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Research Paper

Value Capture in the Global
Electronics Industry: Empirical
Evidence for the “Smiling Curve”
Concept

NAMCHUL SHIN*, KENNETH L. KRAEMER** & JASON DEDRICKY

*Seidenberg School of Computer Science and Information Systems, Pace University, New York, USA
**University of California, Irvine, USA, 1 Syracuse University, Syracuse, New York, USA

ABSTRACT  This research asks who captures the greatest value in the global electronics industry by
testing the concept of the “smiling curve”, which predicts that the greatest value is captured by upstream and
downstream firms, and the lowest value is captured in the middle of the value chain. We test the concept using
the Electronic Business 300 data-set for 2000—2005. We find that lead firms and component suppliers earn
higher gross margins and net margins compared to contract manufacturers. However, the differences are
minimal for return on assets (ROA) and return on equity (ROE). We also find that active component suppliers
gain higher profits than passive component suppliers. These findings suggest that the smiling curve is right if
value is defined in terms of gross margins, but the cost of sustaining a position on either end of the curve is so
high that returns on investment are similar across the curve.

KEY WORDS: Electronics industry, value chain, smiling curve, lead firm, component supplier

1. Introduction

In today’s global electronics industry, companies outsource production and even product
development to global networks of contract manufacturers (CMs), original design
manufacturers (ODMs) and component suppliers. In such global production networks, value
created from a successful product is distributed not only to a lead firm, usually the company
whose brand appears on the product, but also to partners in the firm’s value chain, such as
component suppliers as well as CMs/ODMs. While the lead firm captures a significant portion of
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the value by focusing on the creation, penetration and defense of markets for the product, other
firms also benefit by pursuing core technological innovations and offering complementary
products or services. Since no single company is the source of allinnovations, a lead firm works
closely with global partners to bring new products to market (Linden et al., 2009).

This paper addresses the question of who captures the greatest value in such global value
chains by empirically testing the “smiling curve” concept in the electronics industry. The smiling
curve (Shih, 1996; Everatt et al., 1999) or the smile of value creation (Mudambi, 2008) repre-
sents a pattern of value-added along the value chain. It predicts that higher value is added both
upstream (at the input end) and downstream (at the output end), with the lowest value-added in
the middle of the value chain. From the firm’s perspective, however, the goal is not to add value
but to capture value in the form of profits. Thus, this research examines whether the “smiling
curve” concept can be applied to value captured by firms in each part of the global value chain.’

This research can inform us about the importance of position in the value chain for the
profitability of firms, and also for the financial benefits to countries participating in global
value chains. Thus, beyond the question of which firms capture more value, we also raise a
question about the value captured by countries, particularly between advanced and
emerging economies. Given that there tend to be more lead firms and component suppliers
in advanced economies, the smiling curve would predict that the value captured by firms in
these economies is higher than that by firms in newly emerging economies, which tend to
specialize more in labor-intensive assembly.

We hypothesize these relationships and test the hypotheses by using data from the
Electronic Business 300 data-set. We find that lead firms and component suppliers capture
more value as measured by gross margin and net margin, compared to various contract
manufacturers (e.g. CMs/ODMs). We also find that active component suppliers gain higher
profits than passive component suppliers? and that firms based in advanced economies earn
higher value in terms of gross margins, compared to firms based in emerging economies. Our
findings suggest that high levels of innovation, sales and marketing, and branding can build
barriers to entry and help firms capture higher profits in global production networks.

In the next section, we describe the concept of the “smiling curve”, analyze the concept
based on resource-based theory, dynamic capabilities and industrial economics, and propose
hypotheses. Section 3 describes our research methods and data sources. We present our
results in Section 4. Implications of the results and conclusions are provided in Section 5.

2. Theoretical Background
2.1 The Concept of the Smiling Curve

A firm’s value chain activities can be broadly grouped into three categories: the upstream
(input), the downstream (output or market) and the middle (Mudambi, 2007, 2008). While

"Value capture, which can be indicated by gross profit, does not equal value-added because it excludes the amount
of wages for direct labor (workers who are involved in production, that is, converting inputs to a salable product). Gross
profit estimates the value a company captures from its role in the value chain, which it can use to reward shareholders
(dividends), invest in future growth (R&D), cover the cost of capital depreciation and pay its overhead expenses
(marketing and administration) (Linden et al., 2009).

2The classification of active and passive components is described in Section 3.1.
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upstream activities comprise design, basic and applied R&D, downstream activities typically
comprise marketing, distribution, brand management and after-sales services. Activities in
the middle comprise manufacturing, assembly and other repetitious processes in which
commercialized prototypes are implemented on a mass scale.

