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[Headnote] 
EXECUTIVE SUMMARY  
 
[Headnote] 
Supply chains can improve their performance by developing competitive 
priorities in a specified sequence: quality, reliability, flexibility, agility, 
and finally, cost efficiency. This paper extends Ferdows and De Meyer's 
(1990) sand cone model and Vokurka and Fliedner's (1998) sand cone 



model extension incorporating agility to supply chain management 
priorities. This work provides a framework for a cumulative and 
sustainable improvement process by which supply chains can build a 
strategic competitive advantage.  
 
  
 
INTRODUCTION  
 
Industries are increasingly facing intensifying global competition, rapid 
technology advances, and increasingly more demanding customer 
expectations. The traditional manufacturing model of mass production is 
being reengineered and restructured to improve a firm's 
competitiveness in this new environment. As companies have improved 
their internal operations by increasing product quality while reducing 
costs, firms have achieved parity on these dimensions in many 
industries. These companies are now looking to develop competitive 
advantages in areas such as delivery, flexibility, and innovation. All of 
these emphasize the importance of time. Firms have found that a 
successful initiative to accomplish this objective is through supply chain 
management. The Academic Alliance Forum (1999) suggests that 
traditional competition of company versus company is changing toward 
a business model where supply chains compete against supply chains.  
 
The pursuit of this paper is threefold. First, it reviews changes in the 
competitive environment and strategic responses, including supply chain 
management. Second, it examines strategic manufacturing priorities 
and previously suggested trade-offs of these capabilities. And third, it 
suggests an extension of Ferdows and De Meyer's (1990) sand cone 
model for achieving competitive priorities within supply chains.  
 
The extension of the sand cone model offers a framework for a 
cumulative and sustainable improvement process by which supply 
chains can build a strategic competitive advantage. With the increased 
emphasis on time-based competition and inter-company cooperation, 
many of the intra-company theories of mass production are being 
translated to this broader context. This broadened model considers the 
supply chain as an extended enterprise and similarly suggests that firms 
within the entire chain should focus their sequential, but cumulative 
efforts on quality, dependability, flexibility, agility, and finally, cost 
efficiency. This model offers a theory of how supply chains may pursue 
objectives for each of these priorities. Supply chains will compete 
against supply chains on the same merits that independent firms now 
compete with each other, with the goal of maintaining their 



competitiveness within a highly dynamic market comprised of rapidly-
changing customer requirements.  
 
COMPETITIVE ENVIRONMENT  
 
Until recently, management focus and efforts concentrated largely on 
internal organizational issues. Concern for suppliers and buyers usually 
did not occupy much of a manager's time since these external firms 
were considered corollary to that manager's concern as long as suppliers 
weren't a problem for internal efficiency. As Hayes and Pisano (1994) 
noted, up through the 1960s, the managerial paradigm about 
manufacturing had been unchanged for almost 100 years. The American 
manufacturing system emphasized mass production, mass markets, and 
standard designs as the basis for achieving low unit costs through 
volume production. Pine (1993) discussed how the system was 
characterized by  
 
interchangeable parts, specialized machinery, specialized labor, 
economies of scale, hierarchical and vertically integrated organizations 
with a focus on production process and operational efficiency.  
 
This system, developed by Fredrick Taylor and perfected by 
industrialists like Henry Ford, encouraged production to either a 
forecast, or to produce as much as possible and then selling whatever 
was produced. This manufacturing model allowed the United States to 
become a world power by the 1920s. Today, the competitive 
environment is such that the mass production model is no longer a 
viable option for world-class firms wishing to maintain a strategic 
advantage.  
 
