
Office of Industries 
 Working Paper ID-057 
 September 2018 

Disclaimer: Office of Industries working papers are the result of the ongoing professional research of USITC staff 
and solely represent the opinions and professional research of individual authors. These papers do not necessarily 
represent the views of the U.S. International Trade Commission or any of its individual Commissioners. 

Framework for Analyzing the 
Competitiveness of Advanced 
Technology Manufacturing Firms  
Andrew David, Mitchell Semanik, Mihir Torsekar 

Abstract 

This paper presents a framework that can be used to analyze the competitiveness of advanced 
technology durable goods manufacturing firms. The four main factors of competition for advanced 
technology firms identified by the authors are (1) production and delivery capabilities, (2) production 
and delivery costs, (3) operational capacity, and (4) innovation and product differentiation. Within each 
of these factors are four to six subfactors of competition, such as labor, financial capacity, and research 
and development. Each of the four factors and many of the subfactors are linked, with competitiveness 
on one factor influencing a firm's ability to compete on another factor. These factors and subfactors 
provide a basis for the analysis of firm-level competition that can be applied across advanced technology 
industries, regardless of the type of good produced by the firm.   
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Introduction 
The ability of manufacturing firms to compete in advanced technology industries is increasingly driven 
by a broad range of competencies, some of which were only minor considerations a generation ago. As 
with all manufacturing firms, low production costs are important for a firm to gain and maintain 
competitiveness in its industry. Modern technology-driven firms, however, also need to supply value-
added services, provide effective cybersecurity, use advanced data analytics, and generate innovative 
products and processes in order to be competitive. In order to assess the relative competitiveness of 
these advanced technology firms in relation to each other, it is helpful to have a comprehensive outline 
of the factors needed to compete in advanced technology industries. This paper, therefore, provides a 
framework to analyze competition among advanced technology durable goods manufacturing firms, 
laying out the major factors that need to be considered in an analysis of firm competitiveness.  

The framework in this paper is designed to assess the competitiveness of advanced technology firms, 
rather than advanced technology industries. This paper uses firm activities, assets (e.g., intellectual 
property), and capabilities as the basis for a competitiveness framework, which are referred to as factors 
and subfactors of competition. The specific factors were selected based on an extensive review of the 
academic literature, media reports, business literature, etc. The authors also reviewed factors of 
competition that firms self-identified, including through a review of company financial reports. Finally, 
the authors reviewed competitiveness factors identified for advanced technology industries and firms in 
U.S. International Trade Commission (Commission) studies. 

The next section of the paper will define advanced technology firms, and the following section will 
provide an overview of the research that provides the theoretical foundation for the framework. The 
main focus of the paper is the subsequent sections, which introduce the framework and discuss each 
factor and subfactor of competition in more detail. 

Definition of Advanced Technology Firms 
The purpose of this paper is to develop a framework that applies to advanced technology durable goods 
manufacturing firms. Examining widely used definitions from the Bureau of Labor Statistics (BLS), 
International Trade Administration (ITA), and Brookings Institution, four durable goods North American 
Industry Classification System (NAICS) manufacturing subsectors are identified as containing high-tech 
or advanced industries by all sources: (1) machinery manufacturing (NAICS 333); (2) computer and 
electronic product manufacturing (334); (3) electrical equipment, appliance, and component 
manufacturing (335); and (4) transportation equipment manufacturing (336).1 The framework in this 
paper is designed to apply to these four subsectors as well as miscellaneous manufacturing (337) 

                                                           
1 BLS and Brooking define the industries at the NAICS 4-digit (industry group) level. Each of the 3-digit NAICS 
included here has at least one 4-digit NAICS on the BLS and Brookings List. The ITA list is at the three-digit 
(subsector) level. The industries covered in this paper (which is not a detailed analysis of individual industries) are 
at the 3-digit subsector level. Wolf and Terrell, “The High-Tech Industry,” May 2016; USDOC, ITA, “High-Tech 
Industries,” 2017, 3; Muro et al., America’s Advanced Industries, February 2015, 21. 
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Appendix A).2 Miscellaneous manufacturing is included here (though not in all definitions of advanced 
manufacturing) as it includes medical devices not covered by the other NAICS subheadings. 

The five subsectors covered here are research and development (R&D) and information and 
communications technology (ICT) intensive, as would be expected from advanced technology industries 
(figure 1).3 These industries are also heavy users of advanced production technology. The automotive 
industry, for example, is the largest user of industrial robots per 1,000 workers, and the aerospace and 
automotive industries contain the largest share of firms that expect to use 3D printing.4 

Figure 1 ICT and R&D intensity of advanced technology durable goods subsectors 

 
Source: DOL, BLSs, “May 2017 National Industry-Specific Occupational,” March 30, 2018; Census Bureau, “Annual Survey of 
Manufactures,” December 15, 2017; NSF, “Business Research and Development,” March 12, 2018, tables 17 and 47. 
Notes: The ICT share of expenditures are capital and other expenditures (based on the Annual Survey of Manufactures) on 
computers and software equipment and services as a share of all capital and other expenditures. The share of employees in 
computer occupations are the share of workers defined as “computer and information systems managers” (occupational code 
11-3021), “computer occupations” (15-1100), and “computer hardware engineers” (17-2060). The share of employees in R&D is 
global employment by respondents to the National Science Foundation’s (NSF) survey. R&D spending is domestic R&D spending 
paid for by the company and others as a share of domestic net sales. 

As this is a firm-level framework, and goods and services are inextricably tied together in many of these 
firms, this framework does not separate goods and services provided by firms within the five covered 

                                                           
2 This framework can be applied to analyze the competitiveness of firms at any level (such as the subsector, 
industry group, or industry level). For example, it could be used to analyze the competitiveness of all agricultural 
equipment manufacturers or those that specifically produce lawn and garden equipment. 
3 This methodology for ICT intensity is adapted from USITC, Digital Trade, July 2013, 3-2–3-4. 
4 Acemoglu and Restrepo, “Robots and Jobs,” March 2017, A-14; Ernst and Young, EY’s Global 3D Printing, 2016, 
19. 
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subsectors. As will be discussed below, many advanced technology firms offer embedded or related 
services that enhance the value of products and may increase firm competitiveness and profitability. 