Based on his analysis of the computer industry’s value chain, Acer founder Stan Shih
(1996) argued that the value-added curve of the industry takes a smiling shape. The smiling
curve shows that while higher value is created by both upstream and downstream firms
(located at both the left and right side of the curve), such as component suppliers and lead
firms, system assembly firms (located in the middle) add the lowest value (Figure 1).
According to Shih, the major factors determining the level of value-added are entry barriers
and accumulation of capability: the higher the entry barriers and the greater the
accumulation of capabilities, the higher the value-added.® For example, the establishment of
a brand name business in microprocessor manufacturing comes with high entry barriers
such as intellectual property and brand equity, and requires many years of investment in
R&D and marketing (branding), respectively. On the other hand, entry barriers and switching
costs are lower for computer assembly because it is relatively easy to build the needed
capabilities and therefore subject to rapid imitation and intense competition. In fact, Acer
itself spun off its ODM business as a separate company, called Wistron, and concentrated
its own efforts on developing its brand name business in order to avoid the commodity
assembly trap.*

This research employs the resource-based theory and dynamic capabilities approach
as well as industrial organization to analyze the concept. These theoretical approaches look
at entry barriers but with different foci. Industrial organization focuses on industry forces,
whereas the resource-based theory and dynamic capabilities approach focuses on
resources and capabilities (difficult to replicate), respectively. However, they are closely
related, and our research emphasizes the resource-based theory and dynamic capabilities
approach.

2.2 Barriers to Entry: Resources and Dynamic Capabilities

Industrial organization economics considers entry barriers as the fundamental prerequisite
for market power that confers large profits (monopoly rents) (Baumol et al., 1982). It focuses
on the external environment, emphasizing industry attractiveness as the primary basis for
superior profitability. Observing that competition for profits goes beyond direct competitors,
Porter (1980) extends the concept of industry rivalry based on five competitive forces that
include customers, suppliers, potential entrants, substitute products and direct competitors.
He argues that this extended rivalry defines an industry’s structure and shapes the nature of

3 Although Shih uses value-added for the “smiling curve” concept, he implicitly seems concerned with sustainable
incomes (value capture) that are delivered to firms positioning themselves in different ways in global value chains.

“ Acer, a leading manufacturer of notebook and desktop computers, spun off its contract manufacturing service unit
as Wistron in 2001 when its sales were slumping in a weakening computer hardware market. By separating its branded
and contract manufacturing operations, Acer could focus on its branded computer product operations. More recently,
Asustek announced in December 2009 its plans to spin off its contract manufacturing unit as Pegatron Technology.
The company was looking to focus more on creating its own branded line of business. In each case, the spinoff
company was free to pursue other customers and gain economies of scale.
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Figure 1. Smiling curve: adapted from Shih (1996)

competition within an industry; thus, firms should analyze their external environment,
choose strategies that give them competitive advantage in that environment and then
acquire the resources needed to implement their strategies. However, he places little
emphasis on the importance of idiosyncratic firm attributes (e.g. resources) for a firm’s
competitive advantage.

By contrast, the resource-based theory suggests that in a rapidly changing environment
in which customer demand is volatile, and technology is continually evolving, an externally
focused orientation does not provide a secure foundation for formulating long-term strategy
(Barney, 1991).% Although Porter tends to emphasize strategic positioning in terms of cost
leadership, differentiation and focus as the primary source for superior profitability,®
fundamental to strategic choices is the resource position of the firm: a firm gains and
sustains large profits from resources that are rare, valuable, hard to imitate and immobile
(Grant, 1991). Grant argues that barriers to entry are built up by resources that incumbent
firms possess such as scale economies, patents, brand value and customer relationships,
which new entrants can acquire only slowly or at disproportionate expense. Barney (1991)
also argues that barriers to entry exist when competing firms are heterogeneous in terms of
the strategic resources they control.

While resources include firms’ tangible and intangible assets, capabilities refer to a
firm’s ability to appropriately deploy, coordinate and integrate its resources for production
(Grant, 1991; Teece et al., 1997; Coombs and Bierly, 2006). The dynamic capabilities

5The resource-based theory is related to the work of David Ricardo (1891), Joseph Schumpeter (1934) and Edith
Penrose (1959). The returns to the resources that confer competitive advantage are referred to as Ricardian rents,
compared to monopoly rents, that is, the returns to market power (Grant, 1991).

8 Cost leadership, differentiation and focus are proposed by Porter (1980) as a set of generic strategies that can
help firms gain competitive advantage in an industry.
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approach explains the sources of competitive advantage over time in competitive markets
(Teece and Pisano, 1994; Teece et al., 1997). It emphasizes firm capabilities (difficult to
replicate) for superior firm performance, which enable firms to sense changing customer
demands and technological opportunities, seize the opportunities by developing new
products through investments in tangible and intangible resources, and maintain
competitiveness through enhancing, integrating, protecting and reconfiguring those
resources (Teece, 2007). According to Teece (2007), in the fast changing global economy
characterized by open innovation, outsourcing and offshoring, particularly in high-technology
sectors, sustainable advantage requires more than the ownership of difficult-to-replicate
knowledge assets. It also requires unique and difficult-to-replicate dynamic capabilities.”
Chesbrough (2003) argues that as sources of innovation are geographically dispersed, firms
reach out beyond their boundaries to access and integrate technology developed by others
(i.e. open up technological opportunities through engaging in R&D and tapping into the
research output of others).