In the 1980s, firms concentrated efforts on offering low-cost, high 
quality services with an increased emphasis on reliability and 
dependability. Increased global competition and greater demand for 
customized production with shorter product life cycles pushed efforts 
toward an emphasis on flexibility. Manufacturers discovered that they 
could not continue to focus on large volumes and cost-efficient 
production methods with these higher levels of change and uncertainty. 
As a result of increased customer demand for customization and 
increased global competition, manufacturing flexibility became the next 
competitive priority. Miller and Roth's (1998) study of future 
manufacturing strategies showed that flexibility had the greatest 
disparity between what was demanded and what currently existed in the 
United States. Vokurka and Fliedner (1998) suggest that there was 
anticipation that flexibility and cost efficiency were quickly becoming the 



competitive criteria as quality and dependability reached competitive 
parity. As the new competitive landscape changes to more global, 
technologically oriented and customer driven, customers are continually 
demanding higher quality, faster response, and greater reliability of 
products and services. Firms have responded with product innovations 
and manufacturing process improvements. Vokurka and Fliedner (1998) 
suggest that this new environment has created the need for a 
competitive priority beyond flexibility - and that is agility (Golden, 
Magel, and Preiss, 1995). Narisimhan and Das (1999) concur by 
proposing that the pursuit of competitive differentiation in the late 20`" 
century has led firms to consider cost and quality as market entry 
qualifiers, and to aim their efforts at agility and lean manufacturing as 
becomes order winners.  
 
Agility is defined as the ability to market successfully low-cost, high 
quality products with short lead times in varying volumes that provide 
enhanced value to customers through customization (Vokurka and 
Fliedner, 1998). Agility merges the four strategic capabilities of quality, 
dependability, flexibility, and cost as identified by Hayes and 
Wheelwright (1979). Firms can pursue several options to increase agility 
and meet cost, quality, dependability and flexibility goals. Even though 
flexible manufacturing systems and technology have recently been used, 
many firms are turning to another source of operational flexibility called 
supply chain management (Narasimhan and Das, 1999).  
 
SUPPLY CHAIN MANAGEMENT  
 
Supply chain management has been defined in many ways. Lummus 
and Vokurka (1999) proposed the summary definition: "all the activities 
involved in delivering a product from raw material through to the 
customer including sourcing raw materials and parts, manufacturing and 
assembly, warehousing and inventory tracking, order entry and order 
management, distribution across all channels, delivery to the customer, 
and the information systems necessary to monitor all of these activities" 
(pp. 11-12). Supply chain management coordinates and integrates all of 
these activities into a seamless process. Managers in companies across 
the supply chain work together to make the entire supply chain more 
competitive. The entire chain is viewed as one process and the goal is to 
eliminate any inefficiencies or redundancies across the chain. In this way 
waste is eliminated and the entire chain becomes more flexible and 
responsive to customer needs.  
 
Pelton, Strutton, and Lumpkin (1997) offers the notion that supply chain 
management rests on channel integration and that system competition 



occurs among complete channel units. In essence, companies compete 
as members of a complete system, rather than at any specific channel 
level. Firms with comparative advantages within their respective channel 
have begun to collaborate more, and once independent companies are 
beginning to enter into cooperative alliance agreements that bind each 
member to the other. As the relationship between supplier and buyer 
has gravitated away from traditional adversarial transactions toward 
cooperative partnerships, companies have begun to realize the benefits 
to be obtained through collaboration and partnership. These agreements 
are often long-term in nature and require a high level of open 
communication between the companies. For individual firms to benefit 
the broader supply chain, interacting firms must agree on common 
capabilities and mutual objectives. In essence, the supply chain must 
pursue profits and strategic business goals in a similar fashion to that of 
a single company.  
 
Supply chain management (SCM) offers a strategic choice for achieving 
manufacturing capabilities without the same level of capital investment. 
"Advanced manufacturing technologies entail a large investment and 
irreversibility of risks ... In contrast, SCM options require a much lower 
investment"(Narasimhan and Das, 1999, p. 4). Tully (1994) provides 
evidence to support the theory that firms are achieving needed flexibility 
through the use of SCM practices. Certain supply chain practices directly 
impacting operational flexibility and firms, "should use supply chain 
management practices to excel in agile manufacturing" (Narasimhan 
and Das, 1999, p. 7).  
 
COMPETITIVE TRADE-OFFS  
 
Porter (1980) characterized a competitive strategy as a formula for 
structuring firm decisions and policies related to known organizational 
goals. Each function within the larger organization develops key 
competitive priorities to support that organization's overall goals. In a 
seminal strategy paper, Skinner (1969) discussed trade-offs that occur 
in competitive strategic priorities. For example, within a production 
system, he suggested there are trade-offs in variables like cost, quality, 
and customer satisfaction. Skinner's "focused factory" (1974) premised 
that firms often try to perform too many conflicting tasks within one 
conflicting set of objectives. He suggested that a firm cannot perform 
well on all priorities; specifically, there are required performance trade-
offs needed for the firm to meet its many goals.  
 
