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Summary 

Of the $181 billion invested into research & development by U.S. firms in 2000, $13.2 billion 
funded the kinds of early-stage technology development (ESTD) activities that are targeted at 
bringing radically new technological innovations to the marketplace. Such disruptive innovations 
are distinctive in their capacity to destabilize markets, create new opportunities for learning, and 
open up entirely new spheres of economic activity. While the portion of R&D funds directed at 
ESTD may be small, ESTD investments are essential to sustaining long-term economic growth, 
and corporate funds represent the most significant source of funding for the nation’s ESTD 
activities.   

Our research illuminates the varying levels of support for ESTD activities across industries and 
firms. We find that these inter-industry and intra-industry variations are shaped by several 
forces, including the increasing sophistication required to develop new technological 
innovations, mounting pressures on corporate R&D divisions to demonstrate financial value 
from R&D investments, and the importance of the lifecycle position of specific industries relative 
to other industries and individual companies relative to their peers. 

This report is based upon research and analysis performed by Booz Allen Hamilton, which 
conducted 39 detailed interviews with senior executives and investors from 31 corporations 
across 8 industry sectors, and 8 venture capital firms. By drawing upon these interviews, we 
examine trends in management of corporate R&D and how new market realities are affecting the 
ways corporations manage and support ESTD activities. Among these emerging corporate 
strategies are an increasing formalization of portfolio management approaches to corporate 
R&D, and a growing reliance on acquisitions, alliances, and outsourcing to obtain access to 
earlier stage technologies. 
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I. Introduction 

Technological innovation is critical to long-term economic growth. Most technological 
innovation consists of incremental change in existing industries. As the pace of technical advance 
quickens and product cycles compress, established corporations have strong incentives to seek 
opportunities for such incremental technological change. However, incremental technical change 
alone is not adequate to ensure sustained growth and economic security. Sustained growth can 
occur only with the continuous introduction of truly new goods and services—radical 
technological innovations that disrupt markets and create new industries. Understanding the 
invention-to-innovation transition is essential in the formulation of both public policies and 
private business strategies designed to convert the nation’s research assets more efficiently into 
economic assets. 

Corporations are the largest funders and performers of research and development in the United 
States.  In 2000, U.S. corporations reported to NSF investments in R&D totaling $181.0 billion. 
According to the traditional three-tiered R&D classification scheme, firms allocated $16.2 billion 
of their R&D investments to basic research, $36.4 billion to applied research, and $128.4 billion 
to development.2  

Only a small portion of these massive investments is directed at the kinds of early-stage 
technology development (ESTD) activities that transform lab bench inventions and discoveries 

                                                      
1 This notion was first explored empirically by Schmookler (1966).  

Definition of terms: We use “invention” as shorthand for a commercially promising product 
or service idea, based on new science or technology that is protectable (though not necessarily 
by patents or copyrights). By “innovation” we mean the successful entry of a new science or 
technology-based product into a particular market. By early-stage technology development 
(ESTD) we mean the technical and business activities that transform a commercially 
promising “invention” into a business plan that can attract enough investment to enter a 
market successfully, and through that investment become a successful innovation. Because 
innovations must be new or novel, we restrict the definition of ESTD in the corporate context 
to products or processes that lie outside a firm’s technology strategy in pursuit of its core 
business interests.  The technical goal of ESTD is to reduce the needed technology to practice, 
defining a production process with predictable product costs and relating the resultant 

product specifications to a defined market.  
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into new radical innovations for the marketplace.3 ESTD investments are critical because they 
measure the level of support for radical innovations that open up new markets, create new 
opportunities for learning, and sustain long-term economic growth. 

While much has been written about corporate innovation, little is known about the specific 
management strategies, investment approaches, and intra-industry and inter-industry differences 
in corporate support for ESTD.  

This report examines the R&D management processes and priorities within U.S. corporations 
that might permit clarification of trends that are shaping the way corporations support ESTD 
activities and identifies emerging strategies that corporations are adopting to deal with changes in 
the R&D environment.  

  How do companies bring breakthrough laboratory inventions to the marketplace? 

  What variations exist in ESTD activities across industries and firms? 

  What trends are shaping corporate R&D investment decisions as they relate to ESTD? 

  What strategies are firms adopting to maintain and strengthen their innovative capacity? 

The report summarizes the results of seven months of interviews with dozens of R&D executives 
representing many of the nation’s largest and most influential industrial firms. The interviews, as 
well as additional supporting analysis, were carried out by Booz Allen & Hamilton (BAH) as a 
core component of the Between Invention and Innovation (BII) project at Harvard University’s 
Kennedy School of Government. The BII project was led by Professor Lewis Branscomb (Aetna 
Professor of Public Policy and Corporate Management, emeritus, Kennedy School of 
Government, Harvard University) and Dr. Philip Auerswald (Assistant Professor and Director of 
the Center for Science, and Technology and Policy, School of Public Policy, George Mason 
University). Brian Min contributed substantial research and writing to the project. The BAH 
team was led by Nicholas Demos (Vice President, Strategy Practice), Gerald Adolph (Senior Vice 
President), Rhonda Germany (Vice President, Consumer and Health Practice), and Raman 
Muralidharan (Vice President, Consumer and Health Practice). 

 

                                                                                                                                                                           
2 National Science Board (2002), tables 4-5, 4-9, 4-13, and 4-17. 
3 ESTD does not correspond uniquely to any of the three categories used by the National Science 
Foundation (NSF) and the Organization for Economic Cooperation and Development (OECD) to 
categorize industrial R&D. In fact, there are no statistical collections of ESTD data in the U.S.  or 
elsewhere. 
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II. Background and Definitions 

Industry R&D: Historical Context and Recent Trends 

Rosenberg and Birdzell (1985) document the advent, at the end of the nineteenth century, of the 
corporate research laboratory. “Until about 1875, or even later, the technology used in economies 
of the West was mostly traceable to individuals who were not scientists, and who often had little 
scientific training.”4 The first corporate laboratories were engaged in “testing, measuring, 
analyzing and quantifying processes and products already in place.” 5  Later a small subset 
(notably Thomas Edison’s Menlo Park laboratory) began bringing “scientific knowledge to bear 
on industrial innovation,” producing inventions in pursuit of “goals chosen with a careful eye to 
their marketability.”  