Activities, Assets, and Capabilities as the 
Foundation of Competitive Advantage 
The framework proposed for this analysis builds on the work of Michael Porter, who proposed that a 
firm’s activities are the basis for its competitive advantage.5 A firm, according to Porter, performs a set 
of activities that include all of the steps in producing and delivering a product to customers, as well as 
related support activities such as technology development and procurement. A firm can develop a 
competitive advantage if it is able to combine these activities or perform them in a unique way that 
leads to either lower costs or a differentiated product that provides more value to customers and can 
sell at a higher price. While there are hundreds of possible activities, Porter divides them into nine 
categories, and then further into general areas of primary activities—which are all activities related to 
producing and delivering the product to customers—and support activities that are not explicitly part of 
the primary activity, but may impact all of the primary activities.6 While described separately, the 
activities are linked and improvements in one area may contribute to competitive advantage in another 
area.7 

Chris Zook and James Allen state that competitive advantage derives from a firm’s ability to differentiate 
itself from its competitors.8 According to Zook and Allen, firms can differentiate themselves via 
“superior cost economics, unique product features, or control over a key position in a larger economic 
system.”9 They identify more than 250 types of differentiation, which they group into 15 “clusters” in 
three categories: management systems, operating capabilities, and assets.10 For the purposes of this 
paper, the key addition to Porter’s work is the inclusion of assets as a source of competitive advantage. 

Deloitte indicates that it is the capabilities of manufacturers that differentiate them and provide them 
with a competitive advantage.11 According to Deloitte, these “capabilities, when coupled together, are 

                                                           
5 Michael Porter’s framework applies to all firms, and not just the advanced technology durable goods 
manufacturing firms covered in this paper. 
6 Primary activities are inbound logistics, operations, outbound logistics, marketing and sales, and after-sales 
service. Support activities are firm infrastructure, human resources management, technology development, and 
procurement. Porter, “Competitive Advantage: Enduring Ideas and New Opportunities,” June 22, 2012, 6. 
7 Porter, “What is Strategy?” 2008, 38; Porter and Millar, “How Information Gives You Competitive Advantage,” 
2008, 75–77. 
8 Zook and Allen, Repeatability, 44–45. 
9 An example of this last type of differentiation would be Intel’s position in supplying processors for personal 
computers. Zook and Allen, Repeatability, 45–46. 
10 Management systems include portfolio management and finance; mergers and acquisitions, joint ventures, and 
partnering; regulatory management; business unit strategy and driving priorities; and human resources 
management and culture. Operating capabilities include supply chain and logistics; production and operations; 
development and innovation; go-to-market; and customer relationships. Assets include tangible assets; scale; 
technology and intellectual property; brand; and tied customer network. Zook and Allen, Repeatability, 47–49. 
11 Deloitte Center for Industry Insights, High-performing Manufacturers, 2016, 1. 
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difficult for their competitors to replicate, and when executed well, they create long-term competitive 
advantage by generating greater customer loyalty, higher market share, and superior profitability.”12 
Further, certain “capabilities will enable the organization to create unique value and consistently deliver 
that value to customers in a way that is distinct from competitors’ offerings.”13 

Proposed Advanced Technology 
Competitiveness Framework 
Overview 
The four main factors of competition for advanced technology firms are (1) production and delivery 
capabilities, (2) production and delivery costs, (3) operational capacity, and (4) innovation and product 
differentiation (figure 2). Production and delivery capabilities and costs are all the activities and costs 
associated with producing goods (and related services) and delivering them to customers. Operational 
capacity and innovation and product differentiation capture other relevant firm characteristics. Within 
each of these factors are four to six subfactors of competition, such as labor, financial capacity, and 
research and development. Each of the four factors and many of the subfactors are interconnected, with 
competitiveness on one factor influencing a firm's ability to compete on another factor. For example, 
innovation can result in new production processes, which can improve production capabilities and lower 
costs. While not explicitly included in the framework, costs also apply to operational capacity and 
innovation and product differentiation, and lowering these costs can be an important priority for firms. 
Factors such as price that are often associated with competitiveness are not included in the framework 
as they are the result of factors discussed here rather than factors themselves (see appendix B). 

                                                           
12 Deloitte Center for Industry Insights, High-performing Manufacturers, 2016, 1. 
13 Deloitte divides the capabilities into four areas, depending on whether companies have current or future 
advantages. High-performing manufacturers have both current and future advantages, for example, in areas such 
as brand strength; a skilled workforce; global sales, marketing, distribution, and logistics; a strong balance sheet; 
cybersecurity; and the protection of intellectual property. Deloitte Center for Industry Insights, High-performing 
Manufacturers, 2016, 3, 6. 
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Figure 2 Factors of competition for advanced technology firms 

 
Source: Staff research. 

The relative importance of the factors in the framework varies by industry, and even within an industry 
firms may compete on different factors. For example, firms in some industries may compete primarily by 
differentiating their products, while in other industries there may be little opportunity for firms to 
differentiate products and production costs may be more critical. In the smartphone industry, for 
example, some firms primarily supply differentiated products (e.g., Apple), while others may compete by 
supplying low-cost products. Other companies compete with both differentiated and low-cost 



Framework for Analyzing the Competitiveness of Advanced Technology Firms 

6 | www.usitc.gov 

products.14 When all firms in an industry compete primarily on a single element, such as cost, this can 
drive down overall industry profitability.15 However, when firms within a particularly industry compete 
on different elements, this can increase overall industry profitability because firms provide product and 
price mixes that compete for different customers.16 When applying the framework to specific industries, 
all of the factors may not be relevant or it may be appropriate to combine certain factors (such as 
production capabilities and costs) into a single analysis. 

Production and Delivery Capabilities 
Production and delivery capabilities are all activities associated with manufacturing a good and 
providing it to customers. The most competitive firms are able to produce innovative products, at high 
quality, that can be delivered to customers in a timely manner. The key capabilities are (1) supply chain 
management, (2) production, (3) logistics, and (4) service and support. 