Wheelwright (1978) suggests four competitive priorities for 
manufacturing: efficiency, quality, dependability, and flexibility. 



Efficiency is concerned with cost and capital efficiencies; quality is 
focused on product quality and reliability, service quality, speed of 
delivery, and maintenance quality; dependability is concerned with 
delivery and price assurances; and finally, flexibility is primarily 
concerned with product and volume changes. Hayes and Wheelwright 
(1979) suggest that firms could gain an advantage through the 
matching of product and process life cycles. They offer a matrix that 
matches a given product within a specific stage of the lifecycle with a 
specific production process. They, too, propose that trade-offs exist, 
particularly between efficiency and dependability and between quality 
and flexibility.  
 
CUMULATIVE IMPROVEMENT MODEL  
 
Conventional theories of capability trade-offs espoused by W. Skinner 
(1969) have proven to have diminished due to the introduction of TQM, 
JIT, cellular manufacturing and other strategic manufacturing strategies 
(Vokurka and Fliedner, 1998). Ferdows and De Meyer (1990) found that 
capability trade-offs are not always necessary. They promoted the 
theory that the nature of trade-offs may be dependent on the approach 
taken to develop each capability and thus the interdependencies are 
more complex than first thought. They suggest that capabilities can be 
attained and sustained, in a cumulative manner, depending on the firm's 
sequence of pursued objectives related to these capabilities.  
 
Ferdows and De Meyer (1990) found that cost efficiency does not lead to 
improved quality, but is rather a possible consequence of higher quality 
levels. Their analysis projected that management attention and 
resources should initially focus on developing and expanding quality 
objectives as the foundation for future capability improvements. While 
quality was undergoing continual improvement and development, 
dependability could then become the focus. Similarly, as quality and 
dependability experience ongoing improvements, flexibility would be the 
focus as, for example, a method to improve reaction speed. Finally, cost 
efficiency would be the focus although quality, dependability, and 
flexibility continued to be emphasized. Their theory counters the 
conventional trade-off theory, suggesting that sustained cost efficiency 
can only be achieved through improvements in the other strategic 
competitive priorities first (Vokurka and Fliedner, 1998). They imply that 
this sequence will provide cumulative, sustainable strategic benefits.  
 
Nakane (1986) provides the foundation for Ferdows and De Meyer's 
(1990) work. Nakane (1986), through his experience with Japanese 
manufacturers, suggests a cumulative model where a definite order 



exists for the pursuit and sustainability of the competitive priorities of 
quality, dependability, flexibility, and cost efficiency. He precedes 
Ferdows and De Meyer's (1990) opinion that quality must be attained 
first as a sequential precedent to the other three priorities.  
 
Ferdows and De Meyer (1990) adapted Nakane's (1986) model by 
proposing a cumulative model to represent this effect. The authors 
depicted the model as a sand cone with different layers (Figure 1), 
where each layer of sand represents the amount of management 
attention and resources.  
 
The sand cone must first be started with a stable foundation of quality. 
Pouring more sand, quality is further expanded and dependability 
improvements are begun. More sand added to the cone expands the 
quality base and dependability objectives while beginning to shorten 
response time and improve flexibility. Finally, pouring on more sand 
expands the quality, dependability and speed objectives and, ultimately, 
results in well-developed cost efficiency programs. The sand cone model 
implies that the preceding capability contributes to the successive 
capabilities. Only by increasing the attention and resources on all 
preceding capabilities can sustainable cost efficiency be attained.  
 
   
The sand cone model theory explains that to move up each step in the 
path toward development of lasting manufacturing capabilities requires 
exponentially greater effort than earlier steps. Ferdows and De Meyer 
(1990) use an example suggesting that to improve the cost efficiency by 
10 percent requires improvement of speed by a larger percentage, say 
15 percent. This, in turn, requires yet a larger percentage gain in 
dependability performance measures, say 25 percent. Similarly, this 
requires an even larger percentage gain in quality performance, say 40 
percent. The authors argue that a company that does not improve 
competitive priorities in this sequence will risk losing previously gained 
improvements as it switches its capability improvement target.  
 
