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STIMULATING ECONOMIC GROWTH THROUGH
KNOWLEDGE-BASED INVESTMENT

Charles R. Hulten1
ABSTRACT
The protracted recovery from the great recession and financial crisis has led to a renewed emphasis on
policies designed to encourage economic growth. The range of possible pro-growth measures has increased
in recent years with the emergence of the literature on “knowledge-based capital (KBC),” a metric that
expands the concept of innovation beyond R&D to include the full range of activities needed to implement
or commercialise new ideas. Recent studies have shown that KBC is an important source of economic
growth in many of the world’s advanced economies (much more so than R&D alone) and is positively
correlated with real GDP per capita in a cross-section of these economies. This literature is still in its
infancy and there is, as yet, no systematic discussion of KBC policy. This paper makes an attempt to fill
this gap.
The KBC approach to growth policy involves a sharper focus on the constraints on growth as
perceived by private business. It also involves the recognition that business innovation is more than just
good ideas; it is also about good organisations that are able to execute and translate these ideas into new
products, processes, and markets. A range of KBC policy options is discussed in this regard, including
marketing and product design, worker training and human capital development, and investment in
management systems. They offer new dimensions for promoting the growth of the firm. Other policies
include the loosening of regulatory constraints on the firm’s business model and providing a more
supportive tax and macroeconomic environment.
The effects of KBC policy are not unambiguously positive. A successful pro-growth KBC policy may
have a negative effect on domestic employment even if it succeeds in raising the growth rate of real GDP.
This possibility is examined and its implications for employment and the maintenance of living standards
discussed.
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This paper has been prepared for the Working Paper series of the Science, Technology and Industry
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STIMULER LA CROISSANCE ÉCONOMIQUE
PAR L’INVESTISSEMENT INTELLECTUEL

Charles R. Hulten2
RÉSUMÉ
La difficulté des économies à se relever de la Grande récession et de la crise financière a suscité un
regain d’intérêt pour les politiques destinées à doper la croissance économique. Ces dernières années, les
solutions envisagées se multiplient dans le sillage des travaux sur le « capital intellectuel » qui portent
l’innovation au-delà de la R-D pour y englober l’ensemble des activités indispensables à l’exécution ou à
la commercialisation des nouvelles idées. Des études récentes révèlent que le capital intellectuel constitue
une source importante de croissance économique (bien plus que la R-D) dans de nombreuses économies
avancées du monde et qu’en général il y affiche une corrélation positive avec le PIB réel par habitant. Les
travaux dans ce domaine n’en étant qu’à leurs débuts, l’action à mener à l’égard du capital intellectuel ne
fait pas encore l’objet d’une réflexion systématique. La présente étude tâche d’y remédier.
Mener une politique de croissance sous l’angle du capital intellectuel suppose de mettre davantage
l’accent sur les obstacles à la croissance tels qu’ils sont perçus par les entreprises du secteur privé. Cela
implique aussi de reconnaître que, pour les entreprises, innover ne se résume pas à avoir de bonnes idées,
mais qu’il s’agit également d’adopter un mode d’organisation judicieux qui permette de concrétiser ces
idées en nouveaux produits, procédés et marchés. Les solutions examinées ici concernent la conception et
le marketing, la formation professionnelle et la mise en valeur du capital humain, ainsi que
l’investissement dans les systèmes de gestion. Dans tous ces domaines, le capital intellectuel confère de
nouvelles perspectives de croissance aux entreprises. D’autres mesures étudiées consistent à assouplir les
contraintes réglementaires qui pèsent sur le modèle d’activité des entreprises et à instaurer des conditions
fiscales et macroéconomiques qui leur soient plus favorables.
Une politique en faveur du capital intellectuel n’aura pas nécessairement des répercussions clairement
positives. Même en faisant croître le PIB réel, elle pourrait nuire à l’emploi local. Cette éventualité est
étudiée et ses conséquences pour l’emploi et le maintien des niveaux de vie analysées.
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La présente étude est destinée à être publiée sous couvert d’un document de travail de la Direction de la
science, de la technologie et de l’industrie de l’OCDE. Je remercie Jonathan Haskel, Paul Schreyer, Bart
van Art, Janet Hao, Nancy Humphrey et Kathy Herald-Marlowe des commentaires qu’ils ont formulés au
sujet des versions préliminaires. Les opinions, interprétations et recommandations énoncées n’engagent
que leur auteur et ne reflètent celles d’aucune organisation à laquelle il est associé.

4

DSTI/DOC(2013)2
1. Introduction
The economic downturn that started in 2007 is now in its sixth year. Unlike the cyclical slowdowns of
the past 60 years, recovery remains elusive, with ongoing growth and fiscal problems in the euro zone, the
United States, and emerging markets. Moreover, the slowdown seems increasingly resistant to traditional
counter-cyclical fiscal and monetary stimulus. The protracted nature of the “great recession” and its
aftermath has led to a renewed emphasis on measures designed to encourage long-run growth by
addressing deeper structural issues.1
Growth policy has traditionally been formulated in terms of increased employment, investment in
plant and equipment, and advances in technology. A range of policy instruments have been employed in
the areas of taxation, infrastructure, regulatory policy, and targeted government expenditure. The range of
possibilities has been expanded in recent years by the emerging literature on “knowledge-based capital”
(KBC), alternatively called “intangible capital”.2 This literature expands the discourse from a narrow focus
on capital and technology as separate and independent drivers of growth to a synthesis that combines the
two. It also expands the concept of innovation based on technological change and invention alone to
include the full range of activities needed to implement or commercialise new ideas. This broader KBC
measure of innovation includes the conventional concept of R&D, traditionally seen as an important source
of invention, but adds investments in product design and marketing, customer support, worker training, and
organisational development, all of which play a role in the innovation process.
Recent studies have shown that KBC is an important source of economic growth in many of the
world’s advanced economies, and is significantly more important than investment in R&D alone. KBC is
also positively correlated with real GDP per capita in a cross-section of these advanced economies.
Investment in this broad list of knowledge capital has grown to rival investment in tangible fixed capital in
US nonfarm businesses and has exceeded it in recent years. The surge in KBC investment spending in
recent decades reflects, in large part, the structural transformation of world markets brought about by the
revolution in information and other technologies. This evidence suggests that policies designed to stimulate
investment in this type of capital have the potential to increase the rate of economic growth. However, this
literature is still in its infancy, and there is, as yet, no systematic discussion of KBC policy. This paper
attempts to fill this gap.
One of the main conclusions is that many, if not most, of the traditional policy prescriptions designed
to promote growth are also important in the KBC view of growth policy. However, the KBC approach
involves a sharper focus on the constraints on growth as perceived by private business. It also involves the
recognition that business innovation is more than just good ideas, it is also about good organisations that
are able to execute and translate these ideas into new products, processes, and markets. KBC forms a
platform that defines a company and its capabilities, and provides the infrastructure for launching its
operational and strategic decisions about hiring, investment in plant and equipment, and product and
process innovation. What this means for policy has been articulated by Richard Fisher (2012), President of
the Federal Reserve Bank of Dallas, who observed that “you cannot create jobs unless those who have the
capacity to hire people—private sector employers—go out and hire.” Fisher’s remark also applies to
decisions about KBC investment, perhaps with even greater force, because of its existential importance to
the firm.
One advantage of a KBC policy over a narrower focus on science and technology policy is that the
non-R&D components of KBC provide additional opportunities for promoting innovation. These
non-R&D components include marketing and product design, worker training and human capital
development, and investment in management systems. They offer new dimensions for complementary
policies aimed at promoting the growth of the firm.
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The effects of KBC policy are not unambiguously positive, however. Loosening regulatory
constraints on the firm’s business model and providing a more supportive tax environment may conflict
with social policy objectives. Moreover, a successful pro-growth KBC policy may have a negative effect
on domestic employment even if it succeeds in raising the growth rate of real GDP. This is the
Brynjolfsson-McAfee “Race Against the Machine” problem. These possibilities should be recognised
when evaluating or designing a pro-growth KBC policy, a theme developed more fully in what follows.
2. Knowledge-based capital and its impact on economic growth
Interest in the concept of KBC dates at least to the 1960s and 1970s, and microeconomic discussions
of antitrust and tax policy and the associated problem of measuring firm-level rates of return accurately
(Clarkson, 1977, 1996).3 The focus on R&D spending as the source of innovation was broadened, at this
time, to include advertising. The main result was that profit rates were overstated when R&D and
advertising capital were omitted from the calculation, as in conventional financial accounting practice, and
therefore could not be used as a reliable guide to antitrust policy. However, this strand of analysis did not
gain traction in the macroeconomic literature on economic growth.
The macroeconomic focus on KBC dates from the late 1990s and early 2000s, with the work of
OECD (1998), Nakamura (2001), and Corrado, et al., (2005, 2009). The rapid growth in information and
communication equipment in the mid-1990s focused attention on the complementary investments needed
to exploit the possibilities of the new information technology. A key challenge was to develop an
appropriate list of knowledge co-investments and find data on which estimates could be based. This was
not an easy task given that KBC was not an established accounting concept at either the firm or national
level, nor was it anchored in the traditional theory of the firm, where the organisational structure of the
firm is largely a black box. The new KBC approach emerged as an attempt to open up this black box and
unpack the processes through which the firm actually operates and which define the firm and determine its
capabilities.
The classification of intangible capital proposed by Corrado et al. has emerged as the basis for the
subsequent literature on KBC. The items in this classification are shown in Table 1, along with estimates
for the US nonfarm business sector in 2006. This classification system divides KBC into three general
categories: computerised information, innovative property, and economic competencies. These categories
span the main functions performed by KBC: information management, product and process innovation,
and the enhancement of a firm’s organisational capabilities. They support the main platforms from which
operational “applications” are launched.
There is considerable diversity within the three categories. Innovative property includes far more than
the conventional National Science Foundation (NSF) type of R&D, with its orientation to science and
technology. This form of R&D is only a fraction of the innovative property subtotal, and an even smaller
fraction of total intangible investment. Other important forms of R&D include investments in artistic
originals (books, movies, and music), development of new financial products, and architectural and
engineering designs. The economic competencies category is divided into brand equity (advertising,
marketing, customer support), firm-specific human capital (worker training), and organisational structure, a
rather amorphous grouping that includes investments in management and human resource systems,
strategic planning, and management consulting.4
A key feature of these KBC categories is that they are largely produced within the firm itself (that is,
produced on “own account”), and, as noted, do not yet appear in the conventional measure of GDP
(software is an exception). Table 1 estimates suggest that the omission of most of the other types of KBC
understates US GDP by more than 10%.
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Table 1. Components of the United Stattes intangible investment rate in the nonfarm busines
ss sector 2006
Rates as
a per cent of expanded NFB output
on
1. Computerized Informatio
2. Innovative property
a) conventional R&D (NS
SF/BEA)
b) other R&D
c) mineral exploration
3. Econ. Competencies
a) Brand equity
b) Firm-specific Human Capital
C
c) Organizational structu
ure
Total Intangible Investmentt
“Core” Investment ex softw
ware & design
Memo: Tangible rate of Inv
vestment