The dramatic trend toward the consolidation of American business in the first quarter of the 20th 
century had a direct impact upon the organization of industrial innovation. As early as 1928, 
Joseph Schumpeter was to observe that in the new era of oligopolistic markets dominated by 
large trusts, “innovation is... not any more embodied typically in new firms, but goes on, within 
the big units now existing, largely independently of individual persons.... Progress becomes 
‘automatised,’ increasingly impersonal and decreasingly a matter of leadership and individual 
initiative.” (Schumpeter 1928: 384-385)6 Writing in 1959, Jewes, Sawers, and Stillerman reinforce 
Schumpeter’s theme: 

In the twentieth century… the individual inventor is becoming rare; men with the power 
of originating are largely absorbed into research institutions of one kind or another, 
where they must have expensive equipment for their work. Useful invention is to an ever-
increasing degree issuing from the research laboratories of large firms which alone can 
afford to operate on an appropriate scale… Invention has become more automatic, less 
the result of intuition or genius and more a matter of deliberate design.” (quoted in 
Rhodes 1999: 212) 

Where industrial innovation in the 19th and early 20th centuries was identified with the work of 
individuals—Samuel Morse, Eli Whitney, and Thomas Edison—by the 1960s and 1970s it was 
identified with corporate entities—Bell Telephone Laboratories, General Electric (GE), RCA 

                                                      
4 Rosenberg and Birdzell (1985: p. 242). 
5 Rosenberg and Birdzell (1985: p. 246). 
6 This argument was developed more fully, and famously, in Schumpeter (1942). 
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Laboratories,7 the IBM T.J. Watson Research Center, and the Xerox Palo Alto Research Center 
(PARC). In each of these famed research settings, goals were far-sighted. Management focused on 
attracting the most able researchers, then providing them with a great deal of latitude. The 
Laboratories’ scientific achievements, recognized by several Nobel prizes, brought these 
companies great prestige.  

Despite their great success in advancing scientific and technological frontiers, the great U.S. 
research laboratories often (one might say, systematically) failed along one critical dimension: the 
ability to take inventions that were unrelated to core lines of business and translate them into 
viable commercial innovations with the sponsoring company. 8 While some firms sought to 
imitate Bell with commitments to basic science—in many instances making a serious effort to 
incubate within the firm ideas that the product line divisions could commercialize—few firms 
survived long in this mode. The freedom to take a more creative approach to corporate research 
was widely welcomed by industry scientists, but it did not address the requirements for 
commercializing radical innovations.9 

Inherently transient circumstances contributed to the ability of Bell Telephone, IBM, Xerox, and 
other leading research corporations to support sustained investments in fundamental science 
distant from market applications. In the case of Bell Telephone, market dominance was 
government granted. For IBM and GE as well as most other U.S. firms, the capacity to maintain 
market dominance was artificially enhanced by the lengthy recovery of both productive and 
inventive capacity elsewhere in the world from the devastation wrought by the World War II. 
Over the last quarter of the 20th century, deregulation and the resumption of more “normal” 
patterns of international competition contributed to the erosion of the ability of U.S. technology 
corporations to sustain funding of basic research not linked to core corporate activities.  Indeed it 
was government support of academic research and national laboratories that generated a new and 
successful mode of high technology innovation—the start-up nurtured by angel investment and 
venture capital. 

Trends in the valuation of publicly traded companies also had indirect but significant impacts on 
corporate R&D. The widely observed phenomenon of “conglomerate discount”10 indicated a 
general reversal of the prior trend toward diversification as an pathway of corporate growth. 
Corporate managers contended with a Wall Street climate that persistently penalizing lack focus. 

                                                      
7 The David Sarnoff Research Center. 
8 Smith and Alexander (1988) offer a narrative account of failures to commercialize innovations from 
Xerox PARC. Chesbrough and Smith (2000) detail the experience of each of the 35 firms that spun out of 
Xerox research centers from 1978 to 1998. 
9 Indeed, Xerox PARC was know for brilliant contributions to the development of personal computers, 
but the parent corporation was notably unable to exploit these inventions for commercial success. 
10 See Berger and Ofek (1995) for empirical support. 
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At the same time, increased competition in product markets (e.g. as caused by a return of 
“normal” levels of intensity in international trade) has put tremendous pressure on costs—
contributing to agglomeration of firms within well defined lines of business (merger waves), 
reorganizations, and “downsizing.” 

By the end of the 1980s, most U.S. research firms were seeking to link research activities more 
closely to existing lines of business. More mature and sophisticated forms of technical 
management in industry focused on core business interests and expected the corporate 
laboratory to create commercializable technologies. Some (at GE for example) turned to more 
disciplined priorities, tightly coupled to core business interests. Formal processes of risk 
management and metrics for tracking progress toward documented goals were introduced Others 
(IBM for example) began to see the central corporate laboratory as an instrument for informing 
decisions about technology choices, identifying directions for new business opportunities, and 
evaluating the intellectual assets of competitors and potential partners. Firms also began to out-
source more of their needs for component innovation to small and medium sized enterprises, 
both at home and abroad, reducing the dependence on corporate laboratories for component 
innovations.  

In the past decade, real increases in U.S. national R&D have all come from industry. Industrially 
funded R&D has doubled, while Federal R&D has been relatively flat in total. Corporate R&D 
investments are highly concentrated; the top 500 firms accounted for nearly 90% of all corporate 
R&D expenditures.11 Industry investments (including those by venture capital backed companies, 
but dominated by large corporations) continue to be the source of a substantial share of the 
resources converting basic science breakthroughs into commercializable products. However, 
these have increasingly been focused on near-term product development.12  Increases in efficiency 
come at a price: corporate investment may be decreasingly likely to produce the spin-off ventures 
and “knowledge spillovers” that have seeded the economic landscape with technology start-ups 
for over a generation. As Intel founder Gordon Moore recently observed: 

One of the reasons that Intel has been so successful is that we have tried to focus R&D, 
thus maximizing our R&D yield and minimizing costly spin-offs. But successful start-ups 
almost always begin with an idea that has ripened in the research organization of a large 
company (or university). This is a fundamental tension between what is ideal for the 
individual technology firm, and the phenomenon that builds a dynamic high-technology 

                                                      
11 National Science Foundation and U.S. Department of Commerce (1999). Note that firms with less than 
four persons engaged primarily in R&D are not asked to respond to the survey, and many highly 
innovative small firms do not have an internal organization for R&D activities and thus do not report in 
these surveys.  
12 For a journalistic account of this trend, see Gina Kolata, “High-Tech Labs Say Times Justify Narrowing 
Focus,” New York Times C1, September 26, 1995. 
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region. Over time, any geographic region without larger companies at the technology 
frontier, or sizeable research organizations (either privately, within firms or within 
academia) will probably have fewer companies starting-up or spinning off, both because 
of lack of technically trained people and a shortage of ideas. 13 

Research firms under pressure to focus on core lines of business are also mindful of past 
corporate failures to commercialize out-of-core innovations. In many cases research corporations 
have sought to employ venture funding and incubators as tools permitting additional flexibility 
without loss of focus. Venture funding and technology incubators are used to advance one of 
more of a variety of only loosely related corporate objectives:  

  to move toward commercialization innovations developed “in-house” but not relevant to 
core lines of business; 

  to aid in the retention of talented rsearchers by providing them with an opportunity to spend 
some time working outside of the corporation toward commercialization of promissing new 
technologies developed “in-house;”14 

  to support the development of new technologies for potential acquisition by the corporations; 

  to nurture demand for core products by supporting complementary infrastructure (e.g. a 
semi-conductor firm supporting software development tailored to its new, high-performance 
products); or 15 

  simply to earn maximal returns on investment.  