Supply chain management 
Firm-level competitiveness can be heavily influenced by effective supply chain management. The supply 
chain includes all of the raw materials, parts, and other inputs that go into producing a good, as well as 
associated logistics (including inventory management). The management of a supply chain involves a 
number of considerations (in addition to costs, which are discussed below), such as ensuring an 
adequate supply of inputs, making certain that inputs meet quality requirements, maintaining the 
appropriate inventory level, monitoring the financial condition of suppliers, and ensuring that the supply 
chain is resilient enough to withstand any potential disruptions (e.g. shortage of raw materials arising 
from natural disasters, currency fluctuations, etc.).17 

Supply chain resilience is especially critical for advanced technology manufacturing sectors, because the 
production of these goods tends to occur in numerous countries. Semiconductor manufacturing, for 
example, is fragmented across multiple countries.18 In response to severe droughts in Taiwan, a 
Taiwanese firm (Taiwan Semiconductor Manufacturing Co.) and a U.S. firm (United Microelectronics 
Corporation) jointly developed a water recycling program to mitigate supply chain risks and ensure 
consistent production.19 In sectors such as machinery, motor vehicles, and aerospace, firms rely on 

                                                           
14 Duberstein, “Xiaomi IPO,” June 29, 2018; Hruska, “Apple Gained Market,” July 26, 2018; Tao, “Huawei Leads,” 
July 26, 2018; Ismail, “Moto Now Owns,” April 19, 2018; Fieldhack, “Overall Q1 US Smartphone,” May 22, 2018. 
15 Porter, “The Five Competitive Forces that Shape Strategy,” January 2008, 32–33. 
16 Porter, “The Five Competitive Forces that Shape Strategy,” January 2008, 32–33. 
17 Sheffi, “Preparing for Disruptions Through Early Detection,” Fall 2015; Deere & Company, Form 10-K, December 
18, 2017, 7; Caterpillar, Form 10-K, February 15, 2018, 6; Apple Inc., Form 10-K, November 3, 2017, 65; Bain & 
Company, “Inventory Management,” July 6, 2011; Dobbs et al, Playing to Win, September 2015, 78. 
18 SIA, “The Global Semiconductor Supply Chain,” 2014. 
19 Bollinger, “Managing Risk,” April 20, 2015. 
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global suppliers for key components and any delays in deliveries by these suppliers can slow 
production.20 

Another competitive supply chain management strategy is to demonstrate sustainability. This has 
become especially critical as the advent of international accords, the introduction of manufacturing 
standards, and mounting consumer preferences for products with a minimal environmental impact have 
placed pressure on firms to work with their suppliers to reduce carbon emissions and limit 
environmental waste. 21 A 2014 survey by Accenture revealed that 81 percent of CEOs believed in 
demonstrating the sustainability of their production, in part, to satisfy customer demands.22 

Production capabilities 
The ability of high tech firms to produce innovative, high quality products is critical to firm 
competitiveness, as is the ability to quickly bring new products to market, to rapidly switch between 
products as technology changes, and to offer customized products. In the semiconductor industry, for 
example, manufacturers can differentiate themselves from competitors by offering chips with the most 
advanced technologies.23 One survey of manufacturers found that “quality management systems” was 
the top ranked of “potential technology advancements to improve business performance in the next five 
years.”24 Firms in consumer oriented industries, such as consumer electronics and automobiles, are able 
to increase product customization and lower time to market by implementing new production 
techniques, such as artificial intelligence, robotics, and additive manufacturing.25 

Strategic use of technology is another important way in which advanced technology firms are able to 
improve their production capabilities. For example, advanced production capabilities, such as “smart 
manufacturing systems,” allow firms to incorporate new technologies that provide real-time data to 
decision makers, while also providing predictive maintenance and failure preventing capabilities.26 
Improving production capabilities, whether through adopting new technologies or streamlining 
processes that increase productivity or create differentiation in capabilities, is one way in which firms 
are able to become more competitive. Firms with greater production capabilities will manufacture 
products with additional added value.27 When competitors are unable to make similar production 
capability upgrades, the more competitive firms are able to capture higher market shares, create 
customer loyalty, and improve profitability.28 

                                                           
20 Wall and Cameron, “Boeing, Airbus Strain to Deliver,” July 15, 2018; Aeppel and Singh, “Why Caterpillar Can't 
Keep Up,” May 23, 2018; Ruda, “Biggest Risks,” August 8, 2017. 
21 DNV-GL, Viewpoint Report, February 2018; Naden, “You Are What You Buy,” April 21, 2017. 
22 Accenture, “CEOs and Consumers Disconnected,” July 15, 2014. 
23 TSMC, TSMC Annual Report 2017, March 12, 2018, 14; Morris, “Inside GlobalFoundries’ Long Road,” March 13, 
2018. 
24 IndustryWeek, Custom Research, and Kronos Inc., “The Future of Manufacturing: 2020 and Beyond,” 2016, 7. 
25 World Economic Forum, “Technology and Innovation,” March 2017, 4, 10. 
26 Jung et al., “Mapping Strategic Goals,” 2015, 184-185. 
27 World Economic Forum, “The Future of Manufacturing,” November 2014, 8. 
28 Deloitte Center for Industry Insights, High-performing Manufacturers, November 29, 2016. 
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Logistics capabilities 
Outbound logistics, which is the “process related to the movement and storage of products from the 
end of the production line to the end user,”29 is a significant aspect of firm competitiveness. It is 
important for firms to deliver products to customers efficiently and on-time. Customers increasingly 
demand shorter delivery time frames, and there may be financial penalties for firms that do not deliver 
products on time.30 Global logistics capabilities are important for firms that want to compete beyond 
the domestic market.31 

Access to transportation infrastructure is an important consideration in plant location selection 
decisions, demonstrating the importance of logistics.32 For example, wind turbines are large, difficult to 
transport products and important considerations when locating a wind turbine manufacturing plant 
include the availability of multiple shipping options and proximity to customers.33 Similarly, business jet 
manufacturers need sufficient land at their plant for a runway and a location to hold aircraft until they 
are delivered.34 