1.61
5.31
2.13
2.16
1.02
6.58
1.75
1.37
3.35
13.49
10.35
9.71

Source: Unpublished data from Corrado and Hulten (2010)

Estimates of KBC that follow the classification of Table 1 have been made for a numb
mber of countries.
A look at some of the results shown in Figures 1 to 7 reveals that KBC is an important, dynnamic element in
n. Figure 1 shows the evolution of intangible invesstment in the US
economic growth and company valuation
nonfarm business sector, reported as a share of sectoral output expanded to include intanggible investment.
The corresponding time path of fixed (ttangible) investment is also shown. The intangiblee investment rate
rose steadily over the period 1977-2010,, starting from just over 8% and reaching to just unnder 14% by the
end of the period. The tangible investmeent rate shows a secular decline. These patterns aree consistent with
the transition to a more knowledge-based
d economy.
Figure 1. Trends in intangib
ble and tangible investment in US business, 1977-201
10
Unpublishe
ed data from Corrado and Hulten (2012)

Note: Figures for recent years are preliminary estim
mates
Source: Update for this paper using methods orriginally set out in Corrado, Hulten, and Sichel (2005) modifie
ed to include BEA’s
estimates of performer R&D and estimates of ente
ertainment and artistic originals, and a new method for estimatin
ng investment in new
financial products in Corrado, Haskel, Jona-Lasinio
o, and Iommi (2012).
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Figure 2 presents a breakdown of the time profile of the KBC investment rate shown in the preceding
figure. It is apparent that the share of conventional (NSF/Bureau of Economic Analysis [BEA]) R&D has
been relatively constant since the mid-1980s at around 2% and has not, therefore, contributed to the
significant increase in the overall KBC rate. An exclusive focus on conventional R&D when studying
economic growth is therefore not warranted.
Figure 2. Trends in the composition of intangible capital, US business, 1977-2007
16%
14%

R ate of Investm ent

12%
10%
8%
6%
4%
2%
0%
Years 1975 to 2007
ADD SOFTWARE
ADD BARAND EQUITY
NSF/BEA R&D

ADD ORG. CAP.
ADD OTHER R&D

Source: Unpublished data from Corrado and Hulten (2010)

Whereas Figures 1 and 2 portray the growing scale of intangible investment, Figure 3 reveals the
impact of the corresponding KBC stock on the growth of output per worker in the US business sector. This
“sources of growth” analysis indicates that the increase in KBC, weighted by its share of total income,
accounted for more than a quarter of the growth in output per worker over the period 1995-2007, and was
by far the largest systematic source of growth.5 It was exceeded only by multifactor productivity, which is
sometimes associated with technology change, but is in fact a black box because it is measured as a
residual (though it almost certainly contains knowledge spillovers from the KBC stock).6
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Figure 3. Intangible and ITC cap
pital drove the 2.76% growth in output per worker 199
95-2007

Source: Data from Corrado and Hulten, AER, May
y 2010.

These three figures portray a Uniteed States economy that has experienced a high raate of innovation
over the last two decades, propelled by investments
i
in knowledge capital. Similar results w
were found when
the framework of Table 1 was applied to
t other countries. Figure 4 plots World Bank estiimates of output
per capita, adjusted for purchasing power parity, against the rate of investment in “core” KBC. The core
measure of KBC used in this figure differs from that in Table 1 in that it excludees software and
architectural and engineering designs frrom the total. This adjustment controls for the reaal estate bubbles
that occurred in several countries in thee last decade and for the fact that software invesstment is tied to
investment in information technology (IT)
(
equipment and might arguably be better classsified with that
equipment in any event. This core measu
ure of intangible capital shows a strong correlationn with output per
capita across countries. The correlation holds
h
up even when countries with much lower ouutput per capita –
7
three of the four BRICs – are included in the comparison.
A policy of promoting a higher ratte of core intangible investment would thus seem to be consistent
with the goal of attaining a higher level of
o output per worker and, therefore, a higher livingg standard. But a
cautionary note is in order. Each of the countries
c
shown in Figure 4 is on its own unique ggrowth path, and
increasing the core rate of intangible inv
vestment in (say) China does not, by itself, necessaarily mean that it
will attain the living standards of the mo
ore developed countries. Many other factors not shoown in the figure
are also at work. Still, the evidence points
p
to the general importance of KBC capital as a source of
economic growth.
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CORE INTANGIBLE
INVESTMENT (% GDP)

Figure 4. GDP per capita positively associated with “core” business investment in inn
novation
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0.1
JPN

0.08

FRA

0.06
C
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0.02

UK
GER

IND
D

0
0
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2
2006
GDP PER CAPITA (PPP) -- WDI

Sources: The sources for the seven countries on th
he right-hand side of the figure are described in van Ark et. al. ((2009). The estimate
for China is from Hulten and Hao, 2012; the India
an estimate is from Hulten, Hao and Jaeger (2012); and the Brrazil estimate is from
Mark Dutz of the World Bank. Results are prelimina
ary and should not be quoted or reproduced without the permisssion of the authors.

The sources-of-growth data for a subset
s
of countries are shown in Figure 5. Averagee annual growth
rates of output per person for 2000-20
006 are shown above the stacked bars, and the bars themselves
indicate the relative contributions of KBC
C, tangible capital, and total factor productivity. Taangible capital is
a significantly more important source of
o growth than KBC in the manufacturing-orienteed economies of
Germany, Japan, and China, compared to the United States, France, and the United Kinggdom. Together,
these estimates suggest diversity in thee structure and growth strategies of these countriies, but KBC is
nevertheless an important driver of grow
wth in all.
Figure 5. Relative contribution to th
he growth of output per person in selected Countries 2000-2006
Growth rates above bars

Note: Japan coverage is 2000-2005. Alternative estimates for China assign 28% to TFP, 56% to tangible ccapital, and 16% to
intangibles.
Sources See Hulten and Hao (2012)
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c
valuation. Figure 6 shows that when KBC
C is added to the
KBC is also an important factor in company
balance sheets of a sample of R&D-orien
nted US corporations in 2006, the combined valuee of conventional
balance sheet equity plus the additionall KBC accounts for 86% of the market capitalisattion of the firms
(Hulten and Hao, 2008). Conventional equity
e
alone accounts for only 42%. Thus, KBC iss the single most
important source of shareholder value fo
or these companies. Moreover, the conventionally m
measured rate of
return was 21% compared to 14% when
n the value of KBC is added to the balance sheets of the firms, a
finding relevant to regulatory analysis.
Figure 6. Intangibles: most valuab
ble productive assets in 2006 for 613 US firms reportting R&D

*P&E and equity revalued to current prices; goodw
will includes accounting intangibles
Source: Data from Hulten and Hao 2008, “What’s a Company Really Worth?” NBER Working Paper 14548, 2008.

The importance of intangible capitaal for market capitalisation is also evident in Figuree 7, which shows
a positive correlation between the mark
ket value of firms and the rate of intangible investm
ment in a crosssection of countries in 2006. These data suggest that not only is KBC an important factor in the growth of
firms, it is also important for their valuattion.
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Figure 7. Stock market capitalisation positively associated with rate of intangible investment
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Sources: The data source of market capitalization in Eurostat. The data source of US intangible. Investment is Corrado and Hulten
(2010); UK is Marrano, Haskel and Wallis (2009); Japan is Fukao et al. (2009); China is Hulten and Hao (2012); other countries are
van Ark, Hao, Corrado and Hulten (2009).