While some core business innovations may represent radical advances in the sense that they are 
based upon fundamentally new technologies, they are unlikely to be the sort of disruptive 
innovations that destabilize markets, create new opportunities for learning, and open up entirely 
new spheres of economic activity.16  By isolating and examining the narrow slice of corporate 
research activities that actively support the development of disruptive innovations, we can gain 
important insights on the ways corporations seek growth and expansion through radical 
innovation, even as they focus on nurturing and cultivating their core lines of business. 19 

                                                      
13 Moore and Davis (2001). It is interesting that Intel compensates for this intensity of focus by managing 
the single largest corporate venture capital investment program—though this program is also focused on 
core interests, including application development to grow existing Intel market. 
14 Chrysalis Technologies Inc., supported by Philip Morris, is an example. 
15 Intel Capital is a leader in this strategy. 
16 Christensen (1997). 
17 Chrysalis Technologies Inc., supported by Philip Morris, is an example. 
18 Intel Capital is a leader in this strategy. 
19 We recognize that it is very difficult to develop a rigorous distinction between a radical innovation that 
leads to markets that lie totally outside a firm’s experience, a radical innovation that disturbs (or perhaps 
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Defining Early-Stage Technology Development 

Early-stage technology development includes the technical and business activities required to 
develop a nascent technology into a clearly defined product or service whose specifications and 
business plan are matched to a particular market. Because innovations must be new or novel, we 
restrict the definition of ESTD in the corporate context to products or processes that lie outside a 
firm’s technology strategy in service of its core business interests.  The technical goal of ESTD is 
to reduce the needed technology to practice, defining a production process with predictable 
product costs and relating the resultant product specifications to a defined market. 

While corporate R&D numbers are regularly reported to NSF and other agencies, these numbers 
alone tell us little about how companies support and invest in truly radical technological 
innovations. A new approach is required therefore, to track the levels of corporate funding and 
support for activities aimed at bringing disruptive innovations to market.  

                                                                                                                                                                           
replaces) and existing firm’s business, and a new technology that transforms an existing line of business in  
a way the firm’s customers readily accept.  
20 National Science Foundation and U.S. Department of Commerce (1999). Note that firms with less than 
four persons engaged primarily in R&D are not asked to respond to the survey, and many highly 
innovative small firms do not have an internal organization for R&D activities and thus do not report in 
these surveys.  
21 Christensen (1997). 
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Figure 1. Early-Stage Technology Development (ESTD) Along the Path  
From Invention to Innovation 
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Figure 2. ESTD is Required for Innovations Based on New Inventions  
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Figure 3. The Role of ESTD in Corporate Innovative Activity 
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III. Project Scope and Methodology 

Methodology 

Between July 2001 and January 2002, BAH researchers conducted detailed interviews with 39 
company chiefs, senior executives, technology managers, and venture capitalists to identify 
emerging corporate trends and strategies for managing ESTD activities. Of the 39 interviews, 31 
were with technology companies from across 8 different industries and 8 were with venture 
capital firms. In total, the interviewed firms account for approximately 7% of total U.S. industrial 
R&D expenditures. 

In advance of each interview, respondents were sent materials with background information to 
familiarize themselves with the concepts and goals of the research. During telephone and in-
person interviews, respondents were asked to discuss the R&D management process within their 
organizations, including investment strategies, funding decisions, and partnership efforts. 
Specifically, interviewees were asked to discuss their firm’s R&D activities along the following 
four-stage invention-to-innovation framework: 

  Basic Research: Generic research aimed at developing new scientific knowledge 

  Concept/Invention: Proof-of-concept activities to transform scientific knowledge into a 
functional prototype and develop belief in integratability 

  Early-Stage Technology Development (ESTD): Technical and business work required to 
develop a novel, disruptive technology into a clearly defined product or service whose 
specifications are matched to a particular market 

Product Development: Activities aimed at evaluating market opportunities; establishing logistics 
and infrastructure for product manufacture and delivery; and finalizing detailed product 
specifications 

Additionally, respondents were asked to: 

  Identify what specific criteria were used by the firm to make R&D funding decisions  

  Discuss how research projects are evaluated and what goals guide their execution 

  Respond to the funding gap hypothesis (i.e. are there structural, cultural, and financial 
disjunctures that impede the development of radical new technologies along the invention 
to innovation pathway?) 
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To gain insight on the levels of ESTD funding across industries, each respondent was asked to 
provide details of the firm’s R&D budget in 2000 along with their best-informed estimates of how 
these funds were distributed across the four-stage invention-to-innovation framework.  

Once all the interviews were completed, detailed quantitative analysis was performed to derive 
estimates of corporate ESTD spending.22 As we were particularly interested in intra-industry 
variations in ESTD support, all interviewed firms were classified into industry groupings modeled 
after categories from the NAICS classification scheme. Our industry classifications are presented 
n the Appendix.  

To estimate total corporate ESTD spending across the nation, we summed ESTD funding 
estimates from across the eight sampled industry categories. To achieve individual industry 
estimates, we added up total ESTD funding of our interviewed firms and compared it with their 
total R&D budgets to derive an industry-specific weighted average of ESTD as a portion of R&D 
spending. These weighted averages were then applied to total R&D expenditures within each 
industry to come up with an estimate of total ESTD funding by industry. The results of these 
calculations are presented in Table 2 on page 11. 

Limitations of Data and Methods 

In planning our interviews, efforts were made to target a qualitatively diverse sample of firms 
along dimensions of industry, firm size, and lifecycle stage. In the end, we relied heavily on 
established relationships and contacts between members of the research team and industry 

                                                      
22 To maintain confidentiality, the names of interview respondents and their respective companies are 
omitted from this report. 

Table 1. R&D expenditures and sales: Interviewed companies and industry totals

Industry

Surveyed 
Companies

All
Industry

Surveyed /
All Ind

Surveyed 
Companies

All
Industry

Surveyed /
All Ind

Surveyed 
Companies

All
Industry

Surveyed Industries
Electronics 1,039           30,408     3.4% 7,654.8          387,956 2.0% 13.6% 7.8%
Biopharmaceutical 509              17,722     2.9% 1,096.0          160,252 0.7% 46.4% 11.1%
Automotive 6,800           20,389     33.4% 170,064.0      612,644 27.8% 4.0% 3.3%
Telecommunications 157              13,085     1.2% 513.7             399,607 0.1% 30.5% 3.3%
Computer Software 273              18,761     1.5% 1,099.4          104,176 1.1% 24.8% 18.0%
Basic Industries & 
Materials 1,078           21,215     5.1% 87,356.0        1,870,478 4.7% 1.2% 1.1%
Machinary & Electrical 
Equipment 540              10,642     5.1% 13,000.0        337,049 3.9% 4.2% 3.2%
Chemicals 2,000           8,548       23.4% 30,000.0        224,992 13.3% 6.7% 3.8%

Subtotal 12,395         140,770   8.8% 310,783.9      4,097,154.8       7.6% 4.0% 3.4%

R&D / SalesSalesR&D Expenditures 
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leaders to select our interviewees. No effort was made to create a random statistically significant 
sample, as this was outside the scope of our study. The small number of firms in our study 
sample allowed us to conduct in-depth interviews with each of our respondents.  