Service and support capabilities 
Services are an increasingly important component of product offerings and include not just after sales 
service, but also additional products that can increase the value of the original product for the customer, 
while also providing benefits to the firm.35 In the business jet industry, where firms need to provide 24 
hour service near aircraft locations, the quality of the services provided by business jet sellers is a key 
factor in jet sales. After sale business jet services include repair and maintenance, parts distribution, 
equipment and software upgrades, as well as other services that can lower customer operating costs 
and affect purchasing decisions.36 Aircraft manufacturers are also using after-sales services, such as 
replacement parts and repairs, to compete against other aircraft service and parts manufacturers to 
capture a larger share of the market and increase profit margins.37 Wind turbine manufacturers 
expanded their operations and maintenance, design, and installation service offerings as “a potentially 
strong revenue stream to supplement equipment sales” in “an increasingly competitive equipment 
market.”38 

                                                           
29 CSCMP, Supply Chain Management Terms and Glossary, August 2013, 139. 
30 JDA, JDA 2018 Intelligent Manufacturing Survey, 2018, 3. 
31 Deloitte Center for Industry Insights, High-performing Manufacturers, 2016, 6. 
32 Gambale, “32nd Annual Corporate,” Q1 2018; Automotive Logistics, “Plant Locations,” June 10, 2016; David, 
Wind Turbines, June 2009, 14–16; Torsekar, “China Climbs the Global Value Chain,” March 2018, 8. 
33 David, Wind Turbines, June 2009, 14–16. 
34 USITC, Business Jet, April 2012, 2-11. 
35 Huang et al., “How Customer Service,” January 16, 2018; Porter and Heppelmann, “How Smart Connected 
Products are Transforming Companies,” October 2015, 18; Oxford Economics, Manufacturing Transformation, June 
9, 2013, 9. 
36 USITC, Business Jet, April 2012, 2-13. 
37 Scott, “Boeing Takes on Peers,” October 24, 2016; The Straits Times, “Airbus, Boeing Chase,” May 14, 2018. 
38 USITC, Renewable Energy and Related Services, August 2013, 4-12. 
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Connected products have necessitated a shift in strategy from targeting one-time sales opportunities to 
emphasizing prolonged customer service.39 For example, preventative monitoring and services reduce 
the necessity of in-person support, adding value to customers via after-sales services and lowering 
repair costs for firms.40 Aircraft engine manufacturers use preventative monitoring to identify when a 
specific part will need to be replaced before it becomes ineffective, reducing flight delays for aircraft 
operators.41 Firms offering complementary services through extended customer support are also able to 
collect additional data used to improve customer experience and lower company costs.42 In addition to 
preventative monitoring, aircraft engine manufacturers analyze in-flight data to increase fuel efficiency 
to lower costs for aircraft operators.43 

Production and Delivery Costs 
Lower production and delivery costs enable firms to increase profitability and employ a variety of pricing 
strategies. Further, firms that are able to optimize processes or lower prices through economies of scale 
create a barrier to entry for new firms. Four production and delivery costs are discussed below: (1) 
supply chain costs, (2) production costs, (3) logistics costs, and (4) service and support costs. 

Supply chain costs 
Lowering supply chain costs (especially material and input costs) is important for manufacturers,44 and 
can impact firm competitiveness. Material and input costs alone accounted for 37 to 65 percent of the 
value of U.S. shipments in 2016 for the five advanced technology NAICS subsectors covered in this 
report.45 Volatility in materials and input prices is also a significant concern for many firms.46 Raw 
materials such as steel and aluminum, for example, account for a significant portion of vehicle 
production costs, and an increase in these costs can have a significant impact on firm profitability.47 
Firms can lower their supply chain costs or the risk of price volatility in a number of ways, such as 
diversifying their supplier base, fostering close collaboration with suppliers, and hedging the risk of price 
increases.48 

                                                           
39 Porter and Heppelmann, “How Smart Connected Products are Transforming Companies,” October 2015, 18. 
40 Porter and Heppelmann, “How Smart Connected Products are Transforming Companies,” October 2015, 19-20; 
Porter and Heppelmann, “How Smart Connected Products are Transforming Companies,” December 2015, 6. 
41 RTInsights, “How Rolls-Royce Maintains Jet Engines,” October 11, 2016. 
42 Porter and Heppelmann, “How Smart, Connected Products are Transforming Competition,” November 2014, 15; 
Porter and Heppelmann, “How Smart Connected Products are Transforming Companies,” December 2015, 6. 
43 RTInsights, “How Rolls-Royce Maintains Jet Engines,” October 11, 2016. 
44 One survey found that “material costs” were the second highest ranked market challenge for firms. 
IndustryWeek, Custom Research, and Kronos Inc., “The Future of Manufacturing: 2020 and Beyond,” 2016, 2. 
45 Includes the value of receipts for services. U.S. Census Bureau, “2016 Annual Survey of Manufactures,” accessed 
July 17, 2018. 
46 Deere & Company, Form 10-K, December 18, 2017, 13; Caterpillar, Form 10-K, February 15, 2018, 10; Apple Inc., 
Form 10-K, November 3, 2017, 65; Ford, Form 10-K, February 8, 2018, 13. 
47 Carey, “Ford Complains Rising Metals Costs,” January 24, 2018; Kallstrom, “Raw Materials,” February 10, 2015. 
48 Noor, “The Power of Successful Supplier Collaboration,” February 2013; Ford, Form 10-K, February 8, 2018, 94. 
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At the same time, advanced technology industries have leveraged newer technologies to lower input 
(and hence, supply chain) costs.49 For example, GE has used additive (3D) manufacturing to produce fuel 
nozzles for its LEAP aircraft engine, replacing the 20 inputs that are traditionally made across a number 
of countries with a single manufacturing process that is made in a single location.50 Further, within the 
electronic products sector, 3D manufacturing has been used to produce a variety of components, such 
as electronic circuits and electronic insulators.51 The use of this technology has enabled these firms to 
shorten production cycles and become less reliant on imported parts. 

