reorientation of international
efforts so that these countries can instead develop their
own scientific and technological capabilities (ibid.: para
1).'® The latter would be crucial to support the process
of selecting, using, adapting, repairing and maintaining
technologies developed elsewhere (ibid.: para 19). Ac-
cording to this view, the ability of TT to be the basis of

further innovation in developing countries depended on
the national scientific and technological capabilities of
those countries (ibid.: para 20).

The arguments and policy recommendations presented
in the SM made it relevant in three main accounts. First,
it moved away from discussions that focused on TT prob-
lems and the prevailing discourses on catching-up with
developed countries (Cherlet 2014: 15). Second, it sug-
gested that developing countries should become tech-
nological adaptors, improvers and creators, rather than
passive choosers and users of ready-made solutions de-
veloped elsewhere (Ely/Bell 2009: 6). Third, it deemed
essential that developing countries develop their techno-
logical capabilities based on deliberated actions rooted
within the global political-economic system (Kaplinsky
2011:195).®

SCHUMACHER AND THE AT MOVEMENT

In the 1970s, E. F. Schumacher, too, considered essen-
tial to adopt alternative economic development strategies
that were more appropriate to the recipient’s desires, be-
liefs, and priorities (Seely 2003: 19)."7 In line with this
view, Schumacher endorsed the development of interme-
diate technologies (IT), that is, technologies that would
be cheaper to produce than the more sophisticated and
capital-intensive modern industry technologies, but at
the same time more productive than existing domestic
technologies and well-suited to local conditions (Schu-
macher 1973: 131-132). It was based on the idea that by
having access to technologies shaped by their context,
developing countries could advance their development
more effectively (ibid. 1973: 139).

Schumacher’'s work laid the ground for the so-called
appropriate technology (AT) movement, which found
acceptance and support in both developed and devel-
oping countries (Seely 2003: 19). In general, the term
AT refers to technologies intended to be more suitable
for conditions in low-income countries in that they are
labour-intensive, low-scale, easy to run and repair, ori-
ented to produce goods for low-income consumers and
have negligible negative environmental impacts (Cherlet
2014: 13; Kaplinsky 2011: 195).



RE-INVENTION AND THE SHIFTING CAUSALITY OF
ADAPTATION

Although within different conceptual frameworks and to
varying extents, both Schumacher and the SM argue for
re-invention as a way to make technology not only ap-
propriate but also meaningful for developing countries.
Considering the perspectives proposed by both works,
re-invention can be interpreted in at least two ways. On
the one hand, an innovation can be adapted to the needs
and context of a given potential adopter. The focus of
the re-invention is on the innovation. On the other, the
conditions can be adapted to the needs of a particular
innovation, such as ensuring the availability of electric-
ity and internet access to guarantee its operation. In this
case, the focus is oriented on the conditions under which
an innovation is implemented.

In the context of the digital revolution, developing coun-
tries are often compelled to create suitable conditions for
the adoption of DTs (Benini 2016; Larsson et al. 2006;
Pueyo et al. 2012). Coincidentally, the SM considers it
necessary to carry out institutional changes, conduct pol-
icy reforms, and create the conditions for the application
of modern technologies (i.e. capital inputs, skilled tech-
nicians and workers) (Singer et al. 1970: para 17-19).
However, Schumacher (1973: 143) suggests that by do-
ing so, developing countries either fall or are pushed to
an adaptation process that ultimately destroys their pos-
sibilities of self-reliance and self-help.

Given the challenges brought by the digital revolution,
should developing countries favour the adoption of DTs
suitable for their conditions (adapt the technology), as
the AT movement proposed, or instead make the neces-
sary adjustments to create a favourable environment for
the application of DTs, (adapt themselves to the technol-
ogy) as the SM suggested?

Its critics consider the AT movement as a backward ap-
proach that is likely leading to stagnation (Lorentzen
1990: 205). Especially the professional elite from devel-
oping countries regarded AT as an attempt to condemn
their countries to a perpetual state of inefficiency and low
productivity (Eckaus 1955; Emmanuel/Furtado/Elsen-
hans 1982). The arguments commonly hinge on the as-
sumption that shaping technology according to the often
less competitive conditions of developing countries, and
not on the contrary, can lead to little or no investments in
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infrastructure. Hence, contributing to preserving the cur-
rent technological level of developing countries.