3. KBC and the firm’s business model
The macroeconomic correlations between investment in intangible capital and economic outcomes
suggest that encouraging this form of investment should be part of an overall growth strategy. Evidence
from the managers of individual firms supports this conclusion, and further suggests that the design of this
policy should address the priorities and concerns of the decision makers within the firm. It is these agents
that determine the level and composition of investment in firm-specific KBC, and a successful attempt to
increase this investment depends in large part on how effective policy is in promoting the firm’s overall
objectives.
What are the priorities and challenges that companies face when making their investment decisions?
One way to answer this question is to ask chief executive officers and other business leaders about the
challenges and problems their companies face. The Conference Board's CEO Challenge 2012 is one such
survey. It reports the responses of 776 CEOs about the most critical problem areas for their companies in
the coming year. The sample includes CEOs from Europe, Asia, and the United States, distributed across
different industries and companies of different sizes. Responses differed across these dimensions, but
overall, the following four challenges were identified as the top priority areas: innovation, human capital,
global political/economic risk, and government regulation. The other six priorities were global expansion,
cost optimisation, customer relationships, sustainability, corporate brand and reputation, and investor
relations.8
The first two items on the 2012 list, innovation and human capital, are direct challenges for the
management and operation of individual firms and are potentially under their control. Meeting many
aspects of these challenges involves investments in KBC. The challenges associated with global risk and
government regulation are of a different character. They emanate from outside the firm, and the strategies
identified by CEOs for dealing with them are essentially indirect and reactive. They are nonetheless an
important factor constraining growth, as the recent study of uncertainty by Baker et al. (2012) suggests.
Among US CEOs, they are the two most important challenges.
12
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The IBM 2010 Global CEO Study, a survey of more than 1 500 chief executive officers from
60 countries and 33 industries, also identifies innovation as a fundamental challenge for their companies.
Corporate decision makers see themselves as operating in a world of rapidly changing political, economic,
and technological dimensions. They perceive a need for their companies to react rapidly and effectively,
and believe that this requires fostering organisational creativity aimed at finding better ways to execute the
business model and encouraging creative innovation in business models. Technology-based solutions are
part of the creative response, particularly the need to use technology to manage complexity and to get
closer to customers. The rapid change and restructuring envisioned by the respondents to the IBM survey
will almost certainly involve complementary KBC investments in innovative property and economic
competency and a potential role for pro-growth policy.
The uncertainty of government policy and the need for flexibility voiced by the CEOs in these surveys
is echoed in the previously noted remarks by Richard Fisher who, in his role as President of the Dallas Fed,
also surveys the views of business leaders. He cites as corroboration two other surveys, one by the National
Federation of Independent Business (NFIB) and the other by the Fuqua School of Business at Duke
University in the September 2012 issue of the Global Business Outlook Survey of chief financial officers.
Both surveys cite government policies and the economic environment as among their chief concerns.
Fisher also notes that the CFOs in the Duke survey indicated that lowering interest rates would not have
much influence on their investment decisions.
A deeper understanding of the priorities and constraints perceived by business leaders is helpful in
identifying the micro channels through which successful growth policy can operate effectively. It is, after
all, the decisions of these leaders that determine whether (and where) growth takes place. The surveys
reveal that many of these challenges involve areas in which KBC is important, suggesting that this kind of
investment is a channel for encouraging innovation and growth.
4. KBC as a pro-growth policy: The short run
The available evidence thus suggests that increased investment in KBC has been an important
contributor to past economic growth, encouraging the idea that future investment will have a similar effect.
However, past performance is not a guarantee of success, and the question of exactly what a KBC-based
growth policy can achieve depends, in part, on the diagnosis of the current growth malaise. This diagnosis
involves a complicated mixture of short- and long-term problems.
The short-run cause of the Great Recession is generally attributed to the bursting of the US housing
bubble in 2006. The period that followed saw the collapse of the subprime mortgage market and growing
trouble in the housing finance and investment banking industry, culminating in the collapse of Lehman
Brothers in mid-September 2008. A financial panic ensued in which liquidity dried up and transmitted the
housing market shock to the whole US economy and beyond. The US recession that started in late 2007
officially ended in June 2009, but the structural damage to the financial and housing sectors lingers in both
the United States and in Europe.
The deeper causes of the financial crisis are complex and still under debate. However, a dramatic
increase in the total debt-to-GDP ratio in the world’s advanced economies over the preceding two decades
is surely one of the culprits. A study by the McKinsey Global Institute (Roxburgh et al., 2012) found that
the total national debt (public and private) of many of the largest economies in Europe and Asia, plus the
United States, rose from 125-225% of GDP in the early 1990s to 275-350% in 2008 (except Japan and the
United Kingdom, whose debt-to-GDP ratio was greater than 450% in 2008). The period 2000-08 saw an
average increase in the ratio of 81 percentage points. Housing was by no means the only area to become
over-leveraged but became the epicenter of the bubble crisis. Over-leveraging in other sectors is a lingering
problem that creates headwinds against the resumption of strong economic growth.
13
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Over-leverage was not the only source of the financial crisis. Other important contributions were
made by lax regulation, the development of complex and non-transparent financial instruments that
encouraged risk taking, and use of short-term debt to finance the higher degree of leverage. The
interaction of these sources led to an outcome that was more than the sum of its parts.
However, one culprit that should not be blamed is inadequate investment in KBC. A look again at
Figure 1 indicates a rising trend in the US KBC investment rate since the early 1990s, with a slight dip in
the early 2000s and a small decline following the post-2007 crisis period.9 If anything, the opposite is true:
rapid innovation in financial instruments contributed to the crisis. The expectation was that these
instruments would help diversify and hedge risk, and the problem resided not in the technology per se but
in the ways in which it was used (though, in this regard, one could lay the blame on KBC). Indeed,
innovation in financial products is an example of the interaction of financial engineering, marketing, and
client customisation, all part of the broader concept of KBC.
If KBC was part of the problem, might it also be part of the solution? Because KBC is fundamentally
about own-account investment in the long-run capabilities of the firm, it is not a natural candidate for a
counter-cyclical policy. First of all, KBC is not a direct input into production, so changes in its level do not
stimulate the growth of current output and the employment of production workers. Moreover, the fact that
KBC is part of the firm’s organisational platform and is programmatic in nature limits the opportunity for
stop-go investment, though less promising programmes may be easier to cut during recessions because of
financing and personnel considerations, and new programs easier to start during recoveries. These factors
help explain the pattern shown in Figure 1.
KBC may nevertheless have a short-run effect in the current macroeconomic environment, even if its
main impact is on long-run growth. To the extent that the current stagnation reflects the mutually
reinforcing pessimistic expectations of consumers and businesses, a credible start to a policy of stimulating
long-run growth may have an igniting effect in advance of its expected long-run impact. While much more
than KBC is involved in “unanchoring” expectations and reducing uncertainty, it is one possible point of
departure because decisions about new hiring and fixed-capital investment may, in many cases, have to
await strategic changes in the business model about the direction and extent of future expansion.
5. KBC and long-run growth
What can be expected of a KBC policy in the long run? Most theoretical and empirical studies of the
sources of long-run economic growth accord a central place to technological change, and more recently, to
investment in innovation. But, can these past returns be replicated in the years following a recovery from
the current crisis? This question has been the subject of active debate, with technology optimists
forecasting an even greater future role for the IT revolution, and technology pessimists doubting the ability
of technology and innovation to deliver future results that parallel the past. An intermediate position holds
that advances in technology are themselves part of the problem, because the Brynjolfsson and McAfee
“race against the machine” does not end well for workers.10
The pessimistic case has three parts: the supply of technological opportunities is playing out, making
future invention successively harder; the current information revolution has not had as large an impact as
the first two industrial revolutions, so it is a mistake to extrapolate from them; and, though they are not
directly related to the “supply” of technology, structural and political headwinds will hold the rate of future
growth below its long-run potential (Gordon, 2012). The first element is particularly troubling because it
undermines what has historically been the most important source of long-run growth, and, if taken to its
logical extreme, would also require increasing investments in KBC to sustain a given rate of innovation.
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Optimists counter that we have yet to realise the full effects of the IT revolution, and point to ecommerce and big data, the evolution of automated “workerless” factories and driverless cars, individual
customisation of manufacturing products, and GPS-based transportation management, as signs that the
current round of innovation is not yet over. Artificial intelligence (AI) does seem to offer a vast new
frontier, and it is also important to recognise that not all technical change is about IT – the genomics
revolution, for example, may offer an even vaster frontier for humanity.
Brian Arthur (2011) has put forward one vision of this technological future in what he calls The
Second Economy. This is an emerging economy built on the application of intangible information
technology, in which both inputs and outputs are increasingly (but not exclusively) intangible. This
economy is both transformational and evolutionary, and not just about a profusion of new processes and
products; it is also about the processes of innovation. The extent of the transformation to date is evident in
the rapid growth of KBC investment shown in Figure 1, and future KBC investment can be expected to
play an important role in the emergence of this Second Economy.
Even if the optimists are essentially correct about the future of technological invention, there is the
race-against-the-machine problem, described by Brynjolfsson and McAfee (2011), in which middle-class
workers in high-wage countries fail to realise the benefits of innovation.11 One feature of the new
information-based technologies is that they are increasingly able to perform routine tasks previously
performed by workers. When machines replace routine labour, the same amount of output can generally be
obtained using fewer, but usually more skilled, workers. This substitution effect is the essence of skillbiased technical change. However, the existence of skill bias does not mean that total employment
necessarily falls. Technical change can also lead to gains in productive (and cost) efficiency that result in
an increase in output (which increases the demand for labour). This output-expansion effect on
employment can more than offset the substitution effect that reduces the amount of labour needed to
produce each unit of output. The race against the machine is a race between these two effects.
In the United States, the output effect on overall employment has dominated this calculation in the
decades since Keynes voiced his warning about technological unemployment: constant price GDP
increased 6.6-fold from 1950 to the start of the financial crisis, while the labour force participation rate
climbed from its 1950 level of 58.9% to 66.4% at the beginning of 2007. However, this rate stagnated from
1990 to 2007 (during which real GDP increased by two-thirds), and has declined from its 2007 level to
63.5% in 2012. This pattern has been taken as evidence that the United States may be facing a fundamental
change in the relation between technology and employment. The question is whether the worst of the
recent impacts on employment and wages are mainly the result of the deep and prolonged recession, as
some observers argue, or whether it is a harbinger of longer-run structural changes in the world economy.
The alternatives may not be easy to sort out.12 Companies sometimes find it easier to lay off workers and
restructure during times of recession to minimise opposition to their moves. What may now seem to be a
short-term employment issue may turn out to be a longer-run “jobless recovery” problem.13
Other evidence besides labour-force participation rates supports the view that fundamental changes
have indeed occurred in the labour market as a result of the information revolution. Autor et al. (2003)
report a shift in demand toward non-routine conceptual skills consistent with the increasing ability of
machines to accomplish routine tasks. Autor et al. (2012) examine what they term the “polarisation” of the
labour market in the United States, and conclude that “occupational employment growth shifted from
monotonically increasing wages (education) in the 1980s to a pattern of more rapid growth in jobs at the