Ferdows and De Meyer's (1990) model only differs with the Nakane 
(1986) model by suggesting that the recommended sequence of 
priorities is quality, dependability, flexibility, and finally cost efficiency. 
Finally, Ferdows and De Meyer (1990) suggest that firms not following 
this sequence will risk losing previous improvements as it switches its 
capability improvement focus.  
 
 
 



SUPPLY CHAIN IMPROVEMENT MODEL EXTENSION  
 
A new belief is that companies will no longer compete against 
companies, but rather supply chains will compete against supply chains 
(Schuetz, Deering, Kilpatrick, and Derocher, 1999). Supply chain theory 
takes much of its foundation from traditional internal operations in the 
sense that a supply chain is an extended enterprise with each individual 
firm serving as a business unit within the larger organization. Multiple 
partner supply chains are an extension of "firms first improving 
efficiencies within functions, then across functions, to process 
improvement between and across multiple firms" (Carter, Carter, 
Monczka, Slaight, and Swan, 2000, p. 4). Selecting and partnering with 
the best companies, at a single firm's interfaces, enables the rapid flow 
of materials, products, information, and funds. The same capabilities 
and objectives necessary to make a single firm strategically successful 
can be applied to the broader supply chain. "While the benefits of 
integrating the internal supply chain are significant, the benefits of 
effectively integrating the extended supply chain are enormous" ( 
Schuetz, Deering, Kilpatrick, and Derocher 1999, p. 5). There is a strong 
feeling that the changing competitive landscape will require strategically 
competitive companies to effectively build and manage efficient supply 
chains.  
 
Competitive pressures will increase the emphasis placed on cost 
effectiveness (Carter, Carter, Monczka, Slaight, and Swan, 2000). But 
just as cost effectiveness is a goal that must be achieved through 
internal improvements, the supply chain, too, must improve its overall 
operations to reach this strategic capability. Quality, dependability, 
flexibility and overall supply chain agility are the priorities on which 
management must focus for cost efficiency to ultimately be reached.  
 
Extending Ferdows and De Meyers' (1990) and Vokurka and Fliedner's 
(1998) manufacturing sand cone model to the broader supply chain will 
result in a sequential method where managers can identify the 
concentration areas for management efforts and available supply chain 
resources (Figure 2). As such, the suggested sequence for building 
sustainable supply chain capabilities is quality, dependability, flexibility, 
agility, and finally, efficiency.  
 
Quality  
 
While cost reductions resulting from economies of scale and large scale 
efficiencies in materials management tend to improve profit margins 
through increasing organizational resources, quality improvement has as 



its goal the elimination of waste within the entire system, thereby 
improving profit margins through the minimization of unneeded 
resources. All other improvements within a company stem from its 
ability to perform quality operations (Ferdows and De Meyer, 1990).  
  
Managers attempting to develop a strategically competitive supply chain 
should give priority to the development and improvement of quality 
capabilities. One of the primary advantages the supply chain concept 
promotes is the sharing of benefits from comparatively superior 
individual firms. This phenomenon implies outsourcing of tasks that are 
not part of a given firm's core competencies. Carter, Carter, Monczka, 
Slaight, and Swan (2000) suggest that firms determining their own 
competency needs will enter into alliances where both parties benefit 
from the external business and technical exchanges. This integration 
within a given supply chain will depend on each partner supplying the 
highest quality value to the overall chain. Many managers expect 
average annual product quality improvements of ten to thirteen percent 
for internal operations (Trent and Monczka, 1998). This is largely 
impacted by the quality of inputs into that respective system. Since 
customers only receive the completed product or service, quality 
emphasis at each point within the chain must be emphasized. Supplier 
metrics applied to each level of the supply chain will further emphasize 
the need for quality performance as a baseline for partnering (Carter, 
Carter, Monczka, Slaight, and Swan, 2000). All partners in the supply 
chain either benefit or suffer due to final product or service quality. 
Summarily, quality must exist as the foundation for all other strategic 
improvements. By seeking to improve any other capability before quality 
improvements are initiated, a firm will only improve its ability to deliver 
price assurances of those products and services that may be of a lower 
than desired quality. Customers tend to pursue those products that are 
more reliable and correctly perform the needed task on a consistent 
basis, often regardless of any capability trade-off.  
 