Production costs 
Two main ways in which firms are able to boost competitiveness in the area of production capabilities 
are through lowering production costs and boosting productivity. Manufacturing firms that are able to 
lower costs, such as through increased efficiency associated with production capabilities, will be more 
competitive than other firms with higher costs. Firms able to reduce production costs may lower prices 
or increase profits.52 In instances where the good or service is not differentiated from a competitor's 
product, firms will compete on price and low costs are important for a firm to remain profitable.53 

Low costs are also a barrier to other firms entering the industry, as established firms may have 
economies of scale or other advantages, such as production efficiencies or experience, that make it 
difficult for new firms to enter the market.54 On the other hand, advanced technology firms with 
disruptive technologies may have lower costs that enable them to create new markets by targeting a 
new group of consumers and eventually challenge traditional providers of a good or service.55 Additive 
manufacturing and robotics are examples of technologies that lower production costs for 
manufacturers. Additive manufacturing allows firms to create prototypes and product molds quicker, in 
smaller quantities, and at lower costs versus traditional, subtractive manufacturing. Manufacturing 
firms, in certain circumstances, can also rely on robotics instead of more expensive labor.56 

Logistics costs 
Outbound logistics costs are a significant part of a firm’s overall costs, and manufacturing firms that can 
reduce these costs while still meeting performance requirements can improve their competitiveness. 
One study found that firms (of which 83 percent were manufacturing firms) spend an average of 4.7 
percent of revenue on distribution, and the highest spending group of firms spent an average of 7.9 
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percent of revenue on transportation.57 A USITC survey of domestic producers of remanufactured goods 
found that transportation costs was the factor most commonly cited by firms as extremely important in 
their ability to compete in foreign markets.58 Outbound logistics costs can be reduced in a number of 
ways, such as siting factories in locations with low shipping costs, redesigning products and packaging, 
and increasing the amount of products sent in each shipment.59 With high costs and the volatility of 
certain inputs to transportation and delivery costs, such as fuel costs, firms that are able to more 
efficiently transport and deliver products to customers can lower costs and have a competitive 
advantage over firms relying on traditional approaches.60 

Service and support costs 
After-sales service and support can be a significant cost for companies. In the business jet industry, for 
example, costs for providing services 24 hours a day at geographically distant locations are substantial.61 
Manufacturing firms that optimize after-sales and support services, such as through data collection 
(discussed below) and measuring the performance of products, without increasing costs, will be more 
competitive in the market.62 Customer retention, product design improvements, and short-term profits 
are all examples of benefits manufacturing firms can achieve through after sales services that can be 
maximized by lowering costs.63 For example, customer retention and the potential for follow-up sales, is 
often less costly than finding new customers.64 Additionally, advanced manufacturing firms that export 
products face additional costs associated with service and support. Firms that must recall certain 
products, especially from abroad, will incur high costs associated with both transportation and customer 
satisfaction. Samsung’s recall of its Galaxy Note 7 phone, for example, is estimated to have cost $5 
billion, and damaged customers’ perception of the brand.65 Firms are able to work with local partners to 
lower service and support costs.66 

Operational Capacity 
Operational capacity encompasses a range of firm capabilities. These capabilities are interconnected 
with the production and delivery factors, and may impact multiple subfactors in these areas. For 
example, a firm’s financial capacity impacts its ability to invest in production capabilities and logistics. 
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Operational capacity includes (1) data, (2) cybersecurity, (3) financial capacity, (4) labor, (5) marketing 
and sales, and (6) scale. 

Data 
The generation, storage, analytics, and protection of data are increasingly important determinants of 
competitiveness for advanced technology firms. Data in this context, refers to the vast collection of 
information that companies accumulate, which can be derived internally or externally (e.g., from 
customers, suppliers, and the larger market) and can be both structured (e.g., customer sales data) and 
unstructured (e.g., internet search results). Analytics refers to the statistical methods, algorithms, and 
software-enabled tools that facilitate the interpretation of these data.67 Robust data collection and 
analytical capabilities enable firms to refine the products and services offered to meet the needs of their 
customers, and can be used to improve business processes and practices.68 

A key for companies to adapt and expand into new markets or remain competitive in current markets is 
their ability to generate and use data from those markets, which better enables them to adapt to 
changing conditions or address unique market needs. Firms gather data on customer preferences in 
potential markets to confirm that the offered product or service will be competitive or even in demand. 
Determining customer familiarity with a product or service, on top of market demand, allows firms to 
better customize educational and advertising strategies to compete in the market.69 For example, one 
appliance manufacturer increased sales by updating its advertising strategy after analyzing market data 
that indicated customers made purchasing decisions based off retailer websites, not manufacturer 
websites or print and television advertisements.70 Data gathered about local culture and customs is 
incorporated into those strategies as well.71 Firms that gather information about specific markets, and 
customize their products and services accordingly, will be more competitive. 

A NewVantange Partners (NVP) survey of global Fortune 1000 companies found that for firms that had 
started big data initiatives, the majority had achieved benefits such as increased or new sources of 
revenue and lower expenses.72 A McKinsey study found that these investments tend to yield increases in 
operating profits and value-added productivity.73 At the same time, many firms are struggling to achieve 
the benefits of investments in big data. The NVP survey found that a substantial minority of firms had 
not yet achieved benefits in some categories, such as increasing revenue.74 And the McKinsey study 
found that investments in big data have less impact on certain metrics, such as revenue for consumer 
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companies and costs for business to business companies.75 Companies that invest more than they need 
to in big data may not achieve expected financial returns.76 

One of the major cost drivers and impediments to generating value is low quality data, such as 
incomplete data sets or data containing errors, and firms that address this issue will be more 
competitive.77 One survey found that data scientists spend half their time “collecting, labeling, cleaning, 
and organizing data.”78 Even internal company data are often stored in different locations and systems 
throughout the company, and bringing together this data involves significant costs.79 Newly created data 
also contains many errors, however, and can significantly increase costs for companies.80 IBM estimates 
lower quality data costs in the United States totaled $3.1 trillion in 2016 due to efficiency losses 
associated with time spent to reduce and correct data errors, as well as business and customer 
impacts.81 