Instead, it is probably also problematic to adapt local
conditions to the infrastructure and skills required by
DTs, as it seems to be reminiscent of controversial ideas
about the catching-up process.'® All points considered,
neither of both approaches is flawless. Therefore, the
causality of adaptation cannot be fixed. In other words,
not only would developing countries have to adapt to the
new requirements of DTs, as is commonly implied in the
literature, but developing countries would also have to
adapt these technologies to meet their circumstances
and needs better.®

The above requires careful assessment and selection of
DTs and other technologies available that can be relevant
to meet the interests and objectives of individual coun-
tries, regions or communities. It should be emphasised
that the discussion and arguments put forward in both
SM and Schumacher’s work, although critical, are very
much focused on increasing productivity and efficiency.
As it turns out, when innovations are diffused, they carry
out an implicit purpose and intention.® Nevertheless, by
re-inventing — re-interpreting ideas, modifying artefacts
and adapting innovation practices — adopters can also
assign DTs a different meaning and purpose. The above
opens up new opportunities for developing countries to
build competitive advantages and to strengthen their
technological self-reliance (explained in further detail in
the following sub-section).

Development interventions and all initiatives aimed at
promoting the adoption of DTs should be accompanied
by a systematic increase in the re-inventing capabilities
of potential adopters. To this end, advancing local scien-
tific and technological capacity in developing countries,
as proposed by the SM nearly 50 years ago, remains es-
sential to support re-invention capabilities. Moreover, in
the context of the digital revolution, the latter can play a
central role countering the prevailing asymmetries in the
production and development of DTs.

ACCOUNTABILITY OF RE-INVENTION

The development of IT could be achieved by adapting tra-
ditional techniques and methods by using knowledge of
advanced techniques; by modifying the most advanced




technology to the existing circumstances or through
dedicated experimentation and research (Schumacher
1973: 138-139). Similarly, producing AT entails a pro-
cess of “adapting a technology in order to configure it
with an operational form or design that fits the new [...]
environment” (UNCTAD 2014: 39). In both cases, it is
not easy to determine who is responsible for performing
such adjustments or adaptations.

Schumacher problematises that the accountability could
lie with the developer of the technology or with the send-
er (in TT jargon). He questions the capacity of the latter
to accurately identify the needs and methods that will
allow the recipient to construct his development. As he
annotates: “As long as we think we know, when in fact
we do not, we shall continue to go to the poor and dem-
onstrate to them all the marvellous things they could do
[...]" (Schumacher 1973: 146). Moreover, the account-
ability for the adaptation is then with the sender, and the
recipient could also become dependent on the technolo-
gy provider for future adaptations, repairs and even main-
tenance.?' As Schumacher (1973: 145) summarises it:

“Supply [a man] with a fishing tackle; this will cost
you a good deal of money, and the result remains
doubtful; but even if fruitful, the man’s continuing live-
lihood will still be dependent upon you for replace-
ments. But teach him to make his own fishing tackle,
and you have helped him to become not only self-
supporting, but also self-reliant and independent.”

In line with the above, the SM deems it necessary that
developing countries not only acquire the ability to use
technology but also to re-invent, repair and maintain it.
This is particularly true when one considers that the de-
gree of complexity of many DTs may be unknown to a
large proportion of potential adopters. Furthermore, the
resulting adaptations and modifications could also serve
as a basis for the development of further innovations
(Singer et al. 1970: para 20). Notwithstanding, creative
efforts still tend to favour the developer’'s accountability
to provide the recipient with adequate technology.

A case in point is the living lab — user-centred, open-
innovation and multi-stakeholders laboratories — which
tend to emphasise the importance of the potential adopt-
er in the process of selecting, developing, testing and
evaluating technologies (Smit et al. 2011: 2-4). Perhaps
this approach can partly address the availability of better-
suited conditions, as the AT movement sought to do, but
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it does not lead to meaningful changes in the technologi-
cal capabilities of the adopter, as the SM advocates. By
making the potential adopter a co-participant in the pro-
cess, it is likely that the resulting technology will better
fit its context and requirements. Nevertheless, although
the potential adopter plays a more participatory role in
the process, its independence and technological self-
reliance are far from guaranteed.??

TOWARDS TECHNOLOGICAL SELF-
RELIANCE

1. The diffusion of DTs in developing countries should
be accompanied by proportional efforts to develop
and strengthen the capacity of potential adopters to
re-invent them.

