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Abstract

This paper analyzes the impact of changes in technology, processes and organization on financial measures including “Days in Inventory,” “Days in Accounts Receivable,” and “Days in Accounts Payable,” focusing on firms in the personal computer industry.  In particular, the impact of a portfolio of innovations, such as, build-to-order production, merge-in-transit, and other major innovations are investigated on disclosed and computed versions of those financial measures.  The paper traces the innovations to major changes in classic financial measures apparently used in the personal computer industry. 

This paper provides links between changes in systems and financial statement analysis, by providing a rationale for different sets of changes in classic financial measures and providing a basis for benchmarking differences.  In addition, we analyze the relationship between disclosed measures and computed measures, finding some consistent relationships.  Finally, I compare the firms in the sample to see which measures changed the most and which gave corresponding competitive advantage.

1. Introduction

Best practices embedded in business to business (B2B) e-commerce have led to major changes in technology, processes and organization structure that impact inventory, accounts receivable and accounts payable.  The purpose of this paper is to investigate some of those changes and trace their financial impact on firms in the personal computer (PC) industry.

A wide range of new technologies, including the Internet, changes in processes, such as buy direct, build-to-order and merge-in-transit, and changes in organization structure, such as centralization of accounts payable and decentralization of accounts receivable, have led to major changes in financial positions.  The fact that these changes have impacted financial positions has been disclosed in financial statements and discussed in news releases.  However, there has been limited assessment as to the overall impact of the portfolio of changes.  As a result, this paper summarizes many of those changes and analyzes the impact of those changes on measures disclosed as important by firms in the PC industry in their financial statements: Days in Inventory, Days in Accounts Receivable, Days in Accounts Payable and their sum, Days of Cash Conversion Cycle.  In particular, I find that there have been substantial changes in those four measures across the time period 1996-2002:  processes deriving from e-business have led to major changes in financial benchmarks.  Further, the extent to which technology, process and organizational changes influence those ratios becomes apparent, pushing financial statement analysis to consider the impact of technology, processes and organizational changes, as explanation for the changes. 

The methodology used in this paper is based on a case study and a small sample analysis.  As a result, this study is a prototype analysis of the impact of processes and technology on an innovative subset of firms.  Accordingly, this paper lays out a methodology and set of findings that could be used in a larger sample study.

This Paper

This paper proceeds as follows.  Section 1 has provides a brief summary of the paper.  Section 2 describes some of the financial changes at Dell Computer that provide motivation for the paper.  Section 3 summarizes some of the best practices in technology, processes and organization structure changes.  Section 4 analyzes their impact on accounts payable, accounts receivable and inventory.   Section 5 discusses the methodology.  Section 6 discusses findings.  Section 7 compares the disclosures of “Days in Inventory,” “Days in Accounts Receivable” and “Days in Accounts Payable” to computed measures.  Section 8 compares the findings across the firms to see where competitive advantage has been garnered.  Section 9 briefly summarizes the paper and its contributions.

2. A Case Study: Dell Computer

Dell Computer has found it desirable to disclose information about days in inventory, accounts receivable, and accounts payable in their Form 10-Ks since the mid 1990’s.  Their disclosures over the time period 1994 to 2002 are summarized in table 1.  

An examination of table 1 illustrates some major changes in Dell Computer's financial results over the time horizon from 1994 to 2002.  In particular, between 1994 and 1997 Dell's financial ratio number of days in

 accounts receivable went from 50 to 37

 inventory went from 33 to 13

 accounts payable went from 42 to 54, and 

 the conversion cycle of accounts receivable to accounts payable went from 41 to -4.

Although increased efficiencies continue past 2000, the changes are more incremental than revolutionary.  For example, days in accounts receivable was reduced by about 9% per year over the time frame 1994 to 1997, but about 3% over the time frame 1997 to 2001.  Similarly, days in inventory was reduced by over 20% per year over the time frame 1994 to 1997, but roughly 15% over the time period 1997 to 2001, with most of the reduction in that last period accruing to 1998.  Further, days in accounts payable increased roughly 10% per year between 1994 and 1997, but less than 2% per year between 1997 and 2001.  As a result, this paper examines the time period 1994 – 2000.

Many of those changes resulted from basic changes in the way that Dell did business.  According to disclosures in the 10-K, those innovations derived from the way that production was done, to the logistics underlying distribution to doing business over the Internet.   For example, in Dell's 1995 form 10-K, they note, 

The Company employs a build-to-order manufacturing process that enables the Company to achieve rapid inventory turnover and reduced inventory levels …  operations benefited in 1995 from improvements in manufacturing logistics and …  from improved inventory management.