Cybersecurity management 
Cybersecurity management, a firm's ability to protect customer and company data and provide secure 
software, platforms, and products, is a potential distinguishing factor in the market, and the inability to 
protect information can damage a company’s reputation, lead to the loss of customers, and result in 
significant costs.82 As firms collect more data from users, the firm's ability to protect the data and the 
overall reputation for security become potential differentiators and sources of value.83 Different 
industries face different costs associated with cybersecurity and data breaches. For example, the 
healthcare and financial services industries face, on average, higher costs than the technology and 
communication industries due to different regulations and needs.84 As a firm’s data becomes 
increasingly sensitive and valuable, the costs of cybersecurity breaches also increase.85 This includes its 
own data and intellectual property (IP). IP, in particular, provides value to firms, and protecting that 
proprietary information is important in retaining competitiveness.86 
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Underinvestment in cybersecurity could result in data breaches that lead to additional costs and 
undermine other aspects of competitiveness.87 According to an Accenture/Ponemon study, the average 
cost to a company of a cybercrime was $11.7 million in fiscal year (FY) 2017, with the highest incident 
costing a company $77.1 million.88 A RAND Corporation study using 2004–15 data found that the 
average cost was $7.8 million, but the median cost was 250,000.89 

At the same time, cybersecurity budgets remain a cost for companies, with an average global company 
information technology budget of $5.1 million in 2016 and organizations worldwide spending an 
estimated $81.6 billion on information security in 2016.90 Firms need to invest in cybersecurity cost-
effectively to ensure that spending remains manageable. Simply spending more does not necessarily 
ensure higher quality outcomes.91 

Financial capacity 
Financial capacity (cash reserves and ability to generate revenue, attract venture capital and equity 
investments, and borrow money on favorable terms) is important for all types of firms, from early start-
ups to mature market leaders. Strong financial capacity enables a firm to invest in new business 
strategies, research and development, the commercialization of new technologies, and advertising.92 
Research and development and up-front advertising, for example, take place before a product or service 
has been monetized, thus requiring a company to rely on its pre-revenue finances to cover costs and 
creating a barrier for other firms without adequate financial capacity.93 The ability to attract initial 
funding from investors is especially important for advanced manufacturing start-ups, which may focus 
on growth and remain unprofitable for years, due in part to high fixed asset costs.94 Even some 
established companies reinvest substantial revenue into further expanding business operations, thus 
limiting profitability.95 
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Financial capacity also enables firms to respond to new entrants (or deter new entrants), the emergence 
of competing products, or other market changes.96 A financially secure firm is also more capable of 
responding to competitors through purchasing complementary or competing technology or assets.97 
Cisco, for example, which offers videoconferencing services, purchased Acano, a videoconferencing 
startup, to increase the interoperability of its products with Skype for Business, a competing 
videoconferencing service.98 Firms often make acquisitions to acquire new technologies or intellectual 
property.99 

Labor 
Access to workers with diverse skillsets (such as knowledge in engineering, regulatory affairs, user 
interface design, data analytics, systems integration, cloud competency, and software development) is 
critical to the competitiveness of advanced technology firms.100 Firms which are able to employ and 
retain talented individuals, especially in IT and engineering departments, will be more efficient at 
implementing new business strategies and creating new product features aimed at boosting 
competitiveness. A lack of access to skilled employees can be a barrier in accomplishing a firm’s 
strategies.101 Additionally, increased demand for software engineers, has led advanced technology firms, 
such as Airbus and Danaher, to compete for skilled labor by locating offices in clusters where advanced 
manufacturing and academia interact.102 

As technology progresses, so do the skills required by production workers in advanced manufacturing 
environments. Firms that improve production equipment to boost competitiveness, as discussed in the 
production capabilities section above, will also need to focus on more effective and skilled factory 
labor.103 One common method manufacturing firms use is “upskilling” current employees by offering in-
house training for new skills.104 In other cases, manufacturing firms fund high-school programs to 
improve skills in robotics, CNC machinery, and 3D printing so production labor becomes more efficient 
and available.105 Additional emerging skillsets for advanced manufacturing workers include virtual and 
augmented reality knowledge, as well as other data visualization tools.106 
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Marketing and sales 
The effectiveness of firms in selling products to customers is an important factor in firm 
competitiveness.107 Effective sales involve everything from traditional sales techniques to using 
technology to optimize offerings and tailor or bundle products.108 Firms can bundle together multiple 
products, yielding an offering that attracts new customers and enhances existing demand among 
current consumers.109 For example, GE Healthcare added value to its diagnostic technologies by pairing 
these devices with enterprise-wide software that enables purchasers to monitor inventories of other GE 
issued medical equipment, arrange servicing appointments, and track regulatory requirements to 
ensure compliance.110 In addition to offering more and targeted value to its customers, bundled 
products and services also raise switching costs of moving to a rival firm and improve customers’ brand 
loyalty.111 

Access to distribution channels can also provide a firm with a competitive advantage and serve as a 
barrier to entry to other firms, though new entrants that find untapped distribution channels can use 
these as a way to ease market entry.112 In the medical device industry, for example, firms that want to 
sell in the Japanese market need relationships “with experienced and well-connected dealers who 
maintain effective distribution networks and access to hospitals and who may assist manufacturers to 
develop long-term supply relationships.”113 Similarly, Chinese medical device manufacturers’ access to 
distribution channels has been one of the reasons that these firms have been able to increase their 
domestic market share.114 

Firms benefit from being able to sell in foreign markets and not just their home markets. Firms that are 
able to sell beyond their home market can benefit from significant additional demand and rapid growth 
in developing countries, all of which can improve profits.115 

Scale 
Scale provides firms with a number of advantages (in addition to economies of scale in production 
described above), such as brand recognition, production experience, proprietary technology, and 
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favored geographic location.116 These advantages present barriers to entry for market challengers and 
inherently give an incumbent a competitive advantage. For example, a large firm may be able to use its 
position and market leverage to enter into exclusivity arrangements with other actors within the 
market.117 Larger, incumbent companies are also able to use established customer bases, and the 
valuable data contained therein, as a tool to scale quickly, enter new markets (potentially disrupting 
conventional industries), limit customer poaching from market challengers, and ultimately remain more 
competitive.118 One study noted that large firms are more likely to create new, innovative technologies 
due to their position of strength in the market over smaller, less established firms.119 Conversely, some 
smaller firms are able to take advantage of network effects and lower costs to be more efficient at 
scaling their business in the face of new technology than larger, more established firms.120 

