Globalization of R&D by
US MNCs: Implications
for US Prosperity

Public discussion and media reports about the National Science Foundation
(NSF) report in 2012 on the global spread of research and development (R&D)
used verbs that convey worry and concern. US companies are “shifting” labora-
tories to Asia. The US economy is “losing” R&D jobs. The US lead in science and
technology is “rapidly shrinking.” Other economies are “catching up.” Asian
nations are “matching” the United States in R&D investment. Engineering jobs
that American multinational corporations are creating on campuses in India
and China are “never coming back.” Even the chairman of the NSF committee
that produces the biennial report described the findings as “troubling.”!

The NSF report mirrors publications from other entities—ranging from
the Defense Science Board to the US-China Economic and Security Review
Commission—in adopting a relentlessly zero-sum approach to both the loca-
tion of R&D facilities and the distribution of benefits from R&D conducted
abroad.

There are many reasons for the United States to want R&D expenditures
of all MNCs (not just US MNCs) to take place in the United States. Direct
benefits include breakthrough innovations, production process improve-
ments, and quality advances for both goods and services in the US economy,
accompanied by economies of scope and scale (clustering effects). Indirect
benefits include spillovers in both horizontal and vertical directions—in other
words, external benefits conferred on other firms, workers, and communities
across America. High-paying jobs are present throughout.

1. See the chairman’s comment in the press release for the 2012 report at www.nsf.gov/news/news_
summ.jsp?cntn_id=122859 (accessed on March 25, 2013).
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The contemporary debate about the globalization of R&D expenditures
by US MNCs, however, involves the same two implicit assumptions that were
explored in the previous chapter about production, exports, and capital expen-
ditures. The first assumption, once again, is that external R&D expenditures
by US multinational firms substitute for domestic R&D expenditures. The
second is that greater amounts of R&D activity abroad confer little benefit to
the United States and might actually undermine US prosperity.

Since these assumptions are almost taken as given, there has not been
much acknowledgment or investigation of the idea that external R&D expen-
ditures may complement and support domestic R&D and production activity.
Nor is there much recognition that new laboratories, R&D campuses, and
engineering graduates abroad (whether in Germany and Great Britain or India
and China) can help to raise living standards in the United States. Nowhere is
attention devoted to the appropriate counterfactual scenario.

This chapter offers a novel framework for analysis and policy recommen-
dations. Other than enhancement of specific military capabilities, do stronger
R&D capabilities in other countries damage the United States? How might the
expansion of R&D activities abroad, including the training of large numbers
of engineers and scientists, help raise living standards in the United States?

This chapter once again makes extensive analysis of Bureau of Economic
Analysis (BEA) data. It also includes detailed case studies that might be partic-
ularly useful in painting a picture different from the zero-sum conceptualiza-
tion of R&D that predominates in casual discussion of globalization.

The case studies provide practical examples showing that global R&D
expenditures and operations of US MNCs may create complementary capabili-
ties and interdependent competencies, rather than simply displacing one capa-
bility or competency from location A to location B. One example is General
Electric Healthcare’s Magnetic Resonance Imaging Laboratory team oper-
ating between the Niskayuna, New York campus, and the Munich, Germany,
campus. The team jointly operates four whole-body scanners that have created
major innovations in magnetic resonance imaging (MRI), allowing exceptional
anatomic investigation involving the brain, spine, and musculoskeletal system.
The synergy between the two research centers has generated spillovers that flow
back to the United States. GE’s Munich labs provided the initial insights that
led to 32-channel, then 64-channel, then 128-channel imaging. This research is
now incorporated into the high-end premium MRI equipment that is designed
and built in the United States.