Dependability  
 
Once quality improvement has been initiated and continual 
improvements in quality are being realized, management should then 
focus its efforts and resources on improving delivery reliability for 
products and services. The recent use of new technologies and 
particularly ecommerce as a strategic means of managing supply chains 
has been driven by a need for speed in fulfilling commitments on 
products and services (Carter, Carter, Monczka, Slaight, and Swan, 
2000). Trent and Monczka (1998) suggest that many managers expect 
average annual delivery performance improvements of seven to ten 



percent. Flynn, Schroeder and Flynn (1999) propose that the link 
between quality and dependability lies in the need for a reduction of 
process variability. This reinforces the cumulative model emphasizing 
the synergy between quality and dependability, given that the 
organization establishes a solid foundation of quality management 
before it focuses on dependability improvements. Just as within a single 
production facility, so too within an integrated supply chain exists the 
requirement for system inputs to be of the highest quality. The higher 
the quality, which may be based on conformance and performance 
characteristics, the more smoothly the process will progress. This 
smoothness of process, resulting from limited quality deviations, 
improves the dependability with which the system managers can then 
make assurances and improve the delivery of products and services. The 
foundation of quality improvement methods is, thus, the foundation and 
predecessor of increased dependability.  
 
Flexibility  
 
Flexibility is defined as the ability of the " . . . system to respond quickly 
to . . . changes" (APICS Dictionary 1998, p. 36). A customer-focused 
definition is "the ability of the firm and its management to change 
rapidly in responses to changes taking place in the marketplace" (APICS 
Dictionary, 1998, p. 36). Just as a manufacturing organization must 
have the capability to respond to changes within the production system, 
the supply chain must also be flexible to respond to changes demanded 
of it. An example of the need for a highly flexible supply chain can be 
given through the need of a chain to be able to deliver finished goods to 
the ultimate end-user. Fuller, O'Connor, and Rawlinson (1993) suggest 
that products are not just "things-with-features" but are things that are 
bundled with services, one of these being the capability to tailor delivery 
of products to the needs of distinct customers. They suggest those 
upstream techniques of flexible manufacturing, TQM, and JIT 
implemented internally and applied to suppliers, have made high 
standards in production no longer an order winner but only an order 
qualifier. Manufacturers have largely achieved the flexibility needed to 
provide products for highly differentiated customer segments. Fuller, 
O'Conner and Rawlinson's (1993) premise is that the logistics systems 
of a single firm are one of the key areas for bringing "distinct value to 
distinct customers" (p. 89). When extending this concept beyond a 
single organization to each member of the supply chain, flexibility at 
each level becomes the key to, ultimately, delivering the product or 
service to the end-user. However, supply chain flexibility, whether 
within a single firm's production capabilities, or within the capability of 
the larger value chain, cannot be achieved until quality and 



dependability improvement methods exist. The effects of implementing 
flexibility improvements before the preceding priorities will only result in 
a "bullwhip effect" (where the amplitude of demand increases as you 
move from the end customer back through the supply chain) at this 
stage. Just observing the need for dependability capabilities, one can 
speculate on the effects of flexible response, absent a smooth process, 
with limited variability. Smooth processes of production and service 
delivery, preceded by quality improvement methods, must be well 
developed before flexibility improvements can become management's 
priority.  
 
Increasing flexibility is today required to respond to changing customer 
requirements and shorter product life cycles. Firms can no longer rely on 
mass production techniques targeting large volumes and cost 
efficiencies as in the past. Required now is a faster response and 
movement towards more flexible suppliers that facilitate this 
improvement in response flexibility.  
 