top and bottom relative to the middle of the wage (education) distribution in the 1990s,” and that this shift
was associated with the hollowing out of the income distribution. Abel and Deitz (2012) echo this finding.
They divide the workforce into four skill groups (high, medium-high, medium-low, and low) and show that
the growth of employment and real median wages between 1980 and 2010 occurred in the highest and
lowest groups.14
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Skill-biased technical change is not the only source of labour-market polarisation. The information
revolution has also contributed to the globalization of the world economy, and thus to the consequent
competition from low-wage economies that has put pressure on the domestic labour markets of highincome countries.15 A study by Haskel et al. (2012) reviews the evidence regarding the link between
globalisation and wages in the United States. While they note that more research is needed, they conclude
that “the connections between globalisation, technology, and wages have become much more important
during the last 10-15 years” (page 120). Moreover, the OECD’s 2011 study, Divided We Stand, makes the
case that globalisation and skill-biased technical change are not the only factors at work, though they are
important. Policies that increase competition in domestic markets and a relaxation of employment
protection legislation have also played an important role.
This analysis paints a rather bleak picture of the future, at least for middle-class workers. There are,
however, reasons to be hopeful. An emerging literature argues that the very skill-biased technological change
that has been seen as a source of labour-market polarisation in high-wage countries is now beginning to
16
reverse the effects of globalisation. In this “reshoring” scenario, the substitution effect that reduces the
amount of labour needed to produce a unit of output also reduces unit labour costs. This, in turn, reduces the
competitive advantage of low-wage countries and makes other factors more important, such as a larger pool
of high-skill workers, the synergism of information networks, and lower energy costs. The hope is that
reshoring will strengthen the output effect of innovation relative to the substitution effect and mitigate the
adverse effects of skill bias on employment. Recent moves by the General Electric Company to reshore some
of its manufacturing activity to the United States is a frequently mentioned example.
The case for optimism is also bolstered by the lessons of history. In the past, technology has proven
adaptable to current possibilities and may evolve in ways that minimise or reverse any skill bias.
Technology may adapt to lower levels of worker skills rather than the other way around. The potential for
user-friendly adaptation is all the greater because of the inherent flexibility of information-based
technology. Moreover, Greenwood (1997) argues that the skill premium tends to diminish over time
because it is a temporary learning effect that favors more educated workers following the arrival of a new
technology. This premium is subsequently reduced or erased as the technology matures and learning takes
place and as younger workers have an incentive to acquire the necessary skills.
Sorting out the various technological futures is a daunting challenge, given the complexity of the
problem and the opaqueness of the economist’s crystal ball.17 Both the optimistic and pessimistic scenarios
may be highly case dependent, applying to some industries and technologies, and some times and places,
but not to others. This ambiguity and heterogeneity suggests that growth policy needs to be similarly
nuanced and to look for ways to get the most from innovation, both where opportunities seem to be
slowing and where they are growing (though the appropriate policies may differ). Where technological
unemployment is a problem, growth policy should look for ways to mitigate the adverse effects, and not
lose sight of the fact that technological change has been the primary driver of rising living standards for
more than two centuries (more on this later). One virtue of adopting the KBC perspective discussed below
is that it is more flexible and operates in more policy dimensions than policies based on science and
technology alone. It is thus better able to support or accommodate the economic transformations of an
increasingly knowledge-driven technological world.
6. KBC policies: A general view
There is no shortage of pro-growth policies in the areas of science and technology and education.
They include favorable tax treatment of R&D, increased funding for public research and science education,
securing intellectual property rights, and information networks and exchanges. Improving the general level
of education to prepare people for the requirements and opportunities of a knowledge-based economy is
also a mainstay of the innovation policy debate. Many of the policy options discussed apply to KBC. What,
then, does KBC bring to the table?
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It brings a broader policy perspective to innovation policy. It refocuses the debate beyond science and
technology as the basis for innovation and offers a broader range of policy options for stimulating growth.
It also shifts the perspective from the “supply” of options as seen by policy makers to the “demand” for
these options by the business managers responsible for implementation. Some general aspects of this shift
in perspective are discussed in this section. Specific policies are considered in the section that follows.
6.1 KBC offers more policy options
The information revolution has laid the groundwork for the development of technologically superior
products and processes. However, while technology has provided opportunities for innovation, a basic
premise of the KBC approach is that a broader range of investments is needed to enable the development
of commercially viable products and processes. Policies designed to encourage innovation should therefore
go beyond R&D and other science and technology policies alone and target innovation per se and the full
range of its determining factors.
This point is particularly important for the kind of economic growth that is needed for advanced
economies to maintain their standards of living. Research has shown that product design and marketing are
responsible for much of the value added of high technology over the product development cycle. Linden
et al. (2009) report that only about a third of the jobs associated with the Apple iPod and its components
were inside the United States, but they received 70% of the compensation. A similar situation prevails for
the iPhone. Xing and Detert (2010) find that the wholesale cost of a phone shipped from China in 2009
was USD 179 (China’s value added is only 3.6%), while the retail price was some USD 321. And, as
Mandel (2006) puts it: “Where the gizmo [iPod] is made is immaterial to its popularity. It is great design,
technical innovation, and savvy marketing that have helped Apple Computer sell more than 40 million
iPods.”
Encouraging innovation through intangible investment requires paying more attention to marketing
and customer relations. Marketing and product design are often confused with advertising and seen as
transient or as a zero-sum game against competitors. This is not the view of Nerlove and Arrow (1962) in
their analysis of optimal advertising, nor that of Steve Jobs whose insights about technology, product
design, and marketing propelled Apple Computer to the top rank of technology companies.
IBM’s Emerging Business Opportunity (EBO) management system is of particular interest from a
KBC policy standpoint. As described by Garvin and Levesque (2006), the EBO system was designed to
exploit the company’s technological possibilities by targeting new market opportunities and encouraging
interaction with potential customers. The problem was that innovation does not necessarily occur
automatically when a technological opportunity arises. Indeed, a firm’s culture and organisation may slow,
or even work against, emerging opportunities.18 Moreover, innovation involves feedback loops with
product design and marketing. Garvin and Levesque also report that the EBO programme at IBM
encouraged interaction between potential customers and analysts in the product development and design
process (“design-in”). One implication of this feedback loop is that marketing and customer relations are
important aspects of the innovation process and that any investment involved should be counted as part of
KBC.
IBM’s EBO management system is also an example of the need to treat innovation as a complex
organisational process with multiple dimensions. Lev (2001) points to the link between organisational
capital, technology, and the development of a firm’s business model. An appreciation of the quantitative
importance of non-technological dimensions can be gained from the work of Brynjolfsson et al. (2002),
who cite an example in which hardware and software costs were less than 20% of the total cost of an IT
project, with much of the rest going toward the design of organisational processes and staff training.
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A successful growth policy aimed at promoting innovation at the firm level thus needs to recognise
the constraints and opportunities of non-technological dimensions and look for ways to weaken these
constraints, while encouraging wider application of organisational programmes like the EBO system.
Another implication is that if metrics and targets are to be used (e.g. the Lisbon Agenda’s 3% of GDP
guideline for R&D spending), they should be based on the broader indicator of innovation provided by
KBC.
6.2 Innovation versus “new” knowledge
A narrow focus on formal R&D programmes implicitly identifies innovation with the development of
new knowledge. However, the generation of new ideas through formal R&D programmes actually occurs
on a rather narrow base. According to NSF data, the performance of business R&D is concentrated in a
rather small number of sectors in the United States: in 2008, more than 80% of R&D paid for by firms
originated in just five industries. These industries are important contributors to economic growth, but they
are by no means the only innovators. Many firms may not engage in what they regard as formal research
programmes, but are nonetheless interested in developing new products and processes. These efforts may
not be counted by the NSF, but they count when it comes to growth, and, according to the estimates of
Table 1, they may count a lot. In any event, a KBC-based policy should move beyond high-technology
industries when looking for the sources of new ideas and associated policy opportunities.
An even more important point is that an idea may be new to the firm, even though it is not new to the
industry or to the world. While the latter are the underlying source of innovation, it is the rate at which
ideas are adopted (regardless of the provenance or vintage of the knowledge) that drives the growth of the
firm. When thinking about ways to stimulate this growth, it is important to recognise that the adoption or
uptake of new ideas is not necessarily an immediate or costless process (as witnessed by the EBO
programme at IBM). This is the central point of the classic study by Griliches (1957) of the invention of
hybrid corn.19 The diffusion of this invention to farmers within and across different regions took years
because varieties had to be adapted to local conditions and because potential users had to be persuaded that
adoption made economic sense. It is also worth noting from a policy standpoint that the diffusion of this
technology was greatly aided by public sector involvement in agricultural experiment stations (which
might, with some imagination, be seen as a kind of EBO programme).20
The opportunity to improve the rate of uptake of new ideas is not limited to technology. The findings
of Bloom and Van Reneen (2007) suggest that the effectiveness of a company’s management also plays a
role and that there is substantial variance in managerial effectiveness. Moreover, managerial effectiveness
scores were found to be positively correlated with market capitalisation and productivity. The study by
Bloom et al. (2012) is particularly noteworthy for its policy implications. Efficiency scores were estimated
for a collection of Indian textile establishments, and a randomly chosen subsample received free
management consulting advice. The management performance of this subset improved by 17% in the first
year compared to the set of control plants through improvements in productive efficiency, product quality,
and inventory management. While other evidence suggests that management efficiency is higher in
advanced countries, and the opportunity for large short-term gains thus more limited, the dispersion within
advanced countries suggests that the potential for policy-induced gains is present.21
6.3 Firms are heterogeneous
Industries are typically composed of similar, but not identical companies, and contain both large and
small firms, as well as older and newer ones. This heterogeneity is important because a one-size-fits-all
KBC policy does not fit all sizes. The problems faced by small firms are particularly important from a
policy standpoint. Research has shown that these firms, particularly those that are relatively young and
rapidly growing, are responsible for a disproportionate amount of net job creation (Haltiwanger et al.,
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2010; Strangler, 2010; and Sadeghi et al., 2012). Strangler reports that, in any year, firms classified as
“fast-growing young firms” (which he calls “gazelles”) made up less than 1% of all companies but
generated around 10% of all new jobs. Similarly, Sadeghi et al. find that the 0.5% of all companies
classified as “high-growth firms” over 2008-11 were responsible for 33.7% of all gross job creation among
firms that increased their employment over that period. These findings reprise work done at the OECD
more than a decade earlier, summarised in Schreyer (2000).
Smaller firms are also an important source of R&D spending, according to the NSF data shown in
Table 2. Small companies with fewer than 500 employees in 2009 had an average investment rate that was
three times that of the largest firms and employed a third of R&D workers, despite their much smaller sales
and overall employment. Large firms with more than 10 000 employees accounted for slightly more than
half of total R&D and employed about 40% of R&D workers. They are more important in terms of the
absolute amount of research, but the smaller companies are the source of R&D’s contribution to the high
rate of intangible investment in the United States, and thus to the correlation between this rate and output
per worker shown in Figure 4.
Table 2. R&D, sales, and employment by firm size
Funds spent for R&D performed in the United States, sales, and employment, by company size: 2009
USD millions and percentages