Table 1 compares the R&D expenditures and sales of interviewed firms aggregated by industry 
with industry totals. These data indicate that the firms interviewed are more R&D intensive than 
the average firm in every industry analyzed. Furthermore, for all industries with the exception 
computer software, the interviewed firm with the highest level of R&D intensity was also that 
with the greatest share of ESTD activity. To the extent that a firm’s overall R&D intensity affects 
the share of R&D dedicated to ESTD activities, this difference may imply that our results overstate 
the share of corporate resources dedicated to ESTD activities.  

In our interviews, we made an important distinction between incremental improvements in a 
firm’s core business and out-of-core, radical innovation. As we define it, only early stage research 
outside of the core business qualifies as ESTD. This distinction is subtle, however, and in many 
cases, deciding what activities lie within a firm’s core business and what lies outside is a subjective 
judgment.  Moreover, the operational definition of R&D process terminology like exploratory 
research and process development varies widely across industries and firms. While we made 
efforts to ensure consistency in the way terms were defined and used in our interviews, some 
variation in the way our respondents categorized their research activities was expected. In a few 
exceptional situations, there were clear discrepancies in the way respondents decided what 
portion of their R&D investments to characterize as ESTD work. In these cases, we made slight 
adjustments to the categorizations to be more broadly consistent with our set of definitions. 
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IV. Findings: Corporate ESTD Investments and Activities 

 

ESTD investments are critical to sustaining long-term economic growth, and corporate funds 
represent the largest source of funding for the nation’s ESTD activities. The results of our 
interviews reveal, however, that despite recognition of the value of early stage research, ESTD 
investments are rarely a corporate priority, market incentives to fund ESTD are low, and ESTD 
budget flows are under constant pressure. The quickening pace of technological change, the 
increasing efficiency of capital markets, and the continual demand for profits has forced a shift 
from a technology-forward to a market-back paradigm within many corporations. These 
pressures have created a heavy bias towards product development research activities at most 
firms, at the expense of a more long-term inventive focus. In addition, companies earmark the 
vast majority of its R&D funding to support existing business lines rather than to research new 
technologies that could enable entry into new markets. Increasingly, it is the market that drives 
innovative activity, not the other way around.  

Estimates of Corporate ESTD Investments 

Our research indicates that of the $181 billion invested into research & development by U.S. 
firms in 2000, $13.2 billion funded the kinds of early-stage technology development (ESTD) 
activities that are targeted at bringing radical technological innovations to the marketplace. This 
works out to about 9% of total corporate R&D budgets. The results of our research are 
summarized in Table 1 and Figure 4. 

There are significant variations in ESTD expenditures across industries and between firms within 
specific industries. These inter- and intra-industry variations are shaped by several forces 
including the increasing sophistication required to develop new technological innovations, 
mounting pressures on corporate R&D divisions to demonstrate financial value from R&D 
investments, and the importance of the lifecycle position of specific industries relative to other 
industries and individual companies relative to their peers.  

In 2000, the two firms we interviewed in the chemicals industry invested on average 33% of their 
R&D dollars on ESTD activities, the highest proportion for any group of industry firms that we 
interviewed. These high ESTD expenditures were driven by a common corporate emphasis on 
new technology and market development and by market expectations for frequent innovation. 
The chemicals industry, and to a slightly lesser extent, the biopharmaceuticals industry, rely 
heavily on advances in fundamental research to spur the development of new innovations, and 
thus tend to spend more on early stage research than do other industries. 
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In sheer dollar terms, the largest ESTD spender was the electronics industry. The results from our 
interviews suggest that the electronics industry spent $3.5 billion, or 11% of its R&D, on ESTD 
activities in 2000. Among the firms we spoke with in this highly competitive industry, many 
insisted that while the incentives to exploit and extend existing product lines are powerful, such a 
short-sighted strategy can be perilous. Given the rapid pace of technological change in 
electronics, investments into new lines of research and the pursuit of an innovation-led growth 
strategy are the most viable paths to long-term survival. 

On the opposite end of the spectrum, the computer software industry showed no evidence of 
substantive ESTD activity — a result that may be surprising to some. We found that almost all 
software releases, creative as they may be, are built using well-established technologies and 
programming languages. They are rarely based on truly novel technological innovations—
indeed, most were business model or market innovations. Numerous software industry 
executives provided corroboration for this finding.  

Overall, we found that ESTD spending is concentrated in industries based on quickly developing 
technologies, like electronics and biopharmaceuticals. Mature industries based on well 
established technologies, like the automotive and computer software industries, typically spend 
less on ESTD and focus more of their resources on product development.  

Within individual industries, significant firm-level variations in ESTD spending also exist. A 
firm’s relative lifecycle position, for example, is a key driver of intra-industry differences in ESTD 
investments. Companies in the early stages of their lifecycle are more likely to invest more heavily 
into ESTD than more mature companies who focus instead on promoting existing product lines 
through heavy spending on product development. As companies grow, their technology 
investments become increasingly targeted and disciplined processes are put into place to evaluate 
all research projects.  

Another critical driver of ESTD spending is related to broader corporate strategies. Technology-
centric companies for whom new technology is seen as a source of growth are more likely to 
invest heavily in ESTD than product-based companies for whom technology is a cost center. On 
the other hand, companies seeking to break out of their existing market positions or to 
rejuvenate their innovation resource base may make disproportionate investments into early 
stage R&D relative to their peers.  
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Table 1. Estimated ESTD Spending by U.S. Corporations (2000) 

 

 Average R&D Spending Allocation 
(%) 

R&D Expenditures 
($million) 

 Basic  Concept/
Invention ESTD Product 

Devpmt
Surveyed 

Companies Industry

ESTD 
Expenditures 

by Industry 
(est. in 

$million) 

% Range 
of R&D 
funding 

for ESTD

   

SURVEYED 
INDUSTRIES   

Electronics 0% 5% 11% 84%        1,039 30,408   3,463 0%-40%

Chemicals 3% 28% 33% 38%  2,000  8,548   2,778 25%-40%

Biopharmaceutical 0% 0% 13% 86%  509  17,722   2,373 0%-30%

Basic Industries & 
Materials 0% 5% 7% 87%  1,078  21,215   1,547 0%-15%

Telecommunications 0% 0% 10% 90% 157  13,085   1,305 0%-35%

Machinery & Electrical 
Equipment 0% 0% 10% 90%  540  10,642   1,064 10%

Automotive 1% 3% 3% 93% 6,800  20,389   612 3%

Computer Software 0% 0% 0% 100%  273  18,761   71 0%

SUBTOTAL 0% 4% 9% 86%        12,395 140,770        13,213 

   

NON-SURVEYED 
INDUSTRIES   

Trade  24,929  n/a 

Services  10,545  n/a 

Aircraft, missiles, space  4,175  n/a 

SUBTOTAL  39,649  n/a 

   

TOTAL  180,419 13,213 7.3%

 
Source:  BA&H Analysis; Interviews with Corporations; National Science Foundation and the United States Department of 
Commerce, “U.S. Corporate R&D: Volume 1. Top 500 firms in R&D by Industry Category”, NSF 00-301 



Understanding Private-Sector Decision Making for Early-Stage Technology Development  

 

 18

Key Trends Shaping Corporate R&D and ESTD Investments  

1) R&D Process Evolution: Increasing Complexity of Technology Development 

Most interviewees generally agreed with the classification of R&D into the four-phase innovation 
framework used in our discussions (Basic, Concept/Invention, ESTD, Product Development). 
However, many respondents resisted the linear simplicity of our idealized framework. They noted 
that the actual innovation pathway is frequently much more complicated. The development of 
any innovation can require multiple parallel streams of research, iterative loops through any of 
the four stages, and linkages to developments outside the core of any single company. 

