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Figure 3. Compaq Europe, value chain for standard desktop PCs 
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Source:  News reports and company interviews 
 
 
 
Figure 4.  Compaq Europe value chain for build-to-order desktop PCs 
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IV. The Impacts of IT, the Internet and E-commerce on the PC Industry 

 
The PC industry has invested in a variety of IT systems and applications over the past decade.  
This has included investment in internal IT applications by PC makers and other members of the 
value chain, as well as external networks and applications that link members of the value chain.  
Specifically, there has been a large-scale adoption of the Internet and an expansion of e-
commerce as means of integrating the value chain.  These investments have not been made in a 
vacuum, however.  Instead they have been associated with major changes in business processes, 
such as outsourcing of manufacturing, adoption of more complex demand-driven production, and 
use of the direct sales relationship to control the customer relationship and offer a wider range of 
products and services to the final customer. 
 
Internal IT systems 
 
As PC makers have shifted from high-volume assembly line production to flexible build-to-order 
production, they have reorganized the factory floor into production cells, adopted just-in-time 
inventory systems, and linked sales and service functions to production so that salespeople can 
push the products that are available and tech support has complete information on each unit that 
is shipped.  These changes in business processes have been accompanied by the introduction of 
manufacturing planning systems, factory floor applications, order management systems, 
enterprise resource planning applications, customer relationship software, and a variety of 
specialized applications, as well as middleware to link them all together (c.f., Kraemer et al., 
1999; Dedrick and Kraemer, 1998).    These systems have enabled firms to improve operational 
efficiency, reduce inventory, and better coordinate sales, manufacturing, procurement and 
customer service.  They have given managers better information to make decisions, and have 
provided the necessary infrastructure to support online sales.   
 
Similar investments have been made by major value chain partners such as contract 
manufacturers and distributors, increasing the capabilities that these partners can offer to PC 
makers.  They are mostly generic and not asset-specific, so that they can be utilized to serve 
multiple customers and reap economies of scale for the firms making the investment.  For 
instance, SCI’s online, real time MRP system coordinates manufacturing and materiel flows for 
over 40 plants worldwide, allowing it to shift production as necessary to meet the needs of 
multiple customers (Ted Murphy, SCI interview, 2000).  
 
The robustness of internal IT systems is one reason that the most complex processes such as 
configure-to-order production are often still managed within a single firm’s hierarchy.  Internal 
IT systems have capabilities to coordinate a variety of functions needed, such as checking 
technical specifications, financing options and availability of components, managing complex 
production schedules, downloading software, tagging products, and transferring relevant 
information to sales, customer service and technical support personnel.  Until more robust 
standards and sophisticated applications are available on the Internet to manage such processes 
across company boundaries, it is likely that these processes will remain integrated within the 
hierarchy. 
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Interorganizational IT systems 
 
The PC industry was an early adopter of the Internet, using the web to sell its products, provide 
customer service, and communicate with suppliers and business partners.  The most aggressive 
was Dell, which found the Internet to be well suited to both direct sales and build-to-order 
production, as its customers could configure a PC online and either purchase it online or through 
a call center.   Dell began selling online in 1996, and by 2000 it claimed that half of its sales 
volume was web enabled in some way (Kraemer and Dedrick, 2001).  It also offered a variety of 
online services, many of which were tailored for large corporate and institutional customers.  
Gateway quickly followed suit with online sales and service to consumers, while the indirect 
vendors were more cautious due to concerns over channel conflict (Dedrick et al., 2001). 
 
The direct, build-to-order system was not created on the Internet, but it is well-suited to the 
Internet, given the thousands of possible product configurations7 and the need to match 
procurement to constantly shifting demand.  The ability to operate such a complex, time-
dependent order fulfillment process at high volumes puts heavy demands on speed and accuracy.  
This requires an integrated order management system able to provide information to various 
internal departments, as well as external suppliers and business partners to manage production 
planning, procurement, payment, order tracking, and technical support.  In the past, these 
interorganizational information exchanges were usually handled by simple faxes and phone calls 
and in some cases by electronic technologies such as traditional EDI.  In recent years, web-based 
applications and extranets have been used to communicate with value chain partners.        
 