It may seem counterintuitive that the creation of new offshore R&D facili-
ties could increase the amount of R&D carried out in the United States, but
that is what case studies sometimes show. The creation of an R&D campus
in Chennai, India, has allowed Caterpillar to create a 24-hour R&D cycle on
engine propulsion and pollution control. The capital-intensive Caterpillar
engine labs in Peoria, Illinois, operate two shifts with hundreds of channels
of temperature, pressure, and emissions data to map diesel performance and
emissions. These streams are sent overnight to Chennai, where the data are
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analyzed and returned to Peoria ready for the US engineers when they come to
work the next morning. The chief technology officer of Caterpillar points out
that the cost for the engine tests would be much greater if Caterpillar instead
had a third shift working in the United States, making the company’s overall
R&D process less efficient and leaving less room for US engineers to exercise
their comparative advantage. Using the growing Indian talent pool affects US
operations positively by increasing the through-put and lowering the cost of
the asset-intensive US test facilities. Round-the-clock interactions between
Caterpillar’s Indian and US test facilities help ensure the company’s interna-
tional market leadership position, while enabling headquarters to hire more
US engineers.

Another discovery from the case studies is that the establishment of R&D
facilities outside the United States may stimulate the development of goods
and services for markets that do not have the same characteristics as the US
market, enabling US MNCs to gain market share in those non-US markets.
Caterpillar engineers in Chennai observed that the Indian market demanded
a variant of the backhoe loader called a side-shift loader. The Chennai center
carried out the design work for the side-shift loader, which is now sold around
the world, although more in developing countries and in the European Union
than in the United States (where this design is seldom used).

GE Healthcare engineers working on high-end electrocardiogram (ECG)
systems in India were eager to create a product that was designed and priced for
use across the wider Indian population—that is, an ECG machine that matched
the economic and infrastructural realities of the country. They designed an
ECG machine for a largely rural and poor population. The result is highly
portable, can be easily carried to a patient’s home, has a two-button operation
that makes training faster, and can operate on battery in villages where the elec-
tricity supply is not dependable. This portable ECG machine costs a fraction
of the high-end machine, with very little reduction in capability for most uses.

These case studies are consistent with emerging theoretical and empir-
ical evidence on FDI by US firms. New trade and investment analyses of firm
behavior at the micro level can shed light on the location of R&D capabili-
ties. The predominant benefits from international trade and investment flows
come not just from slow-moving, one-time shifts in comparative advantage
according to inherent factor endowments. Rather, the benefits also come
from sorting and shifting within individual firms and industries in response
to competitive pressures for innovation and cost reduction. How does this
phenomenon—widespread across inputs, final products, and finance—affect
the analysis of R&D location?

Recent theories of MNC production have moved away from broad char-
acteristics of countries and industries to instead focus on the division of labor
within a firm and across borders. Management innovations and technological
developments have made it increasingly feasible, and in many cases optimal,
for firms to divide production into a series of tasks and then perform different
tasks in different countries.

GLOBALIZATION OF R&D BY US MNCs 29

© Peterson Institute for International Economics | www.piie.com



In these new understandings of how FDI operates, investment responds
to the cost of separating tasks across borders, which in turn depends on tech-
nology, the relative need for production teams to be co-located in the same
physical area, the skills and abilities of workers, the institutions of the coun-
tries in which production occurs, and the overall productivity level of the firm.?

These more sophisticated perspectives on FDI do not negate the impor-
tance of comparative advantage. Instead, they focus on a more nuanced
concept of comparative advantage that can occur within firms as well as
across countries and between different tasks required for the production
of a single good or service rather than exclusively at the level of final prod-
ucts. In traditional models, comparative advantage arose from relatively
static endowments of conventional factors such as land, labor, and capital.
In today’s more dynamic global environment, comparative advantage comes
from relative strength in performing individual tasks. In the case of R&D,
more abstract concepts—such as intellectual property protection, the ability
of firms to innovate, and the capacity of workers to think creatively and solve
problems—all contribute to comparative advantage not just across countries
but also across firms.3

Even within the broad category of R&D, it is still possible for firms to
exploit dynamic gains and increase their overall productivity by dividing R&D
tasks across borders. For example, Lee Branstetter and C. Fritz Foley (2010)
used patent data to study the R&D conducted by US firms in China and
discovered that the activities performed there were very different from those
that took place in the United States. First, patent activity in China is very low.
In 2006, only 120 US firms had been granted patents for which at least one
of the inventors was located in China. Of those US firms that had patenting
activity in China, only about 1 percent of their annual patenting activity in
2006 took place in China. In addition, value added by Chinese affiliates of
US firms continues to be very low. Together, these patterns suggest that the
US-based activities consisted of high-value knowledge generation and the
creation of new products. By contrast, R&D in China was more focused on
development than on research and consisted primarily of tweaking existing
designs so that they were suitable for production in Chinese factories and for
sale in markets outside the United States.