Innovation and Product Differentiation 
The generation of new ideas, development of new products and processes, and protection of these 
innovations underpin the competitiveness of advanced technology firms. Innovation enables firms to 
develop unique products and achieve higher profits. In certain instances, IP can also serve as a barrier to 
entry for rival firms unable to access these technologies, while in other instances innovation can ease 
market entry, allowing new or smaller firms to challenge existing companies. Innovation may also raise 
switching costs by creating new products or services that can’t be readily exchanged for products 
provided by another firm.121 Innovation is particularly important for advanced technology firms, where 
robust investments in R&D are often necessary to help firms remain ahead in the development of 
technology.122 

Innovation also contributes to firms’ ability to differentiate their products, affording them a competitive 
advantage123 over their competitors, particularly in ways that are not easily replicated.124 Firms that 
differentiate their products are able to charge higher prices and increase profitability, as well as 
potentially increase demand.125 Differentiation also increases customer loyalty, which makes price less 
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of a consideration in purchasing decisions and raises switching costs.126 Five elements of innovation and 
product differentiation are discussed below: (1) intellectual property, (2) access to knowledge, (3) R&D; 
(4) attributes, and (5) customization. 

Intellectual property (IP) 
The granting and protection of IP, including patents, copyrights, trademarks, and trade secrets, provides 
a foundation for companies to obtain benefits from their R&D and innovation. Without IP protection, 
the first firm to invest time and money in a new product or service would always be at a disadvantage to 
later entrants who could simply copy and market products without having to recoup sunk costs.127 IP, 
such as patents, may impact the ability of new firms to enter the market, though new entrants with 
existing IP 128 assets may find it easier to enter the market than those without such IP. In the highly 
competitive advanced technology industries, firms have traditionally relied heavily on IP protections.129 
Advanced technology firms, especially within the computers and electronics sector, are among the 
world leaders in IP-related activities, accounting for the greatest share of global patent and trademark 
applications in 2016 and driving the substantial global expansion of R&D investments in recent years.130 

Access to knowledge 
Firms increasingly need to access ideas and knowledge outside of the firm, and may adopt business 
models that encourage collaboration and facilitate the development of technology over which they 
don't have full control. Open source software, for example, is being used by many firms, including 
established firms that are integrating it into product offerings.131 Firms have also adopted open 
innovation, which is “the use of purposive inflows and outflows of knowledge to accelerate internal 
innovation, and expand the markets for external use of innovation, respectively.”132 As part of open 
innovation, firms may also involve users or outside contributors in the innovation process to provide 
new ideas, designs, and products.133 IP partnerships, which enable firms to access each other’s 
knowledge and new technologies, develop new capabilities, and supply new markets, are becoming 
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more common.134 These IP arrangements can help firms address shared problems, while benefiting all 
participants. For example, Cisco has initiated partnerships with a broad range of firms (including Airbus, 
DHL, and Caterpillar) to help resolve the common challenges associated with supply chain digitization.135 

Firms located in clusters, “geographic concentrations of companies, suppliers, related industries, and 
specialized institutions such as academic programs,” benefit from their proximity to these other 
organizations.136 In the area of R&D, firms’ innovative capacity is enhanced by their increased access to 
capital, knowledge, expertise, suppliers, and skilled labor. Clusters also enable firms to scale their 
innovations more quickly and allow new firms to enter the market as they are able to more readily 
access the range of resources described above.137 Firms may also benefits from national-level research 
and development activities. In the U.S. medical device industry, for example, firms benefit from research 
conducted by the National Institutes of Health and other organizations.138 

Research and development 
A firm’s R&D activities create long-term value for the company through the improvement or new 
development of goods, services, knowledge, and processes.139 Advanced technology firms are among 
the world’s leading investors in R&D, reflecting the priorities placed on building innovative capacity.140 
For example, in 2017, two of the top three spenders on R&D, by industry, were computing and 
electronics and automobiles, with companies such as Intel, Samsung, and Volkswagen among the top 
five spenders globally. Six of the top fifteen companies were automobile companies.141 Medical device 
firms commonly spend an average of 7 percent of revenues on R&D,142 in contrast to the global industry 
average of 4.2 percent.143 

A firm derives a competitive advantage from effective R&D, not from the level of spending alone. 
Factors such as organizational capabilities and whether investment is sustained over time also influence 
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whether companies derive an advantage from R&D.144 Firms with financial capacity often acquire 
smaller firms to get access to their research and innovations.145 For example, traditional vehicle 
manufacturers, their suppliers, and other technology firms are making significant acquisitions of firms 
developing new technologies, such as those for autonomous vehicles and in-vehicle entertainment and 
information.146 

R&D investments are made in technological and business model innovations with the intention of 
creating value for customers, either by inducing them to pay more for an improved product or service, 
or reducing the cost of the product/service.147 Many of the innovations resulting from R&D are 
incremental, leading to improvements to a current product or process. Other innovations, however, 
result in entirely new business models or products. These types of innovations, depending on the 
structure of the industry, may create opportunities for new firms to enter the market and challenge 
incumbent firms or may result in entirely new markets for products.148 

Product attributes 
One way that firms can distinguish themselves is by employing their resources to develop and market 
the various attributes of their products. Attributes refer to the qualities that distinguish a firm’s  
products and services. Successful firms are able to provide multiple attributes that are appealing to 
customers.149 Examples that are important to firm competitiveness include product performance, 
quality, durability, ease of use, flexibility, energy efficiency, safety, connectivity, noise, size, weight, and 
environmental impact.150 In the passenger vehicle industry, for example, attributes that consumers 
consider when purchasing a vehicle include fuel efficiency, reliability, technology (e.g., back-up cameras, 
Bluetooth integration), appearance, utility (e.g., cargo space), and safety.151 Some of these attributes are 
a baseline that a company must maintain in order to compete in a market, while others can form the 
basis of a differentiation strategy that can add value for customers.152 
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Customization 
One major shift for manufacturers is the increasing need to provide more product varieties and 
customized products, often with shorter life cycles.153 A recent survey found that more than half of 
manufacturing firms expect the share of orders that are “configure or assemble to order” to increase in 
the next five years, and that almost half expect the “engineer to order” share to increase during this 
time period.154 This shift is being driven by a number of factors, including the greater availability of 
customer data (enabling firms to better tailor products for the needs of individual customers), growing 
demand in developing countries, and purchaser demands for more customized products.155 
Customization enables firms to deepen brand loyalty (which raises switching costs) and establish prices 
that better reflect the value from the product, all of which improves a firm's competitive standing 
against rivals.156 