Further, although not acknowledge by Dell or other companies in the PC industry, having these processes and systems in place, it is likely that they would get better and better at using them.  As a result, we would expect incremental yearly improvement beyond the big changes in measures due to new systems and processes.

What other innovations drove those changes in such a short time?  Did the rest of the personal computer industry take advantage of those same changes?  

3. Selected Best Practices in Electronic Commerce: Technology, Processes and Organization

There are a number of best practices that have emerged in the PC industry, including build to order, selling direct, merge-in-transit, accounts payable management, accounts receivable management, using a reduced number of distributors, XML and e-procurement.  This paper focuses on those that can manifest themselves as reductions in the number of days of inventory, accounts payable or accounts receivable, measures chosen for voluntary disclosure by the PC industry.

Selling Direct

Perhaps the key innovation used in the PC industry is that of buying direct, over the phone or over the Internet.  As noted by Dell in their 1995 Form 10-K, 

Dell can price its products aggressively because it avoids typical dealer mark-ups and high inventory costs of physical stores. Second, it can offer a broader line of products because it is not constrained by physical retail shelf space. Third, the Company can accelerate time-to-market on new product introductions, which reduces obsolescence risk because it does not need to support an extensive pipeline of dealer inventory. Fourth, direct customer contact provides valuable information that is used to shape future product offerings and post-sale service and support. Fifth, the Company continually adds to its database of information about its customers, enabling it to market future product offerings more cost-effectively. Finally, by providing its end users with a full range of services, the Company believes it has a greater opportunity to develop customer loyalty than those who market through retail stores. The Company attempts to expand its direct marketing distribution channel through ongoing revision and improvement of its marketing and sales compensation programs to more effectively reach its customers and achieve improved market penetration, by improving its support systems, by pursuing additional distribution opportunities and by entering new markets.

The direct sales model continues to be important to Dell as noted in their 2002 10-K

The direct model seeks to deliver a superior customer experience through direct, comprehensive customer relationships, cooperative research and development with technology partners, use of the Internet, computer systems custom-built to customer specifications, and service and support programs tailored to specific customer needs.

Further, the direct sales model is not only important to just Dell.  Other firms in the PC industry, e.g., Compaq [9], have found the direct sales approach important.  Still other firms have tried to develop different models of the direct sales approach.  For example, in the fourth quarter of 1997, Gateway introduced the concept of stores with no inventory.  In particular, their Gateway Country Stores, were designed to allow customers to evaluate the entire line of products, without carrying inventory.  Customers could place an order at the store or through directly contacting Gateway.  Stores without inventory allow Gateway to engage a channel without influencing inventory.

Replacing the traditional distribution model of keeping inventory at stores with a direct buy model potentially could decrease both raw material inventory and finished goods inventory.  Finished goods inventory would be lower in a direct buying environment than in one with stores since product would not need to be assembled until purchased.  In addition, goods would be dispersed through a single point, rather than multiple distribution chains, further pushing down finished goods inventory.  

Build-to-Order (and Just-in-Time)
Dell referred one of the first innovations, to as "Build-to-Order" and was one of the first firms to build computers to order.  As noted in Dell’s 1995 10-K

The Company employs a build-to-order manufacturing process that enables the Company to achieve rapid inventory turnover and reduced inventory levels, which reduces the Company's exposure to the risk of declining inventory values. This flexible manufacturing process also allows the Company to rapidly incorporate new technologies and components into its product offerings.

A focus on simply build-to-order would be expected to decrease work-in-process inventory and finished goods inventory.  

However, build-to-order in the PC industry has evolved to include a just-in-time inventory approach.  For example, Dell’s [10] model is based on just-in-time supply of raw materials.  In addition, the complexity of the build-to-order process led to a need to consolidate their purchases, resulting in a smaller number of suppliers [7].  In addition, a smaller number of suppliers can result in a smaller administration cost.

Merge-in-Transit [17]

In a classic outsourcing arrangement, there is the firm selling the goods to the ultimate customer (firm #1), the outsource firm that actually makes the goods (firm #2) and the customer firm (firm #3).  Under the typical arrangement, firm #2 makes the goods, and ships the goods to firm #1, which inventories the goods for some time period before they ship the goods to firm #3.  However, there has emerged a new more efficient approach, Merge-in-Transit.  With Merge-in-Transit, firm #1 does not take possession of the goods.  Instead, firm #2 ships the goods directly to firm #3.  This results in less inventory for firm #1.  So that the firm #3 sees a single product view and seller, the shipper (e.g., UPS or Fed Ex) merges the goods into a single shipment.  Accordingly, merged-in-Transit has been defined as follows:

This service collects shipments from multiple origin points and consolidates them, in transit, into a single delivery to the customer [6]

Merge-in-transit is either an issue of merging and forwarding or synchronization.  In the first case, as noted by Celestino [3], generally, a third party logistics company receives the goods from multiple origins, and assembles them at a single point near a customer, typically called a “merge point.”  In the second case, multiple shipments of goods may be shipped from multiple vendors, so that they all arrive at the customer at the same time.  