The PC industry uses the Internet for a variety of functions, including product configuration, 
sales transactions, information exchange, and customer service.  Pure Internet sales by PC 
vendors account for only about 10% of final sales, while Internet-enabled sales account for a 
larger share.8  There is probably a larger volume of sales within the value chain that are carried 
out on the Internet or via EDI.  For instance, Intel has shifted the majority of its sales to the web, 
while Dell, Compaq, IBM and others conduct much of their procurement online. 
 
In spite of the large investments made throughout the industry since 1995 and the industry’s 
reputation as a leading user of the Internet, the industry’s value chain is still linked by an 
uncoordinated mix of information systems, ranging from EDI to web-based applications, e-mail, 
faxes, phone calls and in-person meetings.9  There are few common standards across the 
industry, and smaller participants often have minimal IT capabilities.  EDI is expensive and 
limited in capabilities and therefore used only with major suppliers or customers.  Creating 
closer links between separate firms’ internal IT systems often requires costly customization via 
middleware and message broker layers.  Outside the U.S., the situation is worse, especially in 
                                                 
7 At one time, Gateway offered as many as 23 million possible configurations of all its models, a number it has since 
reduced to simplify its production systems (Fried, 2001). 
8 IDC defines pure Internet sales as those for which the order was placed and payment made online.  Other sales 
may involve use of the web for information gathering, configuration and order placement, but not include payment 
online.   
9 For instance, Ingram Micro takes orders via EDI, dumb terminal connections, fax, phone, web interface, and a 
special inside connection for online stores to link to its databases (John Martinez interview, December 2000). 
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Asia where the largest share of manufacturing takes place.  This lack of standardization is the 
main driver of RosettaNet, an industry effort to set XML-based standards for exchanging 
information across the value chain.  As might be expected, the CMs, major distributors and some 
PC makers are leading the drive to these industry-wide standards. 
 
Impacts of IT on industry structure 
 
What impacts have internal and interorganizational IT use had on the PC industry structure?  We 
find that the availability of the Internet and other forms of e-commerce, combined with existing 
and emerging internal IT applications, has enabled many of the changes in firm value chains and 
industry organization as described previously.  
 
• The capabilities of tightly integrated internal IT systems have supported the shift from 

supply-driven to demand-driven production by linking the entire order fulfillment process, 
from order-taking to delivery.  The internal IT systems of PC makers are able to handle large 
amounts of complex data and transmit necessary information to internal units and external 
partners to fulfill their functions.   

• The internal IT systems of CMs and distributors are important resources that enable these 
firms to expand their capabilities and geographic scope.  As a result these firms can cover a 
wider range of value chain activities, and PC makers can outsource an entire set of processes 
to them. 

• The Internet provides a common infrastructure and set of standards to all firms, without the 
need for investment in expensive proprietary network infrastructure.  As a result, at least 
some forms of information can be exchanged quite easily, such as product information, 
constantly updated sales and production forecasts, inventory information, price information, 
and technical documentation.    This information may be relatively simple, but is all that is 
needed for many of the transactions that take place in the industry, given the standardization 
of products and processes.   

• The Internet and EDI (to a lesser extent) support the modular production and distribution 
network by making IT investments less asset specific.  Ingram’s use of its sophisticated order 
management system to support the web storefronts of both PC vendors and retailers is an 
example.  The Internet not only provides the infrastructure to support these storefronts, but 
allows Ingram to present information from its internal systems in the same way for multiple 
customers, and to let those customers link up to Ingram’s systems with either a web interface 
or direct access.  If Ingram had to engage in extensive custom programming to link up to 
each customer individually, it would be forced to make asset-specific investments that could 
not be leveraged over a number of customers.10   

• The Internet and EDI, when linked to internal IT systems, allow for greater flexibility in 
designing the value chain.  Direct shipment from a contract manufacturer to the customer is 
simpler and faster than having the product change hands several times, but requires complex 
information flows to trigger and record physical actions and financial transactions.  One 
example provided by Ingram Micro’s IM Logistics business showed the fulfillment of a 

                                                 
10 As stated above, Ingram interacts with customers and suppliers in various ways, but the number of methods is 
limited.  It does not need to create customized links for each partner, and it uses the same back-end databases and 
order management system for all customers. 
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single order for a product from manufacturer to customer involved two physical shipments 
but 12 information exchanges (Source: diagram provided by Ingram Micro).   