Knowledge integration capability is critical for superior firm performance in such an
open innovation environment, illustrated by the computer industry (lansiti and Clark, 1994).
Brusoni et al. (2001) argue that multi-technology firms, such as computer firms, need to
have knowledge in excess of what they need for what they make. They outsource
manufacturing while focusing on in-house concept design and system integration
capabilities to coordinate the work of suppliers, who do new technology development and
manufacturing. Knowledge assets embodied in people and organizational routines are not
tradable and are hard to replicate in a market; thus, the creation, protection, integration and
leverage of such intangible assets is critical for firms to achieve superior firm performance
and avoid the zero-profit trap (Teece, 2007).

Morrison et al. (2008) argue that complex and tacit knowledge may affect the balance of
power and the pattern of governance in global value chains. According to them, buyers (or in
our case, lead firms and branded firms) are undisputed leaders since they coordinate and
govern global value chains, based on knowledge of the whole product system as well as
concept design, branding, marketing and system integration capabilities. Gereffi (1994)
argues that global buyers can and do exert a high degree of control (or power) over spatially
dispersed value chains by building global scale production and distribution systems without
direct ownership. They manage such globally fragmented production networks and bring
together all the pieces of the business into an integrated whole, for example, understand
customer needs and integrate upstream (or component) innovations into new product
developments.

On the upstream end, component suppliers also can generate sustainable high profits
by possessing valuable resources such as intellectual property, superior design skills and
the ability to commercialize new technologies (Gereffi, 2001; Gereffi et al., 2005). Some
suppliers of key components and technologies, such as Intel, Qualcomm, Tl and Nvidia, are

“Teece (2007) argues that supra competitive returns are earned through dynamic capabilities that enable
entrepreneurship, innovation, semi-continuous asset orchestration, resource combinations and reconfiguration. The
returns to dynamic capabilities are referred to as Schumpeterian rents, compared to Ricardian rents, that is, the
returns to resources.
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able to earn higher profits by controlling key standards, thereby holding dominant positions
in some segments of the industry (Shin et al., 2009).2

By contrast, firms in the middle of the value chain are not in a position to develop unique
intellectual property, control key product standards, or develop strong brand names or
customer relationships. They must compete largely on cost and operational excellence, and
find it difficult to build any barriers to entry or create switching costs for their customers. Thus,
we argue that in today’s highly competitive global electronics industry, lead firms and
component suppliers are in a better position to develop valuable resources, build barriers to
entry and capture greater value. These theoretical arguments lead to the following hypothesis:

Hypothesis 1:  Firms both at the upstream and downstream ends, such as component
suppliers and brand name vendors, capture higher value than firms in the
middle, such as CMs/ODMs.

2.3 Value Capture by Type of Component

Shih (1996) argues that the level of value-added from component manufacturing (activities at
the upstream end of the value chain) differs by the types of components.® Active components,
such as integrated circuits, visual displays and hard drives, generally require large capital
investments and high-level manufacturing capabilities. These components are highly
specialized, compared to passive components, such as capacitors and resistors, or printed
circuit boards (e.g. motherboards), which are more standardized.'® Active components are
capable of a greater degree of differentiation and perhaps even branding, such as the “Intel
inside” branding campaign. Performance aspects of active components are likely to be more
visible to the final customers than other components. For example, most customers would
recognize the difference between 50GB and 500GB hard drive while few would recognize
the implications of improvements in the performance of capacitors or resistors. Therefore,
active components are at the higher left side of the curve while passive components are lower
on the curve. Shih (1996) ranked the level of value-added from component manufacturing in
the following order (from high to low): software, microprocessor, DRAM, LCD, ASIC, monitor,
HDD and motherboard. Therefore, we propose the following hypothesis:

Hypothesis 2:  Firms manufacturing active components capture higher value than firms
manufacturing passive components.

2.4 Value Capture by Country

According to Mudambi (2008), firms from advanced economies, those from emerging
economies and those from recently developed countries are all conforming to the smiling

8 According to Sturgeon (2003), since standards and protocols are dynamic, major advantages accrue to companies
that actively participate in the rule-setting process, which favors established firms and locations. Most other value
chain participants, such as CMs/ODMs, must adjust to the rules (or parameters) developed by those firms.

9We are grateful to anonymous reviewers for helping to clarify this discussion.

10 Active components are those that require electrical power to operate. This could include the power supply, fans,
storage device, transistors, diodes and other integrated circuits. Passive components such as the chassis, capacitors
or enclosures do not require electrical power to operate.
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curve: high-value activities at the downstream and upstream ends are largely concentrated in
advanced economies, while low-value activities in the middle of the value chain are moving
(or have moved) to emerging economies (Gereffi, 1999; Smakman, 2003; Pyndt and
Pedersen, 2006). Firms based in advanced economies (so-called insiders), such as the Triad
of North America, Europe and Japan, are more likely to capture higher value, compared to
firms based in emerging economies such as Taiwan, China and Korea (Spencer, 2003;
Mudambi, 2008; Shin et al., 2009)."" These established players were earlier entrants and
established barriers to entry in many high-value segments of the industry. They continually
innovate in order to maintain their competitive advantage, while startups such as Qualcomm,
Broadcom and Nvidia have become highly profitable as fabless chip designers. A few
emerging country firms have been able to develop successful brand names (e.g. Samsung,
LG, Acer, HTC, Huawei) or compete in certain component markets (e.g. Samsung in memory
chips and displays), but these are the exception. The innovations in developed countries are
increasingly design driven, recognizing the highly diverse needs of individual markets. All
these firms’ design strategies are aimed at buttressing and enhancing the value of their
brands (Mudambi, 2008). Hence, we propose the following hypothesis:

Hypothesis 3. Firms based in advanced economies capture higher value than firms in
emerging economies.