Domestic employment
(thousands and
percentages)

Source of funds
Paid for by
the
company

Company
size
(dom. empl.)

All R&D

All companies

282,393

79.6%

14.0%

4.2%
3.4%
4.7%
4.5%
4.0%
3.6%
15.6%
7.7%
18.1%
34.2%

78.5%
81.3%
62.4%
82.1%
74.7%
84.8%
87.2%
80.4%
82.7%
76.5%

10.9%
10.6%
31.3%
5.4%
15.0%
4.7%
3.7%
4.6%
11.5%
22.5%

5–24
25–49
50–99
100–249
250–499
500–999
1,000–4,999
5,000–9,999
10,000–24,999
25,000 or more

Federal

Domestic
net sales

R&D/
sales

6.3%

7,407,583

10.6%
8.1%
6.3%
12.5%
10.3%
10.6%
9.1%
15.0%
5.8%
1.0%

1.5%
1.6%
1.9%
3.1%
3.6%
3.6%
13.3%
8.6%
22.1%
40.7%

3.8%
10.3%
8.0%
9.6%
5.5%
4.2%
3.8%
4.5%
3.4%
3.1%
3.2%

Other
2009

Total

R&D

17,788

1,424

2.4%
2.5%
3.4%
4.8%
4.1%
4.5%
13.2%
9.0%
15.1%
41.1%

8.1%
5.7%
7.0%
6.4%
5.1%
4.5%
14.3%
7.9%
14.9%
26.3%

Source: National Science Foundation, National Patterns of R&D Resources: 2009 Data Update, National Center for Science and
Engineering Statistics, Detailed Statistical Tables, NSF 12-321. June 2012.