Developing countries could also benefit from the
digital revolution as consumers and users (Ciuriak/
Ptashkina 2019: 3). However, by doing so, the glo-
bal concentration in the development and production
of DTs is unlikely to change significantly. Therefore,
besides promoting the use of DTs, developing coun-
tries should seek to develop the technical capacities
of potential adopters to re-interpret, adapt and mo-
dify them. A proportionate and systemic investment
in the re-invention capacities could facilitate a more
resilient, more sustainable and faster diffusion of DTs,
particularly among developing countries that do not
currently play a significant role in their development.

2. Developing countries should strike a balance bet-
ween developing the infrastructure and building the
skills among potential adopters to meet the requi-
rements of DTs (adaptation to technology) and re-
inventing DTs to meet their current conditions and
needs (adaptation of technology).

Both approaches have crucial implications. By at-
tempting to create a conducive environment for the
adoption of DTs, development countries can enter
into an endless catch-up process that may occa-
sionally result in them losing their opportunities of
self-reliance (Schumacher 1973: 143). Conversely,
shaping DTs and other technologies according to the
existing conditions of developing countries can lead
to little or no investments in infrastructure and help
to preserve their current technological level (Emma-
nuel/Furtado/Elsenhans 1982; Eckaus 1955). Thus,



the causality of adaptation should also shift continu-
ally based on the needs, goals and conditions of indi-
vidual countries, regions and communities.

. Developing countries should favour the adoption of
DTs that are easier to re-invent and avoid variations
of DTs that are either difficult to modify or only allow
changes in their secondary or non-essential compo-
nents.

To secure their competitive advantages or ensure
capital returns via rents, some developers and pro-
ducers of DTs would shape them in a way that is very
difficult to re-invent. This limitation could increase
the dependency of potential adopters on technolo-
gy providers for future adjustments and changes.
Contrarily, innovations that facilitate their re-invention
have greater potential to lead to both a faster adopti-
on rate and a higher probability that they will be used
over a more extended period (Rogers 1983: 208).
For instance, several currently available blockchain
platforms are open source.?® Access to the source
code makes it easier for potential adopters to re-in-
vent it, thus increasing their chances of self-reliance.

. Developing countries should strive to assign DTs
with different meanings, uses and purposes than
those to which they are initially assigned.

By re-inventing them, an adopter can also assign DTs
with a different meaning and purpose than those to
which they were initially given. The significance is
two-sided. On the one hand, enhancing the techni-
cal capacity to modify DTs to assign them with new
meanings and purposes can strengthen the techno-
logical self-reliance of developing countries. On the
other hand, assigning uses to which DTs have not
previously been thought of, especially within the spe-
cific context of developing countries, can help to de-
velop new competitive advantages. In combination,
they could form a counterweight to the global con-
centration dynamics.

. In building and strengthening re-invent capabilities,
developing countries should ensure that this ability
lies chiefly on potential adopters.

User-centred approaches, such as the so-called li-
ving labs, can play an essential role in reducing the
differences between the designer's perception and
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potential adopter's experience. However, they can
ensure neither the technological self-reliance of the
potential adopters nor the overall sustainability of a
particular project. It should therefore be ensured that
the responsibility for re-inventing DTs to adapt them
to the local context and to address existing problems
better lies mainly with the adopters and not with the
developers and producers of DTs.

6. Developing countries should play an increasingly ac-
tive role in the development of policies for standardi-
sation and regulation of DTs

There are forums where developing countries can
contribute to the global regime of digital policies.
While the road ahead for developing countries to
be at the edge of the technological frontier is still di-
stant, in the short-term developing countries could
considerably improve the extent to which they benefit
from the dividends of the digital revolution.

CONCLUSIONS

Miihleisen (2018: 6) notes that “many benefits come not
simply from adopting the technology, but from adapting
to the technology”. Some challenges posed by the digital
revolution seem to require developing countries to adapt
to DTs, for example, by meeting their new infrastructure
and skills requirements. Without neglecting that, as Miih-
leisen suggests, some degree of adaptation to DTs may
be needed, this paper argues for re-invention, as a way
to shift the causality of adaptation.

Re-invention, as a capability of potential adopters, is es-
sential for transforming and assigning DTs with different
purposes to better fit to the contexts and needs of devel-
oping countries. However, potential adopters should be
accountable for re-inventing if their self-reliance is to be
assured. Moreover, re-invention should not be incidental
but actively promoted and systematically strengthened.
Considering the high concentration in the production
and development of DTs, enhancing the scientific and
technological capabilities of developing countries should
remain as the utmost priority.
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