3. Research Methods

In order to test the hypotheses proposed in the previous section, we employ the one-way
analysis of variance (ANOVA—F-test) procedure, the non-parametric y? (Kruskal and
Wallis) and median tests.

Although the one-way ANOVA is a method of our choice for testing for differences
between multiple groups, it assumes that the variances of the groups are equal and that the
distribution of the test variable is reasonably normal. ANOVA is robust to unequal variances
when the groups are of equal or near equal size. However, when both the variances and the
sample sizes differ, we may need to transform the data (for example, the log transformation)
or perform a non-parametric test (Norusis, 2004). Non-parametric procedures are designed
to test for the significance of the difference between multiple groups when the assumptions
of ANOVA are invalid or suspect. They make no assumptions about the mean and variance
of a distribution, nor do they assume that any particular distribution is being used (Conover,
1980; Siegel and Castellan, 1988; Norusis, 2004). We employ the non-parametric y?
(Kruskal and Wallis) and median tests for the robustness of our analysis.

3.1 Data Sources and Coding

This study employs two data sources: the Electronic Business (EB) 300 data-set and the
Hoovers database for the six years from 2000 to 2005. The EB 300 data-set includes

" Korea, and to an extent Taiwan, might be somewhere in between, as they have some major brand name companies
like Samsung and Acer. They are also major suppliers of high-value components like LCDs and DRAM although they
do not compete in software, microprocessors and specialized chips such as graphics. Taiwan and Korea also have far
higher GDP per capita than China and most of South East Asian countries.
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the top 300 electronics firms ranked by electronics revenue. The electronics revenue is
derived from segmentation information and Reed Research estimates (Electronic Business,
2006). It includes revenue from the sale, service, license or rental of electronics/computer
equipment, software or components. Data items such as sales, cost of goods sold (COGS),
return on equity (ROE), return on assets (ROA), R&D expense and the number of
employees are obtained from the Hoovers database for the same firms included in the EB
300 data-set.

For measures of value capture, we use gross profit (net sales minus cost of goods sold,
which combines the wage bill with the cost of purchased inputs) and gross margin (the ratio
of gross profit to net sales). We also employ net margin, ROA and ROE to measure a
company’s bottom-line financial performance.

Since we focus on three types of firms in the global electronics industry as lead firms,
CMs/ODMs and component suppliers, we select only the firms operating in the following four
industries: computer and peripheral equipment manufacturing, communications equipment
manufacturing, audio and video equipment manufacturing, and semiconductor and other
electronic component manufacturing.'® The selection is based on the four-digit North
American Industry Classification System (NAICS) code. The NAICS codes for the above
four industries are 3341, 3342, 3343 and 3344, respectively.

We code these firms as lead firms, CMs/ODMs or component suppliers. Lead firms are
branded firms at the head of a value chain and closest to distribution and retail. We only
include firms if they can be classified as “pure” lead firm, CM/ODM or component supplier.'®

Then, we classify component suppliers further into two categories: active and passive
component suppliers.'* A passive component refers to a component that consumes energy,
but does not produce power. An active component is a component that produces power by
consuming energy. We use the Yearbook of World Electronics Data (2003) for the
classification. Active components include most key components, such as visual displays,
hard drives and key integrated circuits. On the other hand, passive components include
such components as capacitors, resistors, connectors and motherboards.

We also code these firms as firms based in advanced economies (insiders) and firms
based in emerging economies (outsiders). Our samples include firms in 14 different
countries, such as the USA, Canada, Germany, Switzerland, Netherlands, Finland,
Sweden, France, Japan, Taiwan, South Korea, Singapore, Hong Kong and China. We
classify North American, European and Japanese firms into firms in advanced economies,
and other Asian firms into firms in emerging economies. The sample includes 622
observations for the six years from 2000 to 2005. The sample statistics are shown in Table 1.

12 Other industry segments are left out because most firms in those segments cannot be classified as pure lead firms,
CMs/ODMs or component suppliers, and electronic revenue of those firms does not equal total revenue. Highly
integrated firms or large conglomerates are not included since they have mixed sales figures such as sales from brand
products, from contract manufacturing and from components.

3We compared the sample firms (622 observations for 2000—2005) and omitted firms (1,178 observations for 2000—
2005) in terms of electronic revenue, gross margin, net margin, ROA and ROE. By conducting the ANOVA, the non-
parametric y 2 and median tests, we found that the omitted firms were not systematically different from the sample
firms for all of the measures.