The employment and R&D contributions of these small firms suggest that a successful pro-growth
KBC policy should pay special attention to the needs of these companies and the constraints they face.
Encouraging the formation of KBC capital in the “gazelles” is particularly important because of their rapid
growth. The process of becoming a larger company involves changes in the way it is managed, and
investment in organisational capabilities is part of the transformation process. Small firms also tend to be
dependent on external finance and thus face financing problems, particularly when they are growing
rapidly. The positive cross-national correlation between venture capital and the aggregate intangible
investment rate revealed by Figure 8 is particularly relevant in this regard. So also are the trends in the
venture capital industry, where funding has deteriorated, on average, over the last decade (NVCA, 2012).
These factors should be viewed against the backdrop of the study by Reedy and Litan (2011) of the
“restrained” trend in new business job creation in recent years, which they conclude will have a substantial
adverse effect on longer-term employment.22
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Figure 8. Venture capital investment positively associated with rate of intangible investment
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6.4 How much KBC?
There seems to be little doubt in the policy community about the need to stimulate growth or about
the important role played by policies that increase the rate of innovation. Increased investment in R&D is
frequently mentioned in this regard. The evidence presented earlier in this paper suggests that the scope of
innovation investment should be widened to include a broader range of knowledge capital. However, the
thrust of this line of analysis has been on the effectiveness of this kind of investment in promoting
economic growth and not on its role in an efficient economic system.
This last issue has been the focus of much of the microeconomic analysis of knowledge capital, with
particular emphasis on spillovers from innovator to adopter and the protection of intellectual property
rights. By its nature, knowledge is non-rival, in the sense that once an idea or fact is known, it can be
shared without reducing the amount available to others. The social rate of return therefore tends to exceed
the private rate of return to the original innovator, and in these cases the innovation should (from society’s
standpoint) be diffused as widely as possible to maximise its impact on economic growth and welfare. If
decisions about the appropriate level of KBC were left exclusively to the calculus of private profit
incentives, too little investment would take place. This bias is reinforced by monopoly pricing when firms
are able to protect their intellectual property.
The literature on the return to R&D supports the idea that there is a wedge between social and private
23
rates of return and, by implication, that there is a role for public policy to close the gap. However, a
somewhat more nuanced view is needed. One major theme of this paper is the need to induce those who
control their firm’s investment decisions to increase their spending on KBC. It is the rate of return on their
investment that motivates them, and this is the private rate of return. There may thus be a tradeoff between
the pro-growth benefits of a competition policy that makes knowledge more widely available and a policy
of protecting intellectual property rights that provide the incentive for innovators to develop that
knowledge in the first place.
Finding the right balance between protecting the IPR of incumbent innovators and encouraging the
dissemination of valuable knowledge to upstart innovator-competitors and to follower-imitators (who may
or may not be competitors) is not an easy task.24 The patent system alone presents many challenges. The
problem is further complicated by the fact that the diffusion of knowledge is not the only important issue.
In their paper on the optimal amount of R&D in the context of economic growth, Jones and Williams
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(2000) argue that while the non-rival nature of R&D knowledge is an important consideration, “there are
equally compelling reasons, related to the distorted incentives from patent races and the transfer of rents
through creative destruction, to think that there may be too much R&D” (page 65).
Getting IPR policy ‘right’ is critical for the long-run health of a knowledge-based economy, though
getting the ‘right’ right is a problem given the complexity of the issues and the competing interests
involved. One thing that can be said is that, whatever the flaws of existing IPR systems, the evidence of
Figures 1 to 5 is a reminder that the last decades have been a period of significant innovation. The evidence
also supports the view that further investments in R&D and other knowledge capital will stimulate
economic growth (optimally or otherwise). A pragmatic approach to the financial crisis and its slowgrowth aftermath suggests a strategy of encouraging private-sector investment in these kinds of knowledge
capital and leaving the structural questions of optimal innovation policy for a separate discussion.
7. Specific KBC policies
The preceding section has offered some observations about the overall architecture of a growth policy
that incorporates a KBC perspective. The main points that emerged can be summarised briefly. They
include: the need for a broader perspective that looks beyond science and technology policy and recognises
the importance of KBC as a whole; the need to look beyond the development of new ideas alone and focus
as well on the diffusion of new technology and organisational practices; the recognition that a pro-growth
policy may create winners and losers among firms and that a “one-size” policy will not fit all types of firm;
finally, the importance of paying special attention to smaller, rapidly growing firms. To complement this
discussion, several specific policy topics are examined next.
7.1 Economic regulation
One message from the CEO surveys is that innovation is associated with the need for flexibility and
creativity in the face of a rapidly evolving technological and market environment. Flexibility is needed to
take advantage of emerging business opportunities or to cope with the challenges of competition. Rigid
labour markets and regulations inhibit adaptability and are barriers to growth. The need to reform rigid
labour markets and growth-inhibiting regulations is a constant refrain in discussions of growth policy.
Figure 9. Intangible investment rate compared with World Bank ease-of-doing business rank 2006
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A look at Figures 9 and 10 supports the view that the environment in which business decisions are
made matters for KBC investment. Figure 9 plots the 2006 rate of intangible investment for a collection of
advanced countries for which data are available against the World Bank’s ease-of-doing business rankings
for these countries. It is readily apparent that intangible investment is strongly associated with a positive
business climate. Much the same is true of the association between the rate of investment in these countries
and the World Bank’s index of labour market rigidity. While these correlations do not imply causality, they
certainly support the view that a rigid regulatory environment has an adverse effect on investment
decisions. A policy of reducing regulatory rigidity and the effect of special interests would thus seem to be
a promising way to encourage KBC investment, other things being equal. The problem is that other things
are not equal when it comes to dealing with the economic and political forces behind the rigidities. A
policy of stimulating innovation through KBC investment is predicated on the ability to deal successfully
with these forces.25
Figure 10. Intangible investment rate compared with the World Bank employment rigidity index 2006
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7.2 Macro policy uncertainty
The current economic environment in many countries is the product of both structural and cyclical
economic problems, overlaid with a debt crisis and concerns about social equity. This situation can give
rise to policy inconsistencies and conflicts. In many cases, the proposed solution to one problem is at
variance with other policy priorities. For example, a policy that encourages long-run growth through
structural change may create winners and losers in a way that clashes with social objectives and, in some
cases, may lead to an austerity that penalises near-term growth at a time when economic activity is already
depressed. Moreover, attacking cyclical growth problems with monetary and fiscal stimulus may conflict
with the objective of reducing debt through public- and private-sector deleveraging and may be of limited
efficacy in an environment constrained by structural problems. Deleveraging while attempting to stimulate
long-run growth via structural change and capital investment is a hard balance to achieve. Finally,
deleveraging can create financial problems for the banking and the public sectors and, in the public sector,
deleveraging forces a debate about the size and scope of government, and about the tradeoff between
higher taxation and lower expenditures.
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Finding a policy consensus in this tangled web is difficult, with many of the hardest decisions
continually pushed into the future. This political dimension of growth policy is a major contributor to the
macroeconomic and political uncertainty noted in the CEO surveys. Baker et al. (2012) attempt to quantify
the degree of economic and policy uncertainty in the United States in the years from 1985 to 2012. They
calculate an index of economic uncertainty for the entire period and find that it reached an all-time high of
574 in the last two years of the period, against a period average of 182. The authors do not claim that
policy uncertainty necessarily causes slower economic growth, but do conclude that a strong association
exists.
These findings are consistent with the concerns voiced by CEOs about the uncertain macroeconomic
and regulatory environment. The fact that US companies are sitting on USD 1.7 trillion in “spare” cash can
be interpreted as further evidence that these constraints are important (Samuelson, 2012). It seems
reasonable to conclude that uncertainty is another obstacle that must be overcome if individual KBC
policies are to be effective.
7.3. Tax policy
Like deregulation and deleveraging, tax policy has both an economic and a political component. From
an economic standpoint, tax policy is a traditional tool for stimulating growth by subsidising capital
formation. This approach has been extended to intellectual property and could, in principle, be further
extended to include a broad range of KBC investments. From a political standpoint, tax incentives for
capital tend to benefit the owners of capital and technology and clash with distributional and deleveraging
objectives. As a result, income originating in businesses where investment decisions are made, may end up
facing higher rather than lower taxes on average.
These considerations affect any discussion of how tax policy might encourage investment in KBC.
From a purely economic standpoint, several points should be made about the taxation of income from
KBC. First, KBC enjoys a tax advantage that is available to some but not all tangible capital: it is treated as
an expense for tax purposes and written off immediately. This means that there is no expected ex ante tax
on income from the marginal investment. What gets taxed are the ex post rents accruing to successful
innovation. By implication, a system with a low average tax rate on income accruing to capital is one way
to encourage risk-taking innovation by increasing the size of the after-tax prize. A system of high marginal
tax rates on rents that raises the same amount of revenue has the opposite effect.
A system of targeted tax incentives is an alternative to a broad-based low-rate system. In this regard,
some thought might be given to extending R&D tax credits to non-conventional R&D and other innovation
co-investments. Some policy creativity might be required to do this, but since the aggregate value of all
KBC greatly exceeds the conventional R&D component, the effort may be worthwhile.
Another issue arises because small firms have the highest rates of R&D investment (Table 2), but they
may have little or no taxable income and therefore cannot benefit from income tax incentives unless they
are refundable. For such firms, relief from payroll taxes and other social security levies that affect cash
flow is often a bigger issue.
A final point is applicable to both tangible and intangible capital, as well as to high-income human
capital (entrepreneurs and creative “stars”). A basic principle of tax incidence (the inverse elasticity rule)
holds that, under certain conditions, an efficient tax system should tax things for which supply or demand
are relatively fixed (inelastic). The more elastic the supply of an item is in any one place, the more easily a
tax is avoided. Since capital and technology are highly mobile in today’s globalised open economies,
taxing them often results in low revenues and high tax distortions. The problem is exacerbated by tax
competition among countries and regions. Tax competition has been used (often effectively) by individual
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governments to promote growth within their jurisdictions, despite its unappealing distributional and tax
revenue aspects. One implication is that, absent major changes in global tax relations, a regime of high
marginal tax rates on income from highly mobile factors is a risky strategy if the objective is to encourage
KBC investment.
7.4. Education policy
Improving the quality of public education and increasing its quantity are widely seen as ways to