Data from the BEA can help illustrate how these forces play out for US
MNCs. Figure 4.1 tracks the R&D spending by US MNCs, both at home and
abroad, from 1997 to 2010. The amount of R&D performed at foreign affiliates
of US firms increased by $25 billion over this period. Yet spending on R&D by
these firms inside the United States increased by $106 billion over the same time
span. R&D spending in the United States still accounts for about 84 percent

2.See Baldwin and Robert-Nicoud (2010); Grossman and Rossi-Hansberg (2008); Antras, Garicano,
and Rossi-Hansberg (2006); Markusen (2006); and Leamer and Storper (2001).

3. See Antras, Garicano, and Rossi-Hansberg (2006); Levchenko (2007); and Oldenski (2012).

30 OUTWARD FDI AND US EXPORTS, JOBS, AND R&D

© Peterson Institute for International Economics | www.piie.com



Figure 4.1 R&D by US MNCs at home and abroad, 1997-2010
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Note: Data are for nonbank US parents and nonbank majority-owned affiliates of US firms. Figures for 2010 are
based on preliminary data releases.

Source: Bureau of Economic Analysis, www.bea.gov.

of total global R&D spending by US MNC:s. This pattern suggests that while
R&D spending has increased at foreign affiliates, MNCs still perform the vast
majority of high-skilled activities in the United States.

The globalization of R&D by US MNCs has been a source of concern above
and beyond overall multinational expansion. Because R&D is a high-skilled
activity, its global expansion has been viewed by some as a sign that outward
investment by US MNCs is moving away from low-skilled assembly work into
areas where US workers have traditionally enjoyed a comparative advantage.
Yet the expansion of R&D at foreign affiliates is also associated with positive
employment and production outcomes for US workers.

Figure 4.2 shows the results of the empirical analysis described in chapter 3
as it applies to R&D performed by US MNC:s at their foreign affiliates. Foreign
expansion of R&D is still small (figure 4.1), but it is positively and significantly
associated with the expansion of R&D, capital expenditures, exports, sales, and
employment in the United States. As with other activities of MNCs, outward
expansion of R&D is a complement to, not a substitute for, domestic activities.

What is also striking in the data is the discovery that firms that do not in-
crease their R&D abroad do not increase it at home, either. It is not possible to
know the true counterfactual. However, because this analysis looks at changes
over time within each firm, the evidence suggests that if US MNCs were to re-
duce their foreign R&D due to policy restrictions or other factors, then R&D,
capital expenditures, exports, sales, and employment in the United States would
likely fall as well.
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Figure 4.2 Greater foreign expansion of R&D is associated with
increased domestic activities of US MNCs

Capital expenditures in the US _ +1.2
Exports from the US _ +0.8
US sales - +0.6

percent

US employment +0.6

Note: All results are statistically significant at the 1 percent level. See appendix A for a more detailed regression
table.

Source: Based on regressions using firm-level data for 1990-2009 from the Bureau of Economic Analysis, www.
bea.gov.

The following three case studies illustrate the kinds of complementari-
ties that are captured within the aggregate data. They benefit from access to
internal data and highest-level technology management in Caterpillar and GE
Healthcare, but they cannot be assumed to be representative of all other US
MNCs.

Case Study 1: Caterpillar’s Next-Generation Power Trains
and Engine Emissions and Efficiency*

With 2011 sales and revenues of $60.1 billion, Caterpillar is the world’s leading
manufacturer of construction and mining equipment, diesel and natural
gas engines, industrial gas turbines, and diesel-electric locomotives. R&D at
Caterpillar is the means by which the company identifies, creates, and perfects
the technologies and solutions that help its customers be successful. R&D is

4. The authors thank Tana Utley, Caterpillar’s vice president and chief technology officer, and her
staff for help with the materials upon which this case study is based.
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powered by the Caterpillar engineering community of more than 8,000 highly
skilled technical experts around the world, including 250 PhD-level scientists
and engineers.