4We only include firms that can be classified as pure active and passive component suppliers. Diversified firms, as
well as other types of firms, such as contract component manufacturers and storage firms are excluded.
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4. Results
4.1 Comparison of Lead Firms, Component Suppliers and CMs/ODMs

Our results show that value captured by the three types of firms (lead firms, component
suppliers and CMs/ODMSs) are significantly different for gross margin, gross profit and net
margin (Table 2): lead firms and component suppliers earn profits higher than CMs/ODMs. All
three test statistics of ANOVA (except for net margin), non-parametric y # and median tests
are significant at alevel of 0.001. However, the differences are minimal for ROA. On the other
hand, CMs/ODMs perform better than lead firms and component suppliers in terms of ROE
although itis negative for all three types of firms. The non-parametric x2and median tests are
significant at levels of 0.10 and 0.05, respectively. Our results also show that lead firms and
component suppliers spend more on selling and general administration (S&GA) expense and
invest more in R&D, compared to CMs/ODMs.

Positioned close to the consumer markets in the global value chain, lead firms specialize in
high value-added activities such as R&D, product design, marketing and branding. They may
have a well-known brand, better marketing and sales capabilities, and a keen understanding of

Table 2. ANOVA, non-parametric 2 (Kruskal—Wallis) and median test results (2000—2005)

N Mean F X2 Median test (y2)

Gross margin Lead firms 160 32.3% 60.320*** 131.887*** 77.370%*
CMs/ODMs 74 10.7%
Comp. suppliers 275 31.9%

Ln(gross profit) Lead firms 160 7.57 65.776** 88.832*** 40.567**
CMs/ODMs 74 5.91
Comp. suppliers 272 6.54

Net margin Lead firms 204 0.61% 0.271 18.340*** 19.816***
CMs/ODMs 106 —0.44%
Comp. suppliers 304 1.25%

ROA Lead firms 163 0.97% 0.096 4.236 2.792
CMs/ODMs 94 0.04%
Comp. suppliers 293 -0.10%

ROE Lead firms 162 -7.51% 0.074 4617+ 6.055*
CMs/ODMs 90 —2.24%
Comp. suppliers 284 —411%

R&D/sales Lead firms 159 8.36% 51.909*+* 116.291 %+ 59.810%+*
CMs/ODMs 48 0.90%
Comp. suppliers 232 11.38%

Ln(R&D) Lead firms 157 5.97 61.860*** 89.110%** 50.051***
CMs/ODMs 47 3.30
Comp. suppliers 232 5.35

S&GA/sales Lead firms 156 19.17% 111.625% 185.980*** 113.038***
CMs/ODMs 71 5.08%
Comp. suppliers 273 12.56%

Notes: ROA = return on assets; ROE = return on equity; S&GA = selling and general administration expense.
The log transformation of net profit is not used because the number of observations with a negative value is high.
**p < 0.001; *p < 0.05;"p < 0.10.
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customers, compared to CMs/ODMs (Shin et al., 2009). Component suppliers, particularly
suppliers of visual displays, hard drives or key integrated circuits, invest heavily in R&D and
pursue high levels of innovation by embodying proprietary knowledge, compared to
CMs/ODMs. Such capabilities as branding (for lead firms) and R&D (for component suppliers)
create entry barriers and help lead firms and component suppliers gain higher profits. However,
the costs of conducting R&D, sales and marketing can negatively affect both lead firms’ and
component suppliers’ bottom-line financial performance. Net margins are still higher for lead
firms and component makers than for CMs/ODMs, but while the difference is statistically
significant, it is very small in practical terms. Lead firms and component makers both earn
average gross margins of about 32 per cent, compared to 10 per cent for CMs/ODMs. However,
the netmarginsare 0.61, 1.25and —0.44 per cent, respectively (Table 2). We do not detect any
significant differences in ROA among the three types of firms, and ROE is higher for CMs/
ODMs, compared to lead firms and component suppliers. The reason might be that in contrast
to ROA and ROE, net margin is not dependent on differences in asset intensity or equity (or
debt) financing.'® More significant from an investment perspective is the fact that ROE is
negative for all three groups, illustrating how brutally competitive the electronics industry is.

Figure 2 depicts the means of gross margins of lead firms, component suppliers and
CMs/ODMs. Interestingly, the shape of the mean plot is similar to the “smiling curve” shown
in Figure 1."°

Figure 3 shows the mean plot for ROA, along with the mean plot for gross margin, for
the three types of firms. The shape of the mean plot for ROA is somewhat distorted (tilted
“smiling curve”), compared to the mean plot for gross margin.

Figure 4 shows the mean plot for ROE, along with the mean plot for gross margin, for
the three types of firms. The shape of the mean plot for ROE looks the reverse of the “smiling
curve”."”

As mentioned earlier in Section 2.1, some lead firms, such as Acer and Asustek,
separated their branded and contract manufacturing operations in order to focus more on
their branded product operations. Motorola also spun off its upstream component business
(chip fabrication) as Freescale Semiconductor, and outsourced more of its production. Such
a strategy is consistent with our findings.