address the shifting demand for worker skills in an increasingly knowledge-based economy. One goal is to
raise worker productivity in a way that leads to higher wages and perhaps reverses the hollowing-out
problem. This goal is consistent with the human capital priority identified by business surveys. One
popular solution is to spend more on primary and secondary education, another is to make college
education more affordable. Yet another is to train more scientists and engineers.
There is nothing inherently wrong with these educational strategies. Historically, they have been a key
means of providing the kind of labour force needed to sustain high rates of economic growth. However, the
problem with a “more education” strategy is that levels of educational attainment are already very high in
most advanced economies, prompting such questions as: How much education is enough for the economic
needs of a country? Is more always better?
The answer in some countries is, sadly, no. The possession of a college degree is, by itself, no
assurance of higher cognitive skills, and many college graduates are disappointed by their labour market
outcomes.26 The gap between skills and years of education is the central focus of the 2010 report by the
OECD on its Programme for International Student Assessment (PISA). This study found that:
“PISA surveys reveal wide differences in the performance of education systems in terms of the
learning outcomes achieved by students. For some countries, the results from PISA are
disappointing, showing that their 15-year-olds’ performance lags considerably behind that of
other countries, sometimes by the equivalent of several years of schooling and sometimes despite
high investments in education.”
In other words, spending is not enough and should not be mistaken for the quality of education, just as
education should not be mistaken for skills in analyses of labour markets and economic growth. In this
vein, the OECD study goes on to argue that raising cognitive skills, as measured by PISA scores, has an
important payoff for economic growth:
“A modest goal of having all OECD countries boost their average PISA scores by 25 points over
the next 20 years – which is less than the most rapidly improving education system in the OECD,
Poland, achieved between 2000 and 2006 alone – implies an aggregate gain of OECD GDP of
USD 115 trillion over the lifetime of the generation born in 2010.”
This argument suggests that raising the quality of education should be a fundamental aspect of growth
policy, particularly one that involves KBC investment.
Linking education and worker training is another area that offers an important policy opportunity. An
appropriately designed educational system provides a supply of skilled workers, but a supply of skills
alone is not sufficient and must be matched by a corresponding demand on the part of firms. One way to
accomplish this involves a curriculum that produces workers that businesses want to hire. This is a natural
area for public-private partnership programmes, perhaps involving continuing education, apprenticeships,
and curriculum design that includes vocational education with the skills needed to function in a more
complex technological environment.27
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Developing and sustaining the skills and characteristics needed for employment in a knowledge-based
economy may have a large payoff in terms of middle-class employment and living standards. Failure in
this area may exact a large penalty on growth.
7.5 Innovation accounting
A fundamental premise of this study is that if KBC is as important as the empirical evidence suggests,
then it deserves to be taken into account when formulating economic policy. By extension, it deserves to be
accounted for in official macro statistics. This is beginning to happen, with the move to capitalise R&D in
the UN System of National Accounts (software has been treated as capital for a number of years).
However, these steps, welcome as they are, fall well short of a full description of KBC (recall Table 1). As
a result, even R&D-augmented conventional accounts will misstate the level and growth rates of aggregate
investment, GDP, and wealth, as well as labour’s true share of national income, the rate of saving, and the
rate of return to capital.
Corrado and Hulten (2012) set out the steps involved in creating a national innovation account as a
supplement to the standard national income and product accounts. This satellite account would include the
items of intangible capital listed in Table 1, both as inputs to innovation and as outputs of an investment
sector, all harmonised with the existing accounts to ensure internal consistency. A great deal more work
needs to be done to make this a reality, judging by the amount of work undertaken by the United States
Bureau of Economic Analysis in developing their path-breaking national R&D satellite account. However,
as daunting the development of a full set of non-market KBC accounts may seem, it is much less daunting
than the original task of building the national accounts from scratch.
Development of the KBC part of the innovation account is only half of the problem. KBC is an input
to the innovation process, but what about the corresponding output? One “output” of KBC is the increase
in the productive efficiency of the processes through which output is produced. However, NSF data show
that process-oriented R&D only accounts for a small share of the total, with the rest going to the
development of superior products.28 The output growth associated with innovation investment is in fact a
combination of the quality and quantity of products – of better medicines and more medicines, better
computers and more computers – and to get a full account of the benefits of KBC-driven innovation, both
“more” and “better” need to be measured.
Unfortunately, the former is more easily accomplished than the latter, since the quantity of units
involved in a market transaction can generally be observed (though some services present problems).
When it comes to quality, there is little data available for a direct comparison. However, it is sometimes
possible to compare the relative prices of new varieties of a good and infer “quality” indirectly from the
price differentials, but this is generally not possible when innovation takes the form of new goods rather
than superior new varieties. Methods that measure the benefits of new goods are controversial (National
Research Council, 2002), but their omission can result in an understatement of the true extent of
innovation. Speaking to this point, William Nordhaus (1997) argued in his paper on the history of lighting
that official price and output data “may miss the most important revolutions in history,” because they miss
the really large (“tectonic”) advances in technology.
This large “miss” may well include the revolution in information technology. Many sectors of the
economy have generated new “tectonic” products: statins, cellular telephones, magnetic resonance
imaging, automated teller machines, the global positioning system, credit default swaps, e-commerce,
search engines, social media, robotic or computer-controlled machines in manufacturing. Such products are
inherently hard to value because of their qualitative and transformational nature. The exact size of the
“miss” for this type of product is not known, but intuition suggests that it may be quite large and that
accurate measurement should be a priority for income and growth accounting. Otherwise, conventional
measures of output may understate the true magnitude of the information revolution.29
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The case for a national innovation account finds a parallel at the level of individual companies.
Financial accounting practice does not treat the intangibles developed within a company as capital and thus
excludes them from the balance sheet (externally acquired intangibles are treated differently), and the value
of own-account intangible investment produced in each year is not counted as part of the company’s total
product. As previously noted, Hulten and Hao (2008) find that the value of the omitted own-account
intangibles exceeds the reported net worth in 2006 in a sample of R&D-intensive companies. A large
literature has developed on the problems arising from these omissions (e.g. Lev, 2001). It can be
summarised loosely by the well-known saying, “if you can’t measure it, you can’t manage it,” often
attributed to Peter Drucker. From the standpoint of innovation policy, a case can be made for accounting
rules that highlight the role of KBC within a firm, both as a management aid and as tool for policy makers
to monitor the extent of innovation activity at the firm level.
8. Summing up: Opportunity but no easy answers
Angus Maddison’s study(2007) of the historical evolution of world GDP per capita provides a useful
frame of reference for sorting out the complex currents and cross-currents of the recent growth and debt
crisis. His estimates reveal the crucial importance of the industrial revolution as the source of the
prosperity of the world’s advanced economies. He finds that the world’s real income per capita increased
from USD 615 in 1700 to USD 667 in 1820, followed by a large jump to USD 5 709 by 1998. Almost all
of the nine-fold increase over the 1700-1998 period came during the later stages of the first industrial
revolution and the two technological revolutions that followed. Moreover, the increase between 1700 and
1998 was by far the largest in the countries in which the technological revolutions occurred. The increase
in the countries of Western Europe was nearly 18-fold, and that in the United States over the shorter
1820-1998 period was estimated to be 22-fold.
This long-run perspective puts advances in technology and changes in the organisation of production
at the center of this phenomenal growth record. However, the path to prosperity was by no means smooth
or tranquil. The economic transformations wrought by technology were highly disruptive and produced
periods of immiseration and cyclical swings in economic activity. Social legislation and, later,
counter-cyclical policy, helped moderate these problems (indeed, were necessary factors), but, in the end, it
was innovation that fueled the remarkable growth in living standards. The current policy debates over
appropriate remedies for the economic crisis would do well to remember this historical lesson.
Unfortunately, it is one thing to recognise what should be done and quite another to make it happen
politically. The tendency has been to pursue policies that avoid the pain of adjustment costs and “kick the
can down the road,” by maintaining current living standards through unsustainable transfers of public and
private consumption from future years to the present (recall the massive increase in public and private debt
documented in the 2012 McKinsey Global Institute study), or by divisive debates over who should bear the
costs of adjustment. However, a no-pain growth policy is not a feasible long-run option, no matter how
congenial some politicians may find it. This point was driven home by German Chancellor Angela Merkel
in an interview with the Financial Times in which she observed that Europe accounts for only some 7% of
the world’s population and about a quarter of its GDP, but also for half the world’s social spending.30 She
went on to note that this is not sustainable without a lot of hard work and frugality.
A failure to face the sometimes painful logic of innovation and growth risks perpetuating the cost of
structural rigidities. In this regard, it is fitting to end by quoting from the 2000 OECD study by Paul
Schreyer, written before the current growth crisis and before the term KBC was even coined and its
benefits documented:
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“Structural unemployment and weak employment growth have been salient characteristics of
labour market developments in many OECD countries. There are a number of explanations for
this problem, including macro-economic conditions, the functioning of labour and product
markets and the effects of technological change and globalisation. All of these aspects have been
investigated in recent years, including by in-depth work carried out by the OECD. One general
conclusion from the different studies is that unemployment often reflects a lack of economies’
capacity to adapt to change. The degree at which economies are adaptable depends on the nature
of institutions, structural policies, regulations and legal settings as well as social and cultural
values.”
The capacity to adapt to change has both public- and private-sector components. Government policies
on education, infrastructure (particularly technology infrastructure), structural reform, and macroeconomic
stability, are key aspects of a successful growth strategy. However, one of the central points of this paper is
that private-sector involvement through KBC investment is also a critically important and, in many cases, a
essential, part of the growth process. As Schreyer puts it:
“Governments can influence incentives and framework conditions that bear on an economy’s
capacity to adapt but the actual implementation of change rests with private agents. Some of the
most important agents of change are entrepreneurs – individuals with the capacity and
willingness to take risks, to be innovative and to exploit business opportunities in a market
environment.”
One might also add that this applies to companies as well. Innovation is more than just good ideas, it
is also about good organisations, large and small, that are able to execute and translate these ideas into new
products, processes, and markets.
Where does this leave KBC policy? It remains one of the most promising ways to encourage
economic growth despite all the complexities and policy conflicts touched on in this paper. It does not
avoid the painful adjustment costs of technological unemployment and structural reform, but in the long
run, it provides the foundation on which future prosperity can be built.
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NOTES