Even when all the technical challenges are solved, there are still external risks that can 
significantly alter the development path of an innovation. The chief technology officer of a large 
machinery manufacturer states: “New product development is based on technologies that are 
largely believed to be proven, but there are still significant risks related to market, channel, and 
other infrastructure development. Companies are sometimes surprised when they find out that 
some technologies turn out to be less developed than anticipated.” 

Rapid advances and the increasing breadth and depth of knowledge available across all scientific 
fields have also contributed to the acceleration of this complexity in recent decades. To many, the 
pathway from scientific invention to commercial innovation has reached the point where the 
process is more web-like than linear.  Consequently, the ability of any one company to develop all 
of the technological elements required to deliver significant advances alone has rapidly 
diminished. According to a disk drive industry executive we interviewed, “As technology 
advances, it costs more to solve successive problems. At some point, solving a new problem is 
beyond the capabilities of any one company.” There are simply too many potential ideas and too 
few resources to go it alone. There was a strong sense among our interviewees that the scale of 
research required to create new innovations has increased as technology becomes more complex. 
But a firm’s ability to capture the full benefits and exploit the full potential of new research has 
not kept pace, making ESTD investment decisions more difficult than ever before. 

2) Pressure for Measurable Results and Financial Returns 

Increased pressure on R&D to deliver measurable results was also cited as a key force that has 
driven corporations almost entirely away from basic R&D, making it difficult to justify many 
activities that do not directly support existing lines of business. One interviewee dubbed this 
trend the “Larry Bossidy approach,” after the famed CEO for whom he worked at Allied Signal. 
“Bossidy was very uneasy with our basic research work because he could not measure the 
expected return of his investment in financial terms.” Projects that did not have clearly 
demonstrable financial benefits were not funded, and the R&D portfolio shifted dramatically 
towards product development.  
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Increased pressures to deliver near term financial results and manage profits to expectations have 
resulted in an increased bias towards the more predictable and more immediate payoff of 
product development, at the expense of earlier stage investment. This increased emphasis on 
predictability of earnings also has created a bias toward a fast follower technology strategy. These 
trends were evident throughout our interviews, regardless of firm size and industry.  

While general investment into earlier stages of R&D has faded, corporations will still 
opportunistically invest in earlier stage development in a more reactive mode, either in response 
to significant threats, or to meet aggressive growth objectives.  

3) Industry and Company Lifecycle Influences 

The final major influence we observed was differences in R&D investment related to industry and 
by company that are in part linked to lifecycle positions. Support levels for ESTD vary widely by 
industry, and by company within specific industries. While the average ESTD investment is about 
9% of corporate R&D spending for all firms, ESTD investments in the computer software 
industry is essentially zero, while for the biopharmaceutical industry, the rate is 13%. Within the 
biopharmaceutical industry, ESTD spending ranged from 0% to 30% of R&D at the companies 
interviewed. 

We believe that the key driver of these differences is the lifecycle position of the industry and the 
individual company.23 More mature industries such as the automotive sector tend to invest a 
smaller percentage of R&D into earlier stages of research than industries at an earlier stage of 
development such as the biotechnology sector.   

However, individual companies may make disproportionate investments in early stage R&D 
compared to their peers as an attempt to breakout of their existing positioning or to rejuvenate 
their innovation resource base. Several companies that we interviewed described how they 
reached a deliberate decision to rebalance their investments toward ESTD after recognizing that 
they were not positioned for growth. In some cases they have managed complete transformations 
out of an historical line of business and into high-tech sectors in which they did not participate a 
decade ago. Monsanto’s move into genetics in the 1980s is a successful example of a company 
making a temporary movement backwards out of a product development focus and into a 
strategy emphasizing basic and ESTD research. 

                                                      
23 It might seem that software is early in its life cycle, not late. However, at the time of this survey, most 
software firms were relying on Internet and web technology as if these were mature, expecting to evolve 
the underlying technology later if needed.  
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Table 2: Breakdown of R&D Dollars by Interviewed Software Companies 

 

Basic Research Concept/Invention ESTD Product Development 

0 % of R&D is spent 
here 

None of the 
interviewed companies 
are involved in basic 
research 

If there is any basic 
research going on in 
the software industry, it 
is being performed by 
academia, government 
institutions or at large 
corporations 

 

0% of R&D is spent 
here 

Our interviewees 
suggest that new 
invention in the 
software industry is 
“non-existent” 

Characteristics of 
software, sited earlier, 
were could explain the 
lack of Inventions 

 

0% of R&D is spent 
here 

Many companies do 
some prototyping when 
creating a brand new 
software product.  

While prototyping 
makes up about 9% of 
total R&D, it is not 
included as ESTD 
since prototyping is 
mostly based on new 
product ideas (driven 
by customer needs), 
not new technological 
inventions 

 

100% is spent here 

All R&D activity takes 
place at this stage 

Activities may include 

– New software 
development 

– Software testing 

– Bug fixing 

– Prototyping new 
functions for a 
product 

– Technical customer 
services 

 

Selected Industry Analysis: Details from the Interviews 

Computer Software 

Few industries experienced the unprecedented expansion enjoyed by the software industry 
throughout the 1990s. Driven by the proliferation of the Internet, whole new types of software 
products and services were introduced and new markets were created. Yet despite this remarkable 
growth, none of our software industry respondents were prepared to state that growth in the 
software industry was fueled by truly new technical innovations.  

Based on our interviews, we found that the incentives and opportunities for invention in the 
software industry have been tempered in recent years. Throughout 1998 and 1999, for example, 
Y2K issues siphoned a significant portion of industry resources away from inventive research. 
More importantly, the emergence of the Internet has required the industry to respond to 
changing customer needs and expectations. Demand for web-enabled software has created 
opportunities for software vendors to generate revenue by selling web-enabled versions of 
existing products.  

The proliferation of new web-based services, while generating important economic value, 
represents a new class of market innovations, relying upon unique value propositions and 
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business models to reach customers in new ways, rather than on new technical inventions.  

Software companies use existing technical tools to help expand functionality. These are not 
technical innovations, strictly speaking. Even today’s most creative software packages are mostly 
built using well-established programming languages and tools. While the configuration of 
programming code in a new software release may be unique and the abilities provided to the user 
may be novel, the fundamental technological basis of most software applications is not extremely 
innovative.  

The introduction of Java, led by the Sun Corporation, is seen by many as one of the few true 
technical innovations in recent years. In contrast, XML (eXtensible Markup Language), is an 
extension of existing web coding standards and is not based on a new invention.  