In order to directly examine if the spinoffs of these lead firms capture more value, we
analyze the post-spinoff performance of Acer and Motorola.'® Our results show that the

5 Our results for ROE might be influenced by the high leverage of CMs/ODMs. Since the leverage of those firms can
be higher than lead firms and component suppliers, we analyze the differences of the debt-to-equity ratio for the three
types of firms. The non-parametric median test shows that the debt-to-equity ratio is significantly higher for
CMs/ODMs, compared to lead firms and component suppliers. However, the results are insignificant for the one-way
ANOVA test and opposite for the Kruskal—Wallis y >-test.

8 The lines are straight because the figure plots the means of gross margins of the three types of firms categorized into
discrete variables.

7 The differences in results between ROA and ROE look strange since the two measures are closely related. ROE can
be decomposed into: ROE = net income/equity = net income/assets (ROA) X assets/equity (leverage). Therefore,
when ROA increases, ROE may increase. However, ROE is also affected by leverage. Figure 4 shows the impact of
the leverage of CMs/ODMs (please refer to footnote 15).

"8 We do not include Asustek in the analysis since its spinoff was announced fairly recently (December 2009). It would
be interesting if future studies conduct the analysis with more firms, including not only lead firms, but also component
suppliers, which have spun off their contract manufacturing or fabrication operations.
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Figure 3. Mean plots for ROA and gross margin

companies’ bottom-line financial performance has significantly improved after the spinoffs
(Table 3). Acer’s performance improved in 2002 after spinoff: ROA (from 0.9 to 7.9 per cent),
ROE (from 1.7 to 13.0 per cent) and net margin (from 0.9 to 8.1 per cent). The performance
of Motorola has also improved in 2005 after spinoff: ROA (from 5.0 to 12.8 per cent), ROE
(from 11.5t0 27.5 per cent) and net margin (from 4.9 to 12.4 per cent). We also compare the
post-spinoff performance of the two lead firms to the firms spun off (i.e. Acer vs. Wistron and
Motorola vs. Freescale Semiconductor). Using the performance of three-year averages, we
found that these lead firms (Acer and Motorola) have outperformed the spun-off firms
(Wistron and Freescale Semiconductor), respectively, in terms of ROA, ROE and net
margin. The comparison of the post-spinoff performance is shown in Table 4.
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Figure 4. Mean plots for ROE and gross margin

4.2 Comparison of Active and Passive Component Suppliers

Table 5 shows that value captured by active and passive component suppliers is
significantly different in terms of gross margin and gross profit: active component suppliers
gain higher profits than passive component suppliers. All three test statistics of ANOVA,
non-parametric y? and median tests are significant at a level of 0.001. However, the
differences are not significant for net margin and ROA. Passive component suppliers
perform better than active component suppliers when ROE is employed as a performance

measure (except for the median test).
Our results also show that active component suppliers invest heavily in R&D, compared

to passive component suppliers. Such heavy investment in R&D enables active component
suppliers to introduce new components to market and charge a high premium, thus earning
higher gross profits. However, these higher margins are negated by the cost of conducting
R&D, so their bottom-line financial performance measured as net margin and ROA is not
significantly different from passive component suppliers, and their returns on equity are even
lower than the ones for passive component suppliers.'®

®We ran a regression analysis to examine the impact of R&D on gross profit, ROA and ROE of active and passive
component suppliers. The analysis was conducted with R&D and a dummy for active component suppliers, along with
an interaction term of active component suppliers and R&D. We found a significant coefficient on the interaction term
for gross profit, but not for ROA and ROE. These results imply that R&D has a stronger impact on performance as
measured by gross profit (i.e. value capture), but not by ROA and ROE, in active component suppliers as compared to
passive component suppliers. These findings are consistent with our theoretical speculation that active component
suppliers capture higher gross profits from their R&D investment, but the cost of conducting R&D negatively affects
their bottom-line financial performance. We also examined the impact of R&D on gross profit, ROA and ROE of lead
firms and passive component suppliers. We found similar results: a significant coefficient on the interaction term of
lead firms and R&D for gross profit, but not for ROA and ROE. These results also imply that R&D has a stronger impact
on gross profit, but not on ROA and ROE, in lead firms as compared to passive component suppliers. Overall, these
findings are consistent with the results of our earlier work conducting a multivariate analysis for lead firms and non-lead
firms (Shin et al., 2009).
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Table 3. Post-spinoff performance of Acer and Motorola

Spinoff ROA Gross Net Sales Firms

Company year Year (%) ROE (%) margin (%) margin (%) (millions) spun off
Acer 2001 2003 6.2 11.3 13.4 4.6 4,622.5 Wistron

2002 7.9 13.0 13.6 8.1 3,089.0

2001 0.9 1.7 13.3 0.9 3,232.1

2000 5.1 10.7 9.8 4.3 4,760.6
Motorola 2004 2006 9.5 21.4 30.8 8.5 42,879.0 Freescale

2005 12.8 27.5 32.0 124 36,843.0 Semiconductor, Inc.