Caterpillar divides R&D into three principal categories. The first is applied
research on products that are typically one new cycle away from introduc-
tion (usually 5 to 10 years). This category also includes the development of
new engineering tools. The second is new product introduction, which can
be an incremental improvement to an existing product or a new offering that
provides improved features and benefits to the customer. The third category
is continuous product improvement, which is oriented toward improving reli-
ability in existing products.

Caterpillar business units have decision making rights regarding spending
on new product introduction and continuous product improvement, aligning
how much they want to spend on incremental improvement and on improving
reliability of existing products with the market goals of their unit. Caterpillar’s
chief technology officer is the corporation’s overall decision maker for applied
research on next-cycle products that are 5 to 10 years from the market.

Two of the most important categories of Caterpillar R&D are next-gener-
ation power trains and engine emissions and efficiency. Looking to the future,
hybrid technology is a category of growing interest.

Power trains provide and transmit the power required to propel machines
from place to place. Primary power is normally provided by an internal com-
bustion engine followed by a variety of “power transmitters” constituting the
drivetrain. These may include planetary or countershaft mechanical trans-
missions, continuously variable transmissions, hydraulic pumps and mo-
tors, electric generators and motors, differentials, axles, and final drives. How
Caterpillar configures these components is determined by how the machine
will be used and what the customers require for their business success. These
parameters inform power train research—how to minimize the cost of per-
forming the work by reducing efficiency losses while improving reliability, du-
rability, and performance.

Engine research at Caterpillar is focused on increasing the efficiency of the
diesel engine to address robustness to fuel variations, low emissions, fuel effi-
ciency, low product cost, suitability to world markets, durability, and reliability.
Caterpillar researchers continue to evolve the basic building blocks of combus-
tion processes, fuel systems, air systems, electronics, and after-treatment, while
pursuing the increased-value opportunities that come with integration of these
elements into system solutions. In addition, Caterpillar continues to design
and develop advanced engines, including higher cylinder pressures, increased
engine rating capability, and lower cost.

Caterpillar has R&D Proving Grounds in Peoria, Illinois, and Ono, Japan.
The company has an engine development lab in the United Kingdom and
does engine design work in Germany, the United Kingdom, and the United
States. These facilities are complemented by an Engineering Design Center in
Chennai, India, and an R&D Center in Wuxi, China. The hands-on skills of
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university graduates in India and China are poorer than their developed-world
counterparts. Chinese and Indian universities may not be placing sufficient
emphasis on teamwork and independent initiative, so Caterpillar has devel-
oped special training programs to supplement these skills and enable these
engineers to make a larger contribution to the company’s R&D base.

The R&D Center in Wuxi, China, supports market share growth in China
as well as sales of Caterpillar products in Asia. The challenges of protecting
intellectual property in China will ultimately adversely impact the company’s
ability to do more R&D there.

The Engineering Design Center in Chennai originally exploited the trade-
off between cost and quality, using less-expensive Indian technicians to do
less-sophisticated engineering services. Over time, the center has outsourced
the less-sophisticated work to other Indian firms while raising the skill level of
the center’s personnel. Caterpillar rotates US R&D personnel through 3- to 12-
month training assignments abroad and also deploys US trainers and facilitators
at overseas operations. It should be noted that what Caterpillar calls its “interna-
tional service employees” are extremely expensive, since they require relocating a
US citizen abroad with a significant pay premium, plus coverage of housing and
sometimes family expenses such as education allowances for children.

A particularly valuable contribution from the Chennai facility is overnight
processing to complement the activities of Caterpillar’s R&D in the United
States, allowing a 24/7 R&D cycle within the company. The capital-inten-
sive engine lab in Peoria may operate two shifts with hundreds of channels
of temperature, pressure, and emissions data to map diesel performance and
emissions. These streams are sent overnight to Chennai, where the data are
analyzed and returned to Peoria ready for US engineers when they come to
work the next morning. The cost for the engine tests would be much greater
if Caterpillar instead were to have a third shift working in the United States,
which would make the company’s overall R&D process less efficient and leave
less room for US engineers to exercise their comparative advantage. Use of the
growing Indian talent pool affects Caterpillar’s US operations quite positively
by increasing the through-put and lowering the cost of the asset-intensive US
test facilities. The round-the-clock interactions between Caterpillar’s Indian
and US test facilities help ensure the company’s international market leader-
ship position, thus enabling its headquarters to hire more US engineers.