According to our respondents, the incentive to create new inventions in the software industry is 
small. One software executive explains, “The moment you introduce a software product to 
market, you need to start providing customer support.  So a part of the team that developed the 
product has to be dedicated to support.” Another manager states, “The industry itself demands 
that new versions of old products be introduced into the market at least every two to three years. 
Customers also demand numerous minor enhancements and changes to a product after 
purchase.” 

Within the quickly evolving enterprise resource planning (ERP) market, significant resources are 
still focused on developing interoperability standards between various ERP suppliers. According 
to one senior ERP executive, “within the Enterprise Software space there are so many little 
problems that can be solved at so many different organizations, that we don’t have to worry 
about being in this business for the next fifteen to twenty years.” 

With little incentive for invention or technical innovation, we conclude that even though the 
software industry has created huge economic value in recent years, there is essentially no 
significant ESTD activity within the industry at the moment.  

Telecommunications 

Firms engaged in relatively “new” areas of telecommunications, such as optical networking and 
wireless infrastructure must spend considerable amount of R&D dollars in ESTD to keep up with 
technological change.  But firms outside these new areas focus their resources heavily on product 
development. 

Deregulation of the telecommunications industry has escalated industry competition and 
quickened the pace of technological change. With the emergence of whole new classes of 
competitors to the industry, a proven capacity to innovate has become a prerequisite for any firm 
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Table 3: Breakdown of R&D Dollars by Interviewed Telecommunications 
Companies 

 

Basic Research Concept/Invention ESTD Product Development 

0% of R&D is spent 
here 

None of the 
interviewed companies 
are involved in Basic 
Research.  

 

 

0% of R&D is spent 
here 

Only one company we 
interviewed funded 
research at this stage, 
related to its 
collaborations with 
Navy and Air Force 
labs 

 

 

10% of R&D is spent 
here 

The above number is 
the weighted average 
of ESTD spending 
across all companies 
interviewed. However 
there was significant 
variance across 
companies 

The company that was 
the most active in this 
phase was an wireless 
infrastructure 
technology company 
that spent 35% of it’s 
R&D budget on ESTD 

– The company was 
not yet profitable and 
was in a rapidly 
developing 
technology based 
sector 

 

 

90% is spent here 

Once again, a majority 
of activity takes place 
in the Product 
Development and later 
stages 

Activities in this phase 
revolves around 

– Designing and testing 
network equipment,  

– Designing new 
development 
processes 

– Making the 
equipment fast and 
more reliable 

Many companies that 
are in established 
areas of the 
telecommunications 
market spend ALL their 
R&D dollars in this 
stage 

 

to remain competitive. But given tighter profit margins and shorter product development cycles, 
firms cannot afford to spend lavishly on unfocused R&D.  

At one representative telecommunications firm, only 5 of 270 engineers were charged with 
researching and developing new technologies. Rather than fund expensive in-house early stage 
research labs, many of the firms we spoke with relied on other strategies, including company 
acquisition, technology licensing, and aggressive recruiting of industry experts, to acquire already 
proven technologies and reduce market risk.  

 “Most of the time, the proof of concept work has already been done by these acquired companies 
or hired personnel,” says the chief technology officer of a midsize switching and transmission 
equipment manufacturer. 
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The rapid pace of change in the industry requires short-term planning horizons. One mid-sized 
telecommunications manufacturer reported the need to develop one new marketable idea per 
quarter in order to stay competitive. Another mid-sized telecommunications firm stated that 
R&D goals are limited to a one-year time horizon, while a third noted that any product idea 
requiring more than five years to be commercialized is usually abandoned. 

Academic collaborations also play a significant role in the telecommunications sector. Such 
partnerships are almost always with institutions residing close to firm offices or located in key 
target markets.  These cooperative efforts focus on basic research and serve as idea generators for 
industry, as well as a talent feeder into in-house corporate labs. 

AT&T funds research sites at Cambridge University and UC-Berkeley focusing on network, 
multimedia, and mobile communications. Other examples include the Center for Wireless 

Table 4: Breakdown of R&D Dollars by Interviewed Electronics Companies 

 

Basic Research Concept/Invention ESTD Product Development 

0% of R&D is spent 
here 

None of the 
interviewed companies 
are involved in Basic 
Research.  

 

5% of R&D is spent 
here 

Only one of the 
interviewees (an audio 
equipment 
manufacturer) 
conducts research at 
this stage.  

– The type of activity 
includes research 
into understanding 
how people judge 
subjective 
experiences such as 
audio quality.  

– Then the firm will 
focus on finding and 
understanding 
algorithms from other 
fields that may 
enhance the audio 
experience.  

– “At this stage you are 
not selling anything 
and you cannot 
foresee selling 
anything”.   

11% of R&D is spent 
here 

There is considerable 
ESTD in the industry 

– In the case of the 
audio equipment 
manufacturer, ESTD 
activity includes 
converting new 
algorithm into 
hardware and 
proving that audio 
quality can be 
improved with its 
use.  

– In another example, 
a company used 
existing technologies 
from other firms to 
ensure that it can 
improve the 
graphical quality of 
its flight simulation 
products 

 

 

84% is spent here 

Most activity takes 
place in this and later 
stages 

Companies that have 
established products 
spend most of their 
R&D dollars here, and 
make incremental 
improvements 
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Communications at the UC-San Diego, a cross-disciplinary research and education program 
sponsored by industry participants, and GCATT, a local R&D initiative at Georgia Tech 
University linking local Georgia industry, state government, and academic partners. One 
telecommunications executive spoke of the challenges facing joint ventures with academic 
partners. “We would prefer to do less ground-breaking and risky work, but most professors are 
not interested in partnering with us unless we are doing cutting-edge research.” 

 

Electronic Component Manufacturing 

According to our interviews, early stage research activity in the electronic component 
manufacturing industry is relatively robust, driven by high consumer demand for innovation and 
intense industry competition. That being said, the vast majority of research activity in the 
electronic components industry is focused on improving existing electronic components or using 
existing technology to create components for new devices — not on groundbreaking new 
innovations that disrupt old markets and create new ones. 

In areas where scientific knowledge and technology are well-established, early stage research is 
low, as in the case of a producer of board-level I/O products for computers. According to its VP 
of engineering, “Point to point signal delivery is a very fundamental science, and since the format 
of the signals does not change even if the devices at the end points change, our firm does not have 
to do major research to stay in business.” 

A leading manufacturer of graphics processors notes that it is able to rely on academic research to 
provide the inputs for many of the advances in its new products. Its research engineers get most 
of their ideas sourced from public domain papers presented at annual academic conferences and 
work on developing 3-D rendering algorithms based on these concepts.  

For most electronic component manufacturers, industry competition and diminishing gross 
margins place enormous pressure on R&D budgets, necessitating new strategies to distribute 
research costs and minimize risk while capturing the fruits of early stage research. 

According to the CEO of a large company with R&D expenditures in excess of $500 million, “The 
traditional corporate model of R&D is dead. The centralized Edison and GE labs model was 
efficient when technology was less complex. But today, technology is too complex to justify 
development for use by just one firm. As a result, industry labs have become product 
development and enhancement labs, with less emphasis on developing truly innovative 
technologies.” 