2004 5.0 11.5 33.5 4.9 31,323.0

2003 2.8 7.0 33.1 3.3 27,058.0

Table 4. Comparison of post-spinoff performance (three-year average)—Acer vs. Wistron and Motorola vs. Freescale

Semiconductor, Inc.

Years ROA (%) ROE (%) Gross margin (%) Net margin (%) Sales (millions)
Acer 2003-2005 5.57 11.93 9.50 4.23 6,144.2
Wistron 2.63 5.63 6.13 1.10 3,676.2
Motorola 2005-2007 7.43 16.30 30.00 6.93 38,781.3
Freescale —5.41 —26.99 39.13 —18.42 6,066.4

Table 5. ANOVA, non-parametric 2 (Kruskal—Wallis) and median test results (2000—2005)

N Mean F X2 Median test (x?)

Gross margin Active 161 37.38% 25.544*x 25.293** 11.698***
Passive 54 24.69%

Ln(gross profit) Active 158 6.80 21.150%** 18.837** 14.312%+
Passive 54 6.09

Net margin Active 174 —1.06% 2.632 0.203 0.111
Passive 63 5.26%

ROA Active 166 —2.75% 2.371 2.673 1.884
Passive 63 5.17%

ROE Active 163 —3.77% 6.854+* 4.369** 1.825
Passive 61 16.63%

R&D/sales Active 149 14.37% 50.946*** 43.131 %+ 35.640***
Passive 30 4.06%

Ln(R&D) Active 149 5.70 41.966*** 34.913*+* 22.745%**
Passive 30 4.13

S&GA/sales Active 161 13.10% 0.001 0.016 0.627
Passive 53 13.07%

Notes: ROA = return on assets; ROE = return on equity; S&GA = selling and general administration expense. The
log transformation of net profit is not used because the number of observations with a negative value is high.

*+xp < 0.001; **p < 0.01.
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Table 6. ANOVA, non-parametric x 2 (Kruskal—Wallis) and median test results (2000—2005)

N Mean F X2 Median test (x?)

Gross margin Insiders 425 31.32% 49.789*** 53.720*** 32.624**
Outsiders 84 17.42%

Ln(gross profit) Insiders 423 6.90 24.803*** 25.114%** 10.507***
Outsiders 83 6.15

Net margin Insiders 443 —0.19% 3.647°" 1.625 0.918
Outsiders 168 3.36%

ROA Insiders 438 —0.20% 0.632 2,514 5.050**
Outsiders 112 1.95%

ROE Insiders 425 —5.65% 0.493 2.651 4.325**
Outsiders 110 2.72%

R&D/sales Insiders 344 10.64% 78.201** 77.418%** 70.219**
Outsiders 94 3.69%

Ln(R&D) Insiders 343 5.66 66.933*** 65.079*** 52.629***
Outsiders 92 4.20

S&GA/sales Insiders 421 14.74% 62.624*** 76.384*** 48.844***
Outsiders 79 7.27%

Notes: ROA = return on assets; ROE = return on equity; S&GA = selling and general administration expense. The
log transformation of net profit is not used because the number of observations with a negative value is high.
**p < 0.001; **p < 0.01;"p < 0.10.

4.3 Comparison of Firms in Advanced and Emerging Economies (Insiders and Outsiders)

Table 6 shows that firms based in advanced economies capture higher value in terms of
gross margin and gross profit, compared to firms based in emerging economies. All three
test statistics of ANOVA, non-parametric y2 and median tests are significant at a level of
0.001. However, the differences are trivial for net margin, ROA and ROE in the ANOVA F-
and Kruskal-Wallis y>-tests.

As shown in Table 6, insiders (firms in advanced economies) spend more money on
R&D and S&GA, compared to outsiders (firms in emerging economies). These firms earn
high levels of profits by recognizing the highly diverse needs of individual markets and
continually doing design-driven innovations.2’ However, these higher gross margins are
offset by the costs of R&D, selling and marketing, and brand building activities, so their
returns are not significantly different from the ones for firms in emerging economies.

In order to see if lead firms and component suppliers are concentrated more in
advanced economies, rather than in emerging economies, we examine the distribution of
lead firms, CMs/ODMs and component suppliers in the two economies. Table 7 (the rows of
per cent within type) shows that there are more lead firms and component suppliers in
advanced economies than in emerging economies (74.6 per cent vs. 25.4 per cent and 79.4

20 Design-driven innovations could be either market- or technology-driven. While lead firms focus on market-driven
innovations, that is, tailoring products to markets, component suppliers focus on technology-driven innovations. Some
lead firms, such as Apple, do both market- and technology-driven innovations.