The Chennai facility now does more sophisticated engineering work that
does not need to be done next to the supply or consumer base. This work
includes higher-end analysis and design work for Caterpillar equipment. Some
product innovation carried out in Chennai is beginning to affect US-based
designs. A low-cost but sturdy implement built for the Indian market is now
being incorporated into US-made equipment. The Chennai campus has also
become a “Center of Excellence” for time-intensive computer simulation of
how to design a new plant or how to retool a new line for a new machine,
regardless of where Caterpillar might ultimately locate the new plant or the
retooled line, including back in the United States.
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Table 4.1 Caterpillar's R&D expenses
and spending, 2007-11

Total R&D R&D spending
expenses (percent of
Year (millions of dollars) total revenue)
2007 1,404 3.1
2008 1,728 3.4
2009 1,421 4.4
2010 1,905 4.5
2011 2,297 4.0

Source: Caterpillar, Inc.,, www.caterpillar.com.

Similarly, when the Indian market demanded a variant of the backhoe
loader called a side-shift loader, the Chennai center conducted the design work.
The side-shift loader is now sold around the world, though more in developing
countries and in the European Union than in the United States.

Table 4.1 shows Caterpillar’s aggregate R&D spending from 2007 to 2011.
In terms of the distribution of R&D personnel, in 2012 Caterpillar had some
8,500 degree-holding engineers, including approximately 1,000 in India and
700 in China.

Case Study 2: General Electric Healthcare’s Diagnostic
Imaging Business®

General Electric has five Global Research Centers: the global headquarters
of GE Global Research in Niskayuna, New York; the Center for GE Global
Research-Europe near Munich, Germany; the John F. Welch Technology
Center in Bangalore, India; the China Technology Center in Shanghai; and
the Multidisciplinary Research and Development Center under construction
in Rio de Janeiro, Brazil. The Global Research Centers are multi-industry and
multidisciplinary, with competencies that range from aerothermal research
to advanced materials, electrical and chemical engineering, software develop-
ment, and healthcare R&D.

General Electric spent between $3.1 billion and $4.6 billion on R&D
annually between 2008 and 2011 (table 4.2). Included among those totals, GE
Healthcare alone spent approximately $800 million on R&D each year.

One of GE Healthcare’s most successful and competitive product areas
involves diagnostic imaging technologies that include MRI systems. MRI
equipment not only gives doctors and researchers a far higher resolution than

5. The authors thank Mike Harsh, GE Healthcare vice president and chief technology officer, and
his associates for providing the materials upon which this case study is based. The General Electric
Foundation partially supported the research underlying this volume.
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Table 4.2 Evolution of General
Electric’s aggregate

spending on R&D,
2008-11
Year Billions of dollars
2008 3.1
2009 33
2010 3.9
2011 4.6

Source: General Electric, www.ge.com.

traditional X-rays but also provides three-dimensional cross-sectional images
that can significantly reduce the need for exploratory surgery and its attendant
risks. MRI capabilities have also changed the way physicians and researchers
follow cancers and the response of cancers to therapy.

GE Healthcare’s Magnetic Resonance Imaging Laboratory team operates
three 1.5 tesla scanner and one 3.0 tesla whole-body scanner in the Niskayuna,
New York, and Munich, Germany, campuses. Tesla is the unit of measurement
quantifying the strength of a magnetic field. MRI signals are extremely weak
because they emanate from a relatively small number of protons. A key objec-
tive is to maximize the signal-to-noise ratio, which is dependent on a number
of fundamental parameters such as in-plane resolution, number of excitations
(or signal averages), proximity of receiver coils, and field strength. The first
1.5 tesla whole-body scanner with a high enough signal-to-noise ratio to be
effective was developed in Global Research’s MRI lab in Niskayuna in 1983.
This revolutionary breakthrough has been followed by major innovations in
magnetic resonance, including phased array coils, folded gradient coils, phase
contrast imaging, and 32-channel and 128-channel receiver systems. Today the
MRI team operating in Niskayuna and Munich is able to uncover exceptional
anatomic detail that allows assessment of pathological conditions involving
the brain, spine, and musculoskeletal system.