Even a large computer equipment manufacturer with revenues of $2.0 billion cannot afford to do 
all of its own research. The company’s senior vice president noted, “Only very large companies 
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with deep pockets like IBM can afford to generate all the science needed to drive its supply chain. 
So we are ‘virtually vertically integrated.’ We work closely with our supplier network to identify 
technologies to be pursued or science to be developed. We also share costs of developing new 
technologies.” 

An executive in the highly competitive disk drive industry said, “the products we sell are highly 
commoditized in today’s market and gross margins are too small to allow any one company to 
drive the R&D effort alone.” 

Automotive Industries 

Because of the relatively high initial investment required to purchase an automobile, most 
consumers are slow to adopt new automotive technologies. Partly as a result, automobiles have 
evolved slowly through waves of incremental technological improvements, punctuated by the 
occasional radical innovation. 

The surplus of power created by the development of the high-compression engine allowed 
vehicles to grow in size and weight and encourage a broad new set of technologies. Some of these 
incremental improvements included the introduction of automatic transmission, air 
conditioning, electric seats and windows, dual headlamps, and wider, softer-riding tires. 

The advent of the microprocessor, imported from the electronics industry, created the next 
major wave of technological upgrading. Some key developments that emerged were the 
development of sophisticated engine control modules and the ability to integrate engine control 
with power train and chassis electronic systems. 

According to an executive at one of the Big Three automobile manufacturers, their large revenue 
base allows significant R&D investments across the spectrum, including at the early concept and 
invention as well as ESTD stages. “But we do not do nearly as much basic science research as we 
did when our company’s original central research lab was created in the 1950s,” he says. 
Motivated by a growing focus on more reliable and profitable products, the vast majority of their 
research is targeted at product development. Also, given the importance of design and form in 
the automotive industry, a significant portion of R&D efforts is driven by design-related needs. 
Still, he notes, the large number of patents and licensed technologies owned by the company is 
indicative of the company’s commitment to early stage research.  

The time horizon for new R&D initiatives is also significantly longer in the automotive industry 
than in other industries. According to our interviewee, long range projects have timelines of 
about 10 years to production, while short range projects often have timelines of 3 to 5 years. 
Research projects are assessed against measures of risk and opportunity, with most projects being 
medium risk, medium opportunity. In recent years, research goals have focused on 
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environmental regulation and fuel economy issues. Fuel cell research, for example, is a high risk, 
high opportunity project for the firm. 

Biopharmaceuticals 

The biopharmaceutical industry spends 12% of sales on research and development activity, more 
than any other industry in the United States. 

Biopharmaceuticals include all companies are involved in biotechnology research, gene mapping, 
and genomic-database building to identify & characterize the expressed genes of the human 
genome as well as companies engaged in the discovery, development, and production of drug and 
drug-related technologies. 

The process of drug discovery itself is well understood and has been fine-tuned over many years. 
Incremental improvements are targeted primarily at reducing the fall-off rate of drug candidates 
at each stage of the discovery process. Very long product development cycles, high upfront 
development costs, and an unpredictable rate of success limits the ability of maturing firms in the 

Table 5: Breakdown of R&D Dollars by Interviewed Automotive Companies 

 

Basic Research Concept/Invention ESTD Product Development 

1% of R&D is spent 
here 

A portion of basic 
research spending 
funds long term 
research grants to 
universities 

The auto company we 
interviewed has 5 
major laboratories that 
employ scientists with 
doctoral degrees and 
engage in basic 
research that has 
immediate relevance to 
the auto industry 

– An example is 
research to 
understand and 
predict properties of 
basic materials 

3% of R&D is spent 
here 

According to our 
interviewee, basic 
research often yields 
concepts useful to the 
core auto business.  
Spending in this stage 
goes towards trying to 
build a lab version of 
the product 

 

3% of R&D is spent 
here 

Only a small portion of 
R&D is targeted at 
bringing radical 
inventions into the 
automobile.  

– An example cited 
here is the 
conversion of a 
vehicle’s structure 
from steel to 
aluminum 

– Another example is 
building and testing 
methods of driving 
engine valves with 
electro-magnetic 
waves instead of 
conventional tools 

 

93% is spent here 

The majority of dollars 
is spent on improving 
existing technologies, 
including enhancing 
vehicle design, and 
streamlining 
development and 
engineering activities. 
Design and 
development of 
manufacturing plants 
are also included here.  
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biopharmaceutical industry to spend on ESTD work to develop new products. For many young 
firms, bringing their one core founding idea to market is the only goal that matters.  

The companies we interviewed were relatively small companies, founded around a single product 
idea (or a handful of closely-related products). Early on, significant resources were targeted at 
proof-of-principle and reduction-to-practice activities. They stated that a considerable amount of 
R&D money was devoted to ESTD work in the years immediately following the founding of the 
company. Today, these firms are focused on developing their products for clinical trials and 
market introduction. 

Table 6: Breakdown of R&D Dollars by Interviewed Biopharmaceutical 
Companies 

 

Basic Research Concept/Invention ESTD Product Development 

0% of R&D is spent 
here 

None of the 
interviewed companies 
are involved in Basic 
Research.  

 

0% of R&D is spent 
here 

None of the companies 
are involved in 
Invention at present.   

  

 

 

13% of R&D is spent 
here 

ESTD activity is 
concentrated in 
companies who have 
perfected a product or 
technique and are 
trying to extend it to 
new products and 
situations.  

– In the case of the 
inhaleable drug 
manufacturer, ESTD 
activity is focused on 
creating other 
inhaleable 
molecules.  
“Molecules are all 
different. Even if you 
get this to work on 
one molecule, 
getting it to work for 
another is really 
tough”.  Therefore 
the technical 
uncertainty of the 
research is sufficient 
to classify it as ESTD 

87% is spent here 

The majority of the 
spending in this stage 
is on clinical trials for 
new drugs 
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The chief scientific officer of a young developmental stage biotech firm told us, “We spend the 
vast majority of our research money on product development as opposed to ESTD type work. 
But two to three years ago, that ratio was reverse.” After developing the initial concept for a novel 
vaccination treatment, the idea had to be proven at the manufacturing level. Logistics had to be 
worked out for complicated procedures ranging from procuring uncontaminated diseased tissue 
samples from around the world to developing economical manufacturing processes for the 
vaccinations. With many of these operational and logistical challenges worked out, the firm is 
now heavily focused on developing the product for clinical trials.  

The firm’s R&D budget has reached 25% of their burn rate, with nearly all of that targeted at 
developing their vaccination products for market entry. With no profitable revenue streams yet, 
R&D investments must be consistent with the firm’s very sharp focus. There is little money for 
new “blue sky” research and no latitude for high-risk early stage research out of the firm’s core 
business. 
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Figure 4. Estimated ESTD Spending by US Corporations 

ESTD investments are concentrated in a handful of industries… 
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Source:  BA&H Analysis, Interviews with Corporations, National Science Foundation and the United States Department of 
Commerce, “U.S. Corporate R&D: Volume 1. Top 500 firms in R&D by Industry Category”, NSF 00-301 
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V. Emerging Corporate Strategies and Responses 

 

While the fraction of corporate R&D dollars devoted to ESTD investments is small, the market 
pressure to innovate weighs heavily on the backs of all technology firms. During our interviews, 
we discovered emerging responses and strategies being used by corporations to strengthen their 
innovative capacity, even in the face of systemic pressures that bias corporate focus away from 
long-term, early-stage research. 