• The Internet is well-suited to direct sales, and has helped Dell in its rise to become the 
leading PC maker.  It would have been more costly for Dell to achieve the rapid expansion 
that it has without being able to automate functions such as order taking and customer 
service at least to some degree, and the Internet has been a key enabler of this automation.  
Dell’s success has caused its competitors to move toward more direct sales and delivery 
channels, causing some of the transformation that has occurred in the distribution and retail 
segments of the industry.  The cost advantages of the direct model would have caused 
disruption with or without the Internet, but the Internet at least accelerated the shift in market 
share and the urgency of other players to react.   

• Both internal and interorganizational IT investments can lead to higher returns on investment 
as transaction volumes increase.  The investment in an order management system is mostly a 
fixed cost, with the marginal costs of handling additional transactions being very low.     By 
contrast, each time a physical good is handled, there is a marginal cost.  If information 
exchanges can be used as a substitute for physically handling a product, or for keeping 
inventory on hand, the cost savings can be significant.  As volumes increase, the cost savings 
potentially continue to mount without corresponding increases in IT investment.  

 
To summarize, the driving forces behind the changes in the value chains of the PC industry have 
been a combination of competitive pressures including the rise of the direct sales model, falling 
prices throughout the industry, and faster product cycles increasing the importance of inventory 
costs.  The use of IT, the Internet and e-commerce have enabled many of the changes in the 
industry and have helped shape the new forms of industry organization that have emerged. 
 

V. Implications for theory 
 

Our research suggests that Williamson’s concerns with the risk of market transactions has been 
addressed in ways that usually do not involve bringing activities into the firm hierarchy.  Instead, 
new organizational forms have been developed that achieve the lower production costs of market 
transactions while reducing the risk of opportunism and uncertainty.  The emergence of such an 
alternative was posited by Powell (1990), Clemons, et al (1993), Wigand (1997), and even by 
Williamson himself (1985), in the form of the network organization.  The PC industry exhibits a 
particular form of network structure, defined by Sturgeon (2002) as a modular production 
network consisting of multiple suppliers and vendors avoiding interdependence through flexible, 
formalized relationships.   We expand on this definition to include the distribution side of the 
value chain, which has similar characteristics in terms of relationships among firms.   
 
A new contribution to theory is our finding that the modular network industry structure serves as 
a kind of menu from which individual firms can design their own value chains, and that firms 
have considerable flexibility in optimizing value chains for different products and markets.  
There are multiple potential paths to reducing costs and increasing efficiency across a value 
chain, and the choices made by firms are driven by their own capabilities and strategic 
imperatives, rather than being determined by formal relationships, path dependency, asset 
specificity, or the absence of alternative partners.  As a result, there is no dominant form for 
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organizing value chains in the PC industry.  Rather there is a wide array of individual value chain 
structures existing within the industry’s broad modular production structure. 
 
With respect to the impacts of IT on industry structure, our findings support the arguments of 
Gurbaxani and Whang (1991) and Bakos and Treacy (1986) that IT can affect a variety of 
factors, including production costs, coordination costs, and asset specificity.  As they point out, 
the impact depends on which factors are influenced most by the use of IT.  Unlike Malone et al. 
(1987) and others, we do not find an inherent bias towards market transactions as a result of IT 
or the Internet.    
 
Instead, our findings show that the impact of IT depends on more specific issues that are raised 
in the literature.  For instance, complexity of products and especially processes turns out to be an 
important issue, as predicted by Malone et al., (1987) and Wigand, et al. (1997).  Internal IT 
systems can be integrated more easily and extensively than interorganizational systems, and are 
more capable of supporting complex business processes such as configure-to-order production.   
As a result, most firms keep complex processes in-house, or outsource them to a single partner 
whose own internal IT systems are capable of handling them. 
    