Assembling the base for GE’s success in diagnostic imaging techniques
such as MRI systems and hardware has involved both internal expansion
and external acquisition. For example, GE Healthcare’s first US MRI plant in
Waukesha, Wisconsin, in 1983 required an investment of nearly $10 billion,
with construction of a separate facility to produce GE’s own magnets shortly
thereafter. Much of GE Healthcare’s expansion, however, was built upon acqui-
sitions of operating companies, allowing GE Healthcare to take advantage of
their products and production expertise, as well as their scientists, engineers,
and patents. In 1985, GE acquired a company called Technicare that produced
avariety of X-ray diagnostic equipment from Johnson and Johnson. To expand
its ultrasound imaging capabilities, GE Healthcare bought Diasonics Vingmed
from Elbit Medical Imaging in Haifa, Israel, in 1998.
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Soon thereafter GE Healthcare undertook two major expansions in Europe,
one through acquisition, the other through direct investment in a new Global
Research Center. In 2004, GE Healthcare acquired UK-based Amersham plc for
$9 billion. Amersham had its origins in the UK Atomic Energy Authority for the
development and manufacturing of radioactive materials for peacetime uses.
It was the first company to be privatized by the UK government under Prime
Minister Margaret Thatcher, and it developed formidable capabilities in med-
ical diagnostics (among other healthcare fields) that nicely complemented what
was then known as GE Medical’s strengths in this field. Sir William Castell,
former CEO of Amersham, became CEO of GE Healthcare, and GE Healthcare’s
global headquarters was established in Chalfont St. Giles, Buckinghamshire in
the United Kingdom, where it remains to this day.

Also in 2004, the GE parent began to build its European Global Research
Center alongside the Garching campus of the Technical University of Munich
(Technische Universitit Miinchen). As a world-class industrial lab in a university
setting, the center employs approximately 150 scientists and technologists
from more than 20 countries in disciplines that include chemistry, physics,
mathematics, engineering, and materials research. Medical R&D is but one
component of the center’s activities, but it has become a pole of the work of the
Niskayuna-Munich MRI team. Medical R&D has also specialized in develop-
ment of advanced clinical applications for ultrasound and computed tomog-
raphy as well as magnetic resonance. The Munich center provided the initial
insights that led to 32-channel, then 64-channel, then 128-channel MRI. This
research is now incorporated into high-end premium MRI equipment that is
designed and built in the United States.

Performing MRI R&D in Germany—as in the former-Amersham facilities
in the United Kingdom—allows for close monitoring of new developments in
the backyard of GE Healthcare’s most formidable competitors in medical diag-
nostic imaging, Siemens and Philips.

GE Healthcare sales of diagnostic and clinical equipment was approxi-
mately $7.8 billion in 2011, and 53 percent of total revenue comes from outside
the United States. This places GE Healthcare consistently in first or second
place in comparison to Siemens and Philips.

An important spillover from GE’s success in MRI is now evidenced in the
use of GE Healthcare’s MRI magnet technology in a completely different busi-
ness category—to cost-effectively scale up to 10 to 15 megawatt wind turbines.
Today, most wind turbines have conventional generators that are connected to a
gearbox. The gearbox is used to step up lower blade speeds into higher speeds so
as to reduce the torque requirements before it reaches the generator. This means
higher costs in scaling up to larger wind platforms because of additional weight
and maintenance needs that will be required.

The key challenge will be to deliver new technologies that achieve the
right scale and cost in the development of higher megawatt machines to maxi-
mize clean wind power opportunities around the globe. Applying its more
than 30 years of experience with superconducting magnets for MRI systems
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in healthcare, GE is developing an innovative new generator technology that
will deliver more power while helping reduce the cost of wind power. GE is
applying superconducting magnets to make lower-cost systems with higher
image quality with the goal of enabling wind turbines to generate more wind
power at a lower cost of electricity. GE was awarded a two-year $3 million grant
from the US Department of Energy in 2011 to develop a next-generation wind
turbine generator that could support large-scale wind applications in the 10
to 15 megawatt range.