Portfolio Management Models 

Most of the companies we interviewed used a formalized R&D portfolio management process to 
select, balance, and manage R&D investments. According to many of our respondents, these 
portfolio management strategies often favored projects that met near-term research and product 
delivery goals. Only occasionally were managers required to reassess the balance of projects 
within their R&D portfolio, particularly as they hit discontinuities in the expansion of their core 
businesses.  

Several respondents described deliberate efforts to restructure their R&D portfolio by increasing 
the allocation of funding to earlier stage basic and ESTD work after discovering that they had 
allowed their technology portfolio to swing too far towards the product development end of the 
spectrum. The vice president of R&D for a $30 billion chemicals company noted, “In the mid-
1990s, our R&D portfolio was skewed heavily towards value preservation and product 
development investments. These made up two-thirds of our R&D spending.” Recognizing the 
danger of not investing in projects that would open up new markets and rejuvenate its 
innovation base, the firm took stark action to reverse the trend. Today, 40% of R&D is targeted at 
ESTD activities, and another third is aimed at earlier stage concept/invention work. 

While no two companies used the exact same approach to managing their R&D portfolios, 
several common elements were apparent. These include the definition of a set of technical core 
competencies to guide investment decisions, the splitting of funding control between business 
units and a central corporate organization, and the discretionary allocation of limited funds to 
foster new ideas (e.g., senior scientists with slush funds, central investment fund dedicated to 
long term investments). Many also had established dollar or percentage spending targets for 
specific types of investments and used a classification system similar to the four-step model in 
Figure 1 or other original classification schemes. Overall, the companies that appeared most 
active in investing in earlier stages of R&D appeared to have more formal mechanisms in place to 
sustain this type of funding. 
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Alliances, Acquisitions, and Venture Funds 

Corporate innovation strategies are increasingly extending beyond traditional corporate and 
industry boundaries. On numerous occasions, alliances, acquisitions and other external ventures 
were cited as a common way of maintaining access to a steady flow of new technologies and ideas, 
while holding back research infrastructure costs and risk. A senior executive at a $16 billion 
consumer products company told us, “We see no need to re-invent good research. We are always 
prepared to acquire technology from external sources, when it makes sense.”  

The companies interviewed also indicated that they have become increasingly focused and 
methodical in their selection of partners and technology rights. Adopting a market-like approach 
to acquiring new innovations as opposed to developing them internally helps limit the scale of 
R&D required to sustain their organization while allowing them to pay for only the portion of the 
ESTD activities they intend to use. 

Several different types of partnership are typically pursued, each with differing objectives. Most 
outright acquisitions or licenses of earlier stage technologies result from interactions with other 
corporations or start-ups. An alternative is to form some form of alliance, such as a joint venture 
with these types of partners. 

Most interviewees also indicated that they had partnerships with university laboratories.  These 
interactions can be somewhat broader than an outright alliance, but are generally targeted at 
providing a window into more basic or concept-level research in specific fields of interest. Several 
interviewees indicated that they have become much more targeted in these investments, and tend 
to be more interested in establishing relationships with specific professors or scientists rather 
than an academic department or entire school. Government laboratories also occasionally serve 
as partners, but they typically lack the infrastructure to partner effectively with corporations. 
According to one senior executive we spoke with, “Scientists at government labs have good 
intentions, but no real business support. This tends to result in unrealistic expectations and 
makes the process of negotiating an agreement difficult.” 

Another form of alliance that was frequently mentioned was relationships with venture funds.  In 
some cases, an internal venture fund was formed to help profit from and foster start-ups in fields 
of interest to the company. Alternatively, companies invested in established private funds, 
securing the rights to actively benefit from offerings of potential commercial benefit.  

Outsourcing of Early Stage R&D: ESTD Engines for Hire 

An alternative strategy used by corporate R&D managers to mitigate risk and maintain firm focus 
while continuing to explore new opportunities is a growing reliance on outsourcing of early stage 
research.  
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The chief technology officer of a large machinery manufacturer told us, “as a result of the de-
emphasis of earlier stage R&D investments and the move to a more conservative investment 
posture by most established firms, the responsibility for developing breakthrough technological 
advances rests disproportionately on the shoulders of startups and universities.” This trend was 
noted by many of our respondents. A senior machinery industry executive cautioned however, 
“Sourcing ESTD and earlier stage R&D from the outside works well for discrete technologies and 
small, very-focused inventions. But coordination becomes enormously difficult with larger 
projects requiring infrastructure or business model changes.” 

We spoke with one firm that specializes in contract R&D work for other large firms. The 
company had been the corporate R&D arm of a Fortune 500 firm, but was spun out as a private 
entity and now concentrates on early stage research work on behalf of other firms. Nearly 80% of 
its R&D expenditures are allocated to ESTD type research. Essentially, it has become an ESTD 
engine for its client companies. According to the CEO, “Our strategy is to leverage our 
capabilities in electronics, optics, and other high-tech areas by linking development and taking 
them to a wide range of markets.” Since it is not captive to the same narrowly-tailored business 
priorities of its individual clients, it can exploit benefits of scale and scope of its ESTD work by 
structuring its relationships to maintain rights in fields that are not of interest to its clients.  The 
CEO explains why ESTD work is so attractive to the firm: “The apparent commercial potential 
for ESTD projects is often not large enough to attract VC or corporate support. But what looks 
like a very narrow market niche at the ESTD level can become broadly applicable as the 
implications of the research unfold.” As it develops new technologies through its research, the 
firm then either licenses or commercializes products in these new areas to other firms looking to 
acquire new technologies.  
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Appendix: Industry Classifications  

 

Computer Software 
Prepackaged Software 
Multiple & miscellaneous computer and 

data processing services 

Telecommunications 
Communications Services (phone, satellite, 

cable) 
Computer Networking Communications 

Equipment 
Modems & other wired telephone 

equipment 
Radio, TV, cell phone & satellite 

communication equipment 

Electronic Component Manufacturing 
Computer boards, cards and connector 

products 
Test and Measurement Instruments 
Semiconductors 

Automotive Manufacturers 
Transportation equipment 

Biopharmaceuticals 
Pharmaceuticals and medicines 

Medical equipment and supplies 

Basic Industries & Materials 
Beverage and tobacco products 
Textiles, apparel, and leather 
Wood products 
Paper, printing and support activities 
Petroleum and coal products 
Plastics and rubber products 
Nonmetallic mineral products 
Primary metals 
Fabricated metal products 
Furniture and related products 
Mining, extraction, and support activities 
Utilities 
Construction 
Transportation and warehousing 

Machinery & Electrical Equipment 
Machinery 
Electrical equipment, appliances, and 

components 

Chemicals 
Basic and other chemicals 
Resin, synthetic rubber, fibers, and filament 
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