104 N. Shin et al.

Table 7. Advanced and emerging economies (insiders and outsiders) by types of firms (2000—2005)

Economies

Advanced economies Emerging economies Total

Type Lead firm Count 150 51 201
% within type 74.6% 25.4% 100%
% within economies 33.8% 29.1%
CM/ODM Count 51 61 112
% within type 45.5% 54.5% 100%
% within economies 11.5% 34.9%
Component supplier Count 243 63 306
% within type 79.4% 20.6% 100%
% within economies 54.7% 36.0%
Total Count 444 175 619
% within type 71.7% 28.3% 100%
% within economies 100% 100%

per cent vs. 20.6 per cent). On the other hand, CMs/ODMs are located more in emerging
economies than in advanced economies (54.5 per cent vs. 45.5 per cent). Table 7 (the rows
of per cent within economies) also shows that advanced economies have relatively more
lead firms and component suppliers than CMs/ODMs (88.5 per cent vs. 11.5 per cent),
compared to emerging economies (65.1 per cent vs. 34.9 per cent). These findings suggest
that the three types of firms are not equally distributed across the two economies: that is,
lead firms and component suppliers are largely concentrated in advanced economies. The
test statistics of the Pearson y 2 and likelihood ratio tests are significant at a level of 0.001.
Figure 5 depicts the distribution of lead firms, CMs/ODMs and component suppliers in
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Economies
200 A
€
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O
100
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Component CM/ODM Lead firm
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Figure 5. Distribution of types of firms in advanced and emerging economies
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advanced and emerging economies. It illustrates that advanced economies conform to the
smiling curve, but emerging economies do not.

5. Discussion and Conclusions

This research empirically analyzes the pattern of value capture in the global electronics
industry. It demonstrates that lead firms and component suppliers, particularly suppliers of
key components, capture most of the value created from a successful product in global
production networks in which production and product development are outsourced to CMs
and ODMs. Compared to CMs and ODMs, lead firms and component suppliers are in a
position to build up higher entry barriers by deploying and integrating such resources as
marketing, branding and intellectual property, thereby capturing higher profits.

The contribution of this research is threefold: first, it provides theoretical support for the
smiling curve concept by showing that its predictions are consistent with theory from the
resource-based view, dynamic capabilities and industrial organization. Although the concept
has been used in prior research, it has not previously been analyzed in relation to existing
theory. This research did so and found strong support.

Second, the research provides empirical evidence for the theoretical predictions. By
applying the concept of the “smiling curve” to analyze value capture among lead firms,
component suppliers and CMs/ODMs, it shows which firms are most likely to profit in global
value chains. There has been limited empirical testing of the smiling curve argument in prior
research.

Third, this research also sheds light on globalization of production networks by showing
the importance of value chain position for capturing higher profit margins in today’s global
electronics industry. For higher profits, a firm can either move downstream and
develop brands or move upstream and develop innovative components. This is not easy
in practice, as CMs and ODMs generally do not possess capabilities in either R&D or
marketing, and face the potential loss of their CM/ODM business if they try to compete with
their own customers. However, a few have made the transition from CM to brand name
vendor (e.g. HTC) or divested their CM/ODM businesses to concentrate on their own brands
(Acer, Asustek).

The “smiling curve” predictions are right if value is defined in terms of gross margins, but
the cost of sustaining a position on either end of the curve (R&D for component suppliers and
sales/marketing for brand name firms) is so high that returns on investment are similar
across the curve. This is what basic economics would predict—if one segment or company
is more profitable than others, then investors will bid up the price until its returns are normal.
What is surprising is that the industry continues to sustain negative returns on equity on
average. Perhaps many money-losing firms remain in business in the hope of developing a
breakthrough product and turning their losses into gains.

From a national policy view, if the goal is to employ high-paid scientists, engineers and
marketing people, then it makes sense to try to move into the upstream and downstream
parts of the value chain, as higher margins captured from such positions in the value chain
can support R&D and marketing activities. However, many developing countries cannot
reasonably aspire to such a goal. It is important for policymakers in these countries to
remember that the companies in the middle of the value chain still make gross profits and
provide jobs for low- to moderate-skilled workers and some engineers and managers.
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In addition, they provide an opportunity for learning and, possibly, for moving to a better
position along the value chain.

The research suggests several directions for future work. This research categorizes
firms into pure lead firm, CM/ODM or component supplier. Although value chains in the
electronics industry have steadily disintegrated over the past several decades, there are still
major firms, especially in Japan and Korea, with highly integrated operations. Since those
firms can have mixed sales figures such as sales from brand products, from contract
manufacturing and from components, it would be interesting to replicate the present analysis
using sales percentages of different operations for firms to see if the current results still hold.

Future research could also focus on a particular industry such as the semiconductor
industry where fabless chip companies such as Qualcomm and Nvidia outsource
chip manufacturing to contract chip manufacturers (foundries). It would be interesting to
examine who captures the most value in the global semiconductor industry by comparing
fabless chip companies and contract chip manufacturers. Future research could also narrow
down the scope into a particular country, such as Taiwan or China, and examine if the
pattern of the value capture evidenced in this study holds for the country. Although this
research discusses the impacts of innovation (R&D) and branding on value capture by firms
in the global industry, it does not control for country economic variables in the analysis.
Therefore, future research could provide additional understanding about value capture in the
global electronics industry by incorporating such variables into an analysis.
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