Incorporating a GE Healthcare innovation like superconducting magnets
into a novel application elsewhere in GE product offerings is not limited to
wind turbines. GE breakthroughs in medical picture archiving—running to
thousands of images—are now used for storing, analyzing, and inspecting
digital snapshots of train engine parts, turbine blades, and pipeline segments.
Similarly, computer visualization first developed in medical MRI systems was
reoriented toward NBC sports, showing the quarterback’s view of how a pass
play was developing downfield.

Finally, GE researchers in the United States, Germany, India, and Brazil
recognized that they faced a similar challenge in monitoring very large real-
time data streaming from airplane avionics, smart-grid electrical systems,
and medical imaging. At GE’s software lab in San Ramon, California, an engi-
neering vice president hired away from Cisco developed a system-of-systems
diagnostic technique to identify when multiple terabytes of data veer outside
the normal envelope of operation.

Case Study 3: General Electric Healthcare’s “Reverse
Innovation” in India

Former GE Professor in Residence and Chief Innovation Consultant Vijay
Govindarajan has noted thatin the history of modern medical technology, most
products have been developed in and for markets that are most able to afford
them and then modified later for distribution in other areas (Govindarajan
and Trimble 2012). From a business perspective, it seems perfectly logical to
market the new products first in the United States and Europe. But in practice
this has meant that many life-saving tools and procedures have been slow to
trickle through to developing countries beyond their major medical centers.
Across large swathes of the developing world, not to mention some parts
of developed countries, there is simply no economic means to equip clinics and
general practitioners with advanced medical equipment. Poor infrastructure
can impede the use of high-end medical equipment, as electrical supplies are
often unreliable in many areas and poor roads or public transportation can
make it difficult for people to access the care they need. Shortages of trained
medical staff are also a huge problem. Skilled doctors and nurses often move to

6. Govindarajan worked for GE in 2010-11. He is currently a professor of international business at
the Tuck School of Business at Dartmouth College.
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urban centers or migrate to earn a better living, leaving rural areas underserved.
In India, for example, 75 percent of medical professionals work in urban centers,
leaving only 25 percent to serve three-quarters of the country’s population.

All of these factors affect how healthcare is delivered in any particular
market, and they underscore the weaknesses of simply pushing developed
technologies to the developing world.

At GE Healthcare, the traditional model of product development has been
gradually shifting toward in-market innovation—that is, designing entirely
new products to meet the needs of a specific country or region. GE Healthcare’s
MAC line of ECG systems, for example, is a success story of innovation for
India and the world.

The ECG is the most widely performed cardiac test in the developed
world, and GE has long been at the forefront of the industry. GE’s traditional
approach has been to market high-end ECG systems for major hospitals in
urban centers in India. But by 2005, GE’s engineers in India were eager to
create a product that was designed and priced for use across the wider Indian
population—an ECG machine that would reflect the economic and infra-
structural realities of the country. What emerged in 2007 was the MAC 400,
an ECG machine designed to extend the capability of traditional ECGs to a
largely rural and poor population. The MAC 400 is highly portable and can
be easily carried to a patient’s home, has an easy two-button operation that
makes training faster, and can operate on battery. Above all, the MAC 400 costs
around $800, compared with other hospital-class units from GE Healthcare
that range from $2,000 to $10,000.

Carrying their efforts even further, the GE Healthcare team at the John F.
Welch Technology Center in Bangalore, one of GE’s largest integrated multi-
disciplinary R&D centers, set a new bar for low-cost ECGs in 2011 with the
MAC India. Incorporating a smaller printer and battery-only use, the MAC
India is priced at $500, potentially reducing the cost of a single ECG exam to
as little as the price of a bottle of water for rural patients. Moreover, battery
performance has been enhanced, enabling as many as 500 ECG readings on a
single battery charge.

Another innovation followed—digitizing the entire process in order to take
into account the gap in skilled manpower as well as accessibility issues involved
in using the machines in large cardiac camps or reaching patients in inacces-
sible areas. The MAC 600 was developed with a built-in screen to view ECGs
instantly, eliminating the need to print all ECGs and thereby saving cost and
paper. The MAC 600 also allows technicians and doctors to store and transfer
ECGsin a universal portable digital format (PDF) using any multimedia phone.