Agility  
 
Cohen and Apte (1997) suggest that developing technologies have 
linked supply chain processes so that the firm of the future will be 
expected to produce products and services with zero defects, maintain 
minimal inventory levels, and have highly compressed lead times. They 
use the coined phrase of agile manufacturing to describe a virtual 
enterprise where customer needs are met through a "coalition of 
possibly separate entities" (p. 23). Vokurka and Fliedner (1998) 
described agility as the "capability of responding to change in a 
dimension beyond flexibility" (p. 166). Where flexibility is the ability to 
switch between tasks, using established procedures for changeover, 
agility has as its main difference the ability to respond to unanticipated 
market changes where there is not necessarily a predefined procedure 
(Goldman, Magel, and Preiss, 1994; Vokurka and Fliedner, 1998). 
Narasimhan and Das (1999) suggest that those companies that have 
agility as their top priority should focus on developing high levels of 
flexibility first. The unique nature of each "agile response" must develop 
from the preceding capability to respond to established changes 
supported by established procedures. Without the underlying capability 
for an organization to understand and be adept at managing the known 
changeovers, it will have a difficult time managing the unknown market 
and demand changes. Each entity within the broader supply chain must 
be able to respond to unforeseen changes for the entire supply chain to 
achieve agility.  
 



Cost Efficiency  
 
As supply chains begin to improve their agility capabilities and to utilize 
their supply chain strengths, this will set the stage for a shift in focus 
toward cost efficiency improvements. Ferdows and De Meyer (1990) 
suggest that cost improvements were the ultimate result of efforts 
invested in the improvement of quality, dependability, and reaction 
speed. While all other priorities continue to expand, cost efficiency 
improvements will become more sustainable and the organization will be 
able to enjoy the benefits from all of the necessary capabilities 
simultaneously (Ferdows and De Meyer, 1990).  
 
SUPPLY MANAGEMENT IMPLICATIONS  
 
This extension of the sand cone model to the supply chain ran be 
partially supported by changes in supply management practices. There 
has been a trend away from the more traditional adversarial supply 
practices to supplier partnerships. Many firms have reduced the number 
of suppliers in recent years (Bhote, 1989).  
 
Just as firms have followed the Japanese example of improved 
relationships with suppliers, the first initiative in developing supplier 
partnerships is to improve quality with supplier certification programs. 
With a new supplier, it is important to determine if the supplier is 
capable of meeting specifications and the quality standards required. 
After quality is assured, other capabilities are then looked to as means 
for improvement. The stages of supplier development include product 
focus as the first stage, analogous to quality. The next stage focuses on 
product and services, or dependability. Then the focus broadens to the 
process or system, flexibility and agility. Frequent switching of suppliers, 
rather than long term relationships with fewer suppliers, may seemingly 
result in lower prices paid, but do not result in obtaining the best long-
term value. In other words, cost efficiency should not be the focus, but 
the other capabilities that collectively correspond to greater value 
(Leenders and Fearon, 1997).  
 
A reported case study that supports this supplier development 
progression and the sand cone model was reported by Vokurka (1998). 
In reducing its supplier base and improving supplier performance, a 
manufacturing organization first focused on quality and then delivery 
reliability. Then, "with supplier quality and on-time delivery under 
control, the target moved to lead times (speed)" (Vokurka, 1998). The 
overall results of this process were improved supplier performance as 
measured by quality, delivery, lead times, and inventory utilization.  



 
CONCLUSION  
 
The essence of supply chain management focuses on delivering the right 
product at the right time at each level within the supply chain. This 
requirement has quality, dependability, flexibility, agility, and efficiency 
as necessary capabilities for achieving this goal. The priorities should 
not be considered as tradeoffs for each other, but rather as 
complimentary and cumulative. All of these capabilities are necessary 
for value to be delivered to each customer at each level in the supply 
chain. Quality, as the foundation, allows for future ongoing 
developments in dependability, flexibility, agility, and efficiency. As this 
capability development continues, customers receive the right product 
at the right time, with the right price.  
 
As firms look to competitive advantages in areas such as delivery, 
flexibility, and innovation, firms are increasingly managing the entire 
supply chain. As noted by Boston's Consulting Group's Harold Sirkin, 
supply chain management is critical to long-term success within an 
increasingly global economy (Henkoff 1994, p. 64). Supply chains can 
improve their performance by developing competitive priorities in a 
specified sequence: quality, reliability, flexibility, agility, and finally, cost 
efficiency. Improvements realized in this sequence will yield lasting 
benefits that will provide a strong competitive foundation as further 
improvement initiatives are initiated and the supply chain is better 
positioned to meet future competitive challenges.  
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