1

In summarising the current situation in the United States, Samuelson (2012) has observed that the economy
has grown at an annual rate of approximately 2% a year since the recession officially ended in mid-2009,
compared to a post-World-War II average of 4.5% at this stage of the recovery. This “feeble” performance
has unfolded despite the Keynsian stimulus of USD 5 trillion in federal government budget deficits since
late 2008, and a Federal Reserve that has pumped more than USD 2 trillion into the economy through bond
purchases. Some prominent observers see monetary policy as moving into uncharted territory, with the risk
of unintended consequences and potentially adverse outcomes (e.g. El-Erian, 2012; Fisher, 2012; and
Lacker in Appelbaum, 2013).
Forecasts by Van Ark (2012) suggest that there is potentially room for both Keynsian demand-side and
supply-side structural reform policies. His estimates put the current gap between current and potential
output at about 6% of potential US GDP, and 2.8% of the EU27. At the same time, his forecasts suggest
that the trend in potential real GDP growth over the next 12 years will decline relative to historical norms.

2

Neither term is entirely suitable. Intangible capital is the name used in most of the literature on the subject,
but in common usage, the term “intangibles” is evocative of a vague list of positive attributes. It is also
easily confused with the accounting concept, which is essentially intangible capital acquired externally
though mergers and acquisitions. The term “knowledge-based capital” captures more of the role played by
this type of capital, but would also reasonably seem to include high-technology tangible capital such as
computers, telecommunication equipment, and robotic manufacturing machines. Despite these issues, the
two terms will be used interchangeably in this paper.

3

Hulten (2012) provides a brief history of the theoretical origins of the KBC concept and its role within a
firm. The questions raised by Coase (1937), Hayek (1945), Penrose (1959), Machlup (1962), and Prescott
and Visscher (1980) about the nature of the firm and the role of information are the conceptual starting
points for the current empirical literature on KBC.

4

Brand equity is perhaps the most controversial item on this list. However a closer look at the
pharmaceutical and software sectors shows that it is an important part of the innovation process. A
company must be able to sell a new product if it undertakes the expense of developing it, and the selling
costs are part of the overall benefit-cost calculation. Research by Hall (1993) suggests that advertising,
which is only a fraction of total marketing expenses, may be a stronger determinant of company value than
expenditures on R&D. Marketing and customer relations are likely to play an even more important role in
the future as the information technology (IT) revolution leads to a rise in product and process
customisation, as well as customer interaction.

5

When the contributions of IT capital and the labour composition effect (largely an education effect) are
added to the KBC effect to obtain a broader measure of how the transition to a knowledge-based economy
affects growth, the three sources explain nearly half the growth rate of output per worker in the US
business sector. The sources-of-growth framework and its interpretation are summarised in Hulten (2010b).

6

The estimates of Figure 3 refer to the average experience of firms in the United States business sector as a
whole. A recent study of the sources of growth of the Microsoft Corporation, one of the key contributors to
the IT revolution, found that KBC was an even more important driver of real value added per worker
(Hulten, 2010a). Over the period 1995 to 2003, the growth in Microsoft’s intangible capital accounted for
more than 60% of its output growth.
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7

Brazil, the Russian Federation, India and the People’s Republic of China.

8

Previous CEO Challenge surveys listed similar, but not identical concerns, reflecting the changing
economic environment over the last three years. The top challenges for US CEOs in the previous year
were: business growth, government regulation, innovation, talent, and cost optimisation. The challenges
from the year before were: excellence in execution, sustained and steady top line growth, consistent
execution of strategy by top management, customer loyalty/retention, profit growth, and government
regulation.

9

In fact, the average rates of growth of KBC for the periods 1990-2000, 2000-07, and 2007-11 hardly
changed at all. Recent NSF BRDIS data for 2009 suggest business spending for R&D declined only
marginally compared to previous years and R&D workers hardly at all (for reference to NSF data, see
Wolfe, 2012).

10

In their discussion of this debate, Brynjolfsson and McAfee (2011) cite Cowen (2011) and Rifkin (1994) as
among the leading pessimists. This list can be expanded to include the recent work of Robert Gordon
(2012).

11

See Greenwood (1997) for an earlier articulation of the problem. Arthur cites Keynes’ 1930 warning about
technological unemployment as a possible consequence of a high rate of economic growth.

12

The difficulty of sorting out the cyclical and structural contributions to unemployment is a longstanding problem, as Abraham and Katz (1986) indicate. In the current economic context Lazear and
Spletzer (2012) revisit the problem and come down on the side of the cyclical explanation.

13

For examples of the recent literature on this topic, see Brynjolfsson and McAfee (2011) and Jaimovich and
Siu (2012).

14

One implication of this analysis, and supporting data on the relative stagnation of US median household
income, is that the hollowing-out problem reflects a structural trend that predates the current crisis. This
trend is one of the likely factors behind the large increase in overall leverage documented in the 2012
McKinsey Global Institute study, since one way to compensate for lagging growth in living standards is to
borrow against future consumption

15

Globalisation is a complex phenomenon with strong historical and political roots. However, the
technological revolutions in communication, transportation, and information management were important
enabling factors in the growth of multinational corporations and the development of global supply chains.

16

The literature envisions a renaissance in the manufacturing sectors of high-wage countries based on the
adoption of advanced technologies. For citations to this literature, see Hemphill (2012), Fallows (2012),
Fishman (2012), Kaushal et al. (2011), Marsh (2012a, 2012b), PwC (2012), and the references contained
therein.

17

Demographic trends are a further source of ambiguity when thinking about the problem of technological
unemployment. Technology may reduce the demand for labour in future years, but population replacement
rates in many countries are such that there will also be a decline in the supply. The latter may mitigate to
some extent the effects of the former, but, and the same time, dependency ratios will rise, making the
overall picture even more ambiguous.

18

Tushman and O’Reilly (1996) examine this problem and pose the following questions: “Why is anything
but incremental change often so difficult for the most successful organisations?’, and “Why is this problem
such an enduring one?”. Tett’s 2013 article about the Sony Corporation in the Financial Times offers a
recent example of how internal organisational rigidity, in the form of operational “silos,” can inhibit
innovation (www.ft.com/intl/cms/s/2/ ca14070a-603a-11e2-b657-00144feab49a.html#axzz2IR9qnJH2).
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19

In The Third Industrial Revolution, Greenwood (1997) observes that the “adoption of new technologies is
notoriously slow” (page 16). He cites a number of studies with evidence supporting the slow-diffusion
hypothesis.

20

The penetration of new products into the market place may also occur with lags. In their study of the
diffusion of new pharmaceutical drugs to consumers, Trusheim et al. (2010) found that uptake reached a
peak about six years from date of introduction

21

The evidence of significant differences in organisational efficiency is by no means limited to the Bloom
and Van Reenen studies. A large literature exists on the dispersion of productivity among the
establishments of given industries. This research is summarised by Syverson (2011), who reports that in a
2004 study of four-digit SIC industries in US manufacturing, “the plant at the 90th percentile of the
productivity distribution makes almost twice as much output with the same measured inputs as the 10th
percentile plant ” (page 326). Such a wide dispersion suggests, again, the opportunity for policy to achieve
significant gains in output growth from a given resource base, either through intra-firm improvement or
through the reallocation of resources to more efficient firms.

22

Start-up firms have been an important source of innovation in the IT economy, but are particularly prone to
failure. It is part of the risk associated with entrepreneurship and innovation. Penalising failure through
overly restrictive bankruptcy laws or stigmatising failed entrepreneurship creates negative ex ante
incentives for risk taking.

23

Hall et al. (2010) review the huge literature on the private and social returns to R&D investment. While
there is a large variance in the individual estimates, the authors conclude that the rate of return is generally
positive and generally larger than the return to “ordinary” capital, and the corresponding social rate of
return is “almost always estimated to be substantially greater than the private returns (page 1073).” The
study did not focus on KBC spillovers, but the diffusion of best-practice organisational and marketing
methods previously noted suggests that significant opportunities exist.

24

There is also an international aspect to the problem. While a policy that encourages the diffusion of
technology within a country may have a beneficial effect on domestic output growth and employment, it
may have a rather different effect when the benefits accrue to foreign competitors.

25

One aspect of the ease of doing business deserves special mention. Rent seeking through litigation and the
legal struggle to protect property rights add uncertainty and expense to many business decisions. Several
high-profile cases in the technology area bear witness to the importance of this issue. Tort reform is
frequently brought up as a way of improving the business climate.

26

This point is made forcefully in the 2013 McKinsey-Chegg survey of recent college graduates in the US.
The report points to a paradox in which many of the graduates surveyed felt that they were underprepared
by their college education for the “world of work” (30% of the graduates from four-year institutions),
while, at the same time, more than 40% of the graduates from these institutions felt that they were
overqualified, in the sense that their jobs did not require a four-year degree.

27

See, for examples, Cook (2012) and Lambert (2012), for recent reference to these issues, and Hempill
(2012) and the 2011 report “Manufacturing’s Wakeup Call” by Booz and Company and the University of
Michigan’s Tauber Institute.

28

Recent estimates from the National Science Foundation’s Business R&D and Innovation Survey (BRDIS)
suggest that pure process-oriented R&D is a small share of the total, accounting for only 15% of the
USD 224 billion in domestic R&D paid for by companies. The balance is for product development, though
some of the new products were inputs to the product process (capital-embodied technical change, improved
materials, etc.). The fraction of R&D devoted primarily to new consumer goods, such as the iPhone and
iPod, is not reported in the NSF surveys.
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29

The intangible nature of much knowledge-based output – the “better” versus “more” problem – makes it
more likely that the mismeasurement of product quality change has increased during the IT era. Moreover,
much of the benefit to consumers of the information made available through the internet, as well as the
value of social networks, may not be captured by conventionally measured GDP. Robert Gordon’s
pessimistic view that the IT revolution has had a smaller measured impact on productivity growth than the
preceding technology revolutions may therefore be due, in part, to a greater degree of output
mismeasurement in recent years.

30

Details of this interview can be found in a 16 December 2012, Financial Times article by Quentin Peel,
“Merkel warns on cost of welfare,” at www.ft.com/intl/cms/s/0/8cc0f584-45fa-11e2-b7ba00144feabdc0.html#axzz2Hcr9ndTa.
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