GE Healthcare’s Bangalore team recently introduced the variant of the
ECG machine at half the price of the MAC 400. The new MACs incorporate the
Marquette 12SL analysis program, which is standard in GE’s premium ECG
devices, and include built-in software that interprets the ECG in English like
any pathological test, a feature that previously was available only in very high-
end ECG machines.

GLOBALIZATION OF R&D BY US MNCs 39

© Peterson Institute for International Economics | www.piie.com



Govindarajan calls GE Healthcare’s strategy “reverse innovation,” and,
indeed, over the past three years, approximately 60 percent of sales of the MAC
400 and 600 have been in developing countries, including India, Latin America,
and China. He points out that historically, innovations have always happened
in rich countries. But in the future, innovations will have to take place in coun-
tries like India and China, because that is where the bulk of the customers are.
The needs are more pressing there and the sheer volumes will justify the invest-
ments that will be required for developing the appropriate products.

Observations from Case Studies

The discovery of complementarity in the aggregate data between external R&D
and US home-country R&D within US multinational firms may seem coun-
terintuitive to many. These case studies may therefore be particularly useful in
painting a picture of how such complementarity manifests itself (and how it
can produce positive results).

Within the case studies, global R&D expenditures and operations of these
US MNCs create complementary capabilities and interdependent competen-
cies, rather than simply displacing one capability or competency from one loca-
tion to another. GE’s MRI Laboratory team operating cooperatively between
the Niskayuna, New York, and Munich, Germany, campuses is one example.
For Caterpillar, the campus in Chennai, India, allows overnight processing to
complement the activities of its R&D in the United States, facilitating a 24/7
R&D cycle. The cost for the engine tests would be much greater if Caterpillar
instead were to have a third shift working in the United States, which would
make the company’s overall R&D process less efficient and in turn constrain
Caterpillar from hiring more engineers in the United States. For these multi-
national investors, overseas R&D facilities also bring spillover back to the
United States. GE Healthcare research on superconducting magnets for MRI
in Germany and the United States allowed the GE parent in the United States
to develop more efficient power systems for wind turbines. GE’s Munich
Global Research Center provided the initial insights that led to 32-channel,
then 64-channel, then 128-channel MRI. This research is now incorporated
into the high-end premium MRI equipment designed and built in the United
States. A low-cost but sturdy excavator-implement that Caterpillar designed
in Chennai for the Indian market is now being incorporated into US-made
digging equipment.

What is conventionally thought of as R&D may be carried out simply by
building new or bigger laboratories. But often the process is built upon acqui-
sition of other companies, including of course those companies’ products and
production expertise as well as their scientists, engineers, and patents. After
GE Healthcare acquired UK-based Amersham to enhance GE’s capabilities in
medical diagnostics (among other healthcare fields), Sir William Castell, former
CEO of Amersham, became CEO of GE Healthcare, and GE Healthcare’s global
headquarters was established in Calfont St. Giles, Buckinghamshire.
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Overseas research facilities also offer a view on new R&D taking place in
other countries as well as surveillance of what competitors are doing. GE’s
R&D location for MRI in Germany allows for close monitoring of new devel-
opments in the backyard to GE Healthcare’s most formidable competitors in
medical diagnostic imaging, Siemens and Philips.

Finally, the case studies show that the establishment of R&D facilities out-
side the United States may stimulate the development of goods and services for
markets that do not have the same characteristics as the US market, enabling
US MNCs to gain market share in those non-US markets. The Caterpillar en-
gineers in Chennai observed that the Indian market demanded a variant of the
backhoe loader called a side-shift loader. The Chennai center carried out the
design work for the side-shift loader, which is now sold around the world, but
more in developing countries and in the European Union than in the United
States (where this design is seldom used). GE Healthcare engineers working on
high-end ECG systems in India were eager to create an ECG machine designed
and priced for use across the wider Indian population. They designed an ECG
machine to extend the capability of traditional ECG to a largely rural and poor
population. The resulting ECG machine is highly portable and can be easily car-
ried to a patient’s home, has an easy two-button operation that makes training
faster, and can operate on battery. It costs a fraction of the high-end ECG with
very little reduction in capability for most uses.
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