One of the most important themes in the transaction cost literature is that of asset specificity.  
Theory (Williamson, 1975; Malone et al., 1987) states that greater asset specificity should lead to 
greater use of hierarchies, as suppliers cannot spread the cost of such investments over multiple 
customers.    In the PC industry, the modular production network minimizes the asset specificity 
of investments, as both PC makers and their partners tend to make generic investments that can 
be applied to multiple partners.  IT investment has been a major force in the reduction of asset 
specificity throughout the production network.  Internal IT systems are usually not asset specific; 
rather they can be used with multiple partners.   Interorganizational IT systems allow for the 
codified linkages that Sturgeon (2002) credits as a key to the operation of the system without 
“excessive buildup of asset specificity and mutual dependence.”  Standardized formats for 
collecting, storing and transmitting data allow information exchange between firms to be 
codified and automated.    
 

VII.  Conclusions 
 
The PC industry has undergone a significant shift in structure since the mid-1990s, driven by 
industry-wide competitive pressures and by the ascendance of Dell Computer to the top of the 
industry.  Facing shrinking margins, and reacting to the inherent efficiencies of Dell’s direct 
sales/build-to-order strategy, PC companies have revamped their supply and distribution chains 
to reduce costs and respond more quickly to demand signals.  The trend has been towards greater 
use of outsourcing, but with fewer partners, as firms try to lower production costs while reducing 
the coordination costs usually associated with market transactions.   
 
The result is a modular global production and distribution network, with firms developing 
generic, non-specific assets that can be leveraged with multiple partners, and both buyers and 
sellers avoiding excessive dependency on one partner for any activity.  Within this industry 
structure, firms have a great deal of flexibility in designing individual value chains for different 
products and markets, taking into account their own capabilities and strategies. 
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IT has supported the evolution of this industry structure in several ways.  Internal IT systems 
enable firms to take over multiple steps in complex processes such as configure-to-order 
production, and also are developed as generic assets that can be offered to multiple partners.  
Interorganizational IT systems allow relationships to be formalized and enable processes to be 
automated between firms.  The Internet in particular, with its open, non-proprietary standards, 
has reduced asset specificity and reduced the costs associated with market transactions, and 
increased firms’ flexibility in their selection of partners for individual value chains. 
 
As we argued at the beginning of this paper, IT, the Internet and e-commerce have enabled 
organizational restructuring, such as the shift from supply-driven to demand-driven production 
and the formation of different value chains to most effectively support demand-driven production 
processes.  They have also enabled changes in the structure of the industry’s global production 
network.  For the most part, however, major changes were actually driven by competitive 
pressures in the industry. 
 
These changes in IT and organization structure suggest that IT-enabled structural change is an 
additional source of competitive advantage for firms that are best able to apply IT to coordinate 
their own value chains and take advantage of the capabilities of the modular production and 
distribution network.  The sources of competitive advantage in the new IT-enabled organization 
structure are the substitution of information for inventory in the demand-driven organization and 
the ability to tap into external economies in the global production network.  While the external 
economies can be accessed by any firm, the demand-driven organization is best positioned to 
take advantage of these economies because it can use real-time information moving up and down 
the value chain to drive the production network in response to demand, and when necessary to 
manage demand in response to production capacity.  The interorganizational information systems 
carry the signals that coordinate the whole system and therefore contribute to the firm’s 
competitive advantage. 
 
Dell Computer has outperformed the industry and its closest competitors in terms of inventory 
turns, profit margins and market share through its use of IT-enabled business processes.  Other 
firms have sought to imitate the demand-driven model, tailor value chains for different products, 
take advantage of the industry’s modular production network, and invest in new IT systems to 
better coordinate the whole system.  They have shown gains in operational performance over 
earlier times, but most remain considerably behind the market leader because of channel conflict 
and the complexity of execution.  It remains to be seen if superior use of IT-enabled processes 
and structures will remain a source of competitive advantage as more PC makers fully adopt 
demand-driven production processes, and as interorganizational IT becomes more standardized, 
putting all firms on a more equal footing in exploiting the capabilities of the modular production 
network.   
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