Conclusion 
The four main factors of competition for advanced technology firms are (1) production and delivery 
capabilities, (2) production and delivery costs, (3) operational capacity, and (4) innovation and product 
differentiation. These factors are closely related and linked, and while the relative importance of factors 
may vary by industry, assessing a firm’s strengths and weaknesses in each of these areas is crucial to 
understanding the relative competitive position of the firm. The framework, however, is specific to 
competition among firms and cannot be directly applied to an analysis of the competition of national 
industries. Subsequent research will examine modifications to the framework needed to assess 
competition at the industry level. 
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Appendix A 
The industry groups within each of the subsectors covered by this framework are listed in table 1. 

Table 1: Subsectors covered by this competitiveness framework 
Subsector Industry groups 
Code Description  
333 Machinery manufacturing Agriculture, construction, and mining machinery manufacturing (NAICS 

3331) 
Industrial machinery manufacturing (NAICS 3332) 
Commercial and service industry machinery manufacturing (NAICS 3333) 
Ventilation, heating, air-conditioning, and commercial refrigeration 
equipment manufacturing (NAICS 3334) 
Metalworking machinery manufacturing (NAICS 3335) 
Engine, turbine, and power transmission equipment manufacturing (NAICS 
3336) 
Other general purpose machinery manufacturing (NAICS 3339) 

334 Computer and electronic 
product manufacturing 

Computer and peripheral equipment manufacturing (NAICS 3341) 
Communications equipment manufacturing (NAICS 3342) 
Audio and video equipment manufacturing (NAICS 3343) 
Semiconductor and other electronic component manufacturing (NAICS 
3344) 
Navigational, measuring, electromedical, and control instruments 
manufacturing (NAICS 3345) 
Manufacturing and reproducing magnetic and optical media (NAICS 3346) 

335 Electrical equipment, 
appliance, and component 
manufacturing 

Electric lighting equipment manufacturing (NAICS 3351) 
Household appliance manufacturing (NAICS 3352) 
Electrical equipment manufacturing (NAICS 3353) 
Other electrical equipment and component manufacturing (NAICS 3359) 

336 Transportation equipment 
manufacturing 

Motor vehicle manufacturing (NAICS 3361) 
Motor vehicle body and trailer manufacturing (NAICS 3362) 
Motor vehicle parts manufacturing (NAICS 3363) 
Aerospace product and parts manufacturing (NAICS 3364) 
Railroad rolling stock manufacturing (NAICS 3365) 
Ship and boat building (NAICS 3366) 
Other transportation equipment manufacturing (NAICS 3369) 

339 Miscellaneous 
manufacturing 

Medical equipment and supplies manufacturing (NAICS 3391) 
Other miscellaneous manufacturing (NAICS 3399) 

Source: NAICS codes and descriptions from DOL, BLS Website, https://www.bls.gov/iag/tgs/iag_index_naics.htm (accessed July 
17, 2018). 
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Appendix B: Outcomes and Influences not 
Included in the Framework 
The competitiveness of firms is derived from their strengths in each of the factors of competition 
discussed in this framework. Other elements that may influence customer purchasing decisions or that 
are often perceived as elements of competition are not included in the framework because they are 
outcomes of the factors discussed above. Price, for example, is not included in the framework, though it 
is a factor on which customers base purchasing decisions. Price is an outcome of other factors in the 
framework, such as the cost of production and the extent to which products are differentiated from 
competitors’ goods. Similarly, total cost of ownership (which includes the purchase price and other 
costs/attributes, such as repair costs, reliability, and fuel efficiency) is an important factor in customer 
purchasing decisions. As with price, however, total cost of ownership is a result of many other factors of 
competition, such as production capability, production costs, and product attributes. 

Similarly, competitive advantage is not derived from a single best timing of entry for all firms (such as a 
first mover advantage). Instead, the factors in the framework (e.g., innovation, financial capacity) 
influence the best entry timing for each firm. The extent to which firms gain an advantage from moving 
first, for example, depends on factors such as the rate of market growth, speed of technology change, 
and attributes of the firm.157 There are also advantages to firms for moving later (e.g., benefits from 
market development or technology improvement by first movers), and even within the same market 
firms can have different ideal entry timing.158 For large firms, it can be advantageous to wait until a 
market develops and then use their resources to enter the market.159 

Other elements, such as regulations and government policies, may impact individual factors of 
competition in the framework, but are not themselves factors of competition. For example, a 
government policy that provides loan guarantees would impact a firm’s financial capacity. Similarly, a 
government policy that provided for manufacturing equipment purchases would impact the recipient 
firm’s production capabilities. Tariffs can impact a firm’s logistics costs. 

The factors included here are the capabilities required for firms to compete, but the framework does 
not specify whether all of these capabilities need to be in-house or whether they can be contracted out 
to other firms. Industries will have different optimal arrangements of in-house and contracted 
capabilities, and even within an industry the best approach may vary by firm. In the business jet 
industry, for example, a firm needs advanced manufacturing plants, with a runway, ramp space, access 
to good transportation infrastructure, and a reliable utilities infrastructure.160 In the semiconductor 

                                                           
157 Lieberman and Montgomery, “Conundra and Progress,” 2013, 321–322; Suarez and Lanzolla, “The Half-Truth of 
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Framework for Analyzing the Competitiveness of Advanced Technology Firms 

24 | www.usitc.gov 

industry, integrated device manufacturers (e.g., Intel, Samsung) handle all major steps in the value chain 
internally, while fabless firms (e.g., Qualcomm, NVidia) do the research and design in-house, and 
contract out the manufacturing.161 There are a number of trade-offs between performing an activity in-
house or outsourcing it, however, and these have implications on the factors of competition in this 
framework, such as costs, intellectual property protection, knowledge, production flexibility, and 
financial capacity.162 
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