With merge-in-transit, firms generally cut down the amount of particular types of inventory being stored in company warehouses, in some cases to zero.  For example, Micron does not store monitors or printers in their own warehouses.  Instead, the limited inventory that they do store is kept in FedEx warehouses [4], and it is generally kept there for a very short time.  As an example, monitors might be outsourced, but PCs would be built in-house.  If a customer orders a PC with a monitor, then the PC company ships the PC, at virtually the same time as the outsourced monitor maker, so that the two are merged-in-transit and arrive at the customers at the same time.  Merge-in-transit would result in fewer days in inventory since inventory would be held by the supplier until needed.

Accounts Receivable Management

Reportedly, PC industry firms have made changes in the organization of accounts receivable.  According to Myers [15], Dell’s CFO, Jim Schneider, reorganized accounts receivable, starting with his arrival in 1997.   Schneider delegated responsibility for accounts receivable to individual business units.  The theory was that those handled the collection of receivables best, were those closest to the customer.  Further, lock boxes closest to the customer can be used to get cash the quickest [14].  Using lock boxes would result in fewer days in accounts receivable and higher working capital.

Accounts Payable Management

In Compaq’s 1998 10-K, they noted 

“Accounts payable increased to $2.8 billion from  $2.1 billion and days payable outstanding increased to 54 days from 40 days at December 31, 1997 and 1996, respectively, due to improved accounts payable management.”

How does a firm “improve” accounts payable management?  According to Myers [15], for Dell, improved days in accounts payable, meant centralizing accounts payable into three units worldwide.  As seen in the above, “improved” also seems to mean increasing days in accounts payable. 

Reduced Number of Distributors

For product distributed through traditional channels, e.g., retail stores, best practices have included a reduction of the number of distributors (e.g., [8]).  The fewer the number of distributors, the less the inventory in the distribution pipelines.  In addition, in order to fully exploit supply chain capabilities there needs to be an appropriate technical infrastructure.  As noted by Compaq’s Chief Operating Officer, “It’s easier to integrate systems with one, two or three large customers than it is to offer the same level of service to hundreds of customers” [8].   

As announced on May 10, 1999, Compaq reduced the number of distributors from 39 to 4.  Only those four alliance partners will be able to purchase build-to-order products directly from Compaq.  As noted by Frank Doyle, co-CEO, “if you want speed you have to keep it simple.”  However, resellers are still be able to purchase nonstandard, configure-to-order SKUs directly from Compaq or the four alliance partners.  According to Doyle [8] reduction of the number of suppliers can ultimately reduce the amount of inventory at Compaq by a factor of 2.  However, with this announcement it is clear that Compaq is pursuing traditional distribution, rather than direct distribution of its products.  As a result, as noted by Ted Enloe of Compaq’s CEO office, “Despite what you read about the direct approach, clearly, we remain committed to the channel.”  Unfortunately, it was difficult to trace the impact of this change because of Compaq’s purchase of Digital and Compaq’s corresponding need to integrate the two into a single firm, and the subsequent merger with Hewlett Packard.

Software

Another source of improvement in operations is software.  For example, reportedly Dell implemented credit and collections software in 1995 designed to facilitate an improved measure of days in accounts receivable [11]. As reported in Schmidt [18 Micron in 1998 implemented software designed to facilitate collections.  As part of the implementation of the collection software, Micron downloaded data from their enterprise resource planning system on a daily basis into a data warehouse, from which the data for the collection software was extracted [18].  Compaq implemented SAP’s financial application [12].

XML

Apparently, Dell was one of the first large commercial sites to employ XML [16].  In 1999, their site was updated to provide a customized view.  Using XML allowed them to deliver an electronic version of the entire product database into the customer’s purchasing system.  As a result, the XML-backed site provides the ability to speed accounts receivable, by facilitating correct order information and providing digital, rather than paper-based information.  Further XML could allow them to integrate with their customer e-procurement systems.  Unfortunately, this innovation was generally beyond the traceable impact of the 1994-2000 time frame.

E-Procurement

E-procurement is the electronic acquisition, typically of non-production oriented supplies and equipment, such as computers.  Companies have set up procurement systems so that their employees can by-pass purchasing departments and order goods directly from the manufacturer.  Oftentimes, such links are over the Internet.  

Not only does e-procurement make acquisition of computers and peripherals easier for customers, but it influences costs at the PC vendors.  Orders come in electronically as direct orders and can be scheduled and accommodated using a build-to-order strategy, as a result days in inventory can be affected by the percentage of orders that come in through e-procurement systems.  Further, days in accounts receivables could be affected by such systems, since direct orders can be easily and quickly billed, or payment can be collected at the time of the order.

For example, as discussed by Goh [9], another important approach was to begin integrating with the e-procurement systems of their major customers.  In particular, Compaq was concerned with trying to make it easy for their customers to use the Internet to do business with Compaq. Unfortunately, this innovation was generally beyond the traceable impact of the 1994-2000 time frame.

Technology convergence in the PC Industry

There is substantial evidence that technology used in one PC industry firm is rapidly emulated in other PC industry firms.   For example, although in the early to mid 1990’s, Dell talked about build-to-order, shortly afterward, Micron disclosed in their 10-Ks that they were using “assemble-to-order,” the same concept.  

Dell’s use of merge-in-transit was discussed in the news in January 1998 [1], Micron’s use was discussed in May 1998. Use of merge-in-transit was also influenced by the particular transit company (e.g., UPS, DHL or Fed Ex).  If a transit company had developed the approach for one vendor, then others could use it.  For example, on May 24, 1999 DHL announced that they would be opening its largest U.S. service center in Silicon Valley, at Sunnyvale California (Electronic Buyer’s News, May 24, 1999), in order to meet the needs of the high technology industries in the valley.  They announced that the service center would provide merge-in-transit capabilities.

Similarly, virtually all of the PC industry firms sell direct.  Some are still sold in stores, and so their financial results reflect the multiple distribution chains.

4. Impact on Inventory, Accounts Receivable and Accounts Payable

What is the impact of these innovations on inventory, accounts receivable and accounts payable?

Days in Inventory Decrease
Why should we expect these innovations to lead to a decrease in days in inventory?  If a firm does build to order then generally we should see a decrease in their work in process inventory and finished goods inventory.  

In addition, if they do merge in transit, then some of their sales are goods that are fully outsourced, e.g., monitors for Dell.  Rather than having those monitors in their inventory, and then ship them to their customers, the monitors are only in inventory for a short period of time, potentially just long enough for recognition of the sale.  When the monitors are delivered, for a short moment they are inventory for PC manufacturer, after which they become the property of the customer.

The same infrastructure that allows the PC manufacturer to do merge in transit (e.g., electronic data interchange (EDI)) can also be used to facilitate decreases in raw material.  Using EDI, inventory can be controlled to arrive just-in-time (JIT), further cutting down inventory.  Each of these innovations can be rapidly diffused.

Days in Accounts Receivable Decrease

Why should we expect those innovations to decrease days in accounts receivable?  First, a direct marketing approach, whether over the Internet or over the phone, should decrease accounts receivable since for many orders cash is received up-front, e.g., credit card purchases from individuals.   Second, because the unit will not be built for a few days, the company has received a cash advance on the unit and any inventory required to build or assemble the unit, days will decrease.  Third, if a portion of the order is merge-in-transit, then the PC firm will often receive payment for goods that will not be paid for until delivered to the customer, days later.   Fourth, the same infrastructure that facilitates merge-in-transit, also facilitates more rapid billing.  EDI-based bills can be issued, speeding the billing process.  Fifth, rather than having a centralized point to receive payments, at least one firm, Dell, pushed the accounts receivable task out to the business units, resulting in five lock-box locations in the United States (Myers [15]).  Each of these technologies could be diffused to other similar firms.

Days in Accounts Payable Increase

Increases in days in accounts payable could be caused a number of factors.  One of the most important factors is being able to control internally when the bills are paid.  Typically, this control is realized when a computer based system is implemented to facilitate the billing.  

Further, accounts payable could be centralized.  In the case of Dell, starting in 1997, accounts payable was centralized to one location in the US, one in Asia and one in Europe [15].  A central location would allow for tighter control.  A central location could also facilitate an increase in days in accounts payable since fewer locations are likely to mean longer trnsit time.

In addition, days in accounts payable can be increased with increased market power.  Apparently, personal computer companies like Dell, can persuade suppliers to take less than favorable terms for payment (e.g., McGhie [13]).  Further, market power is facilitated by aggregation of orders with fewer vendors, increasing volume with those vendors.  

Merge-in-transit could also facilitate an increase in days of accounts payable.  Merge-in-transit can employ multiple triggers for when payment is due.

5. Sample and Data
The sample consists of four firms from the (Intel-based) PC Industry for which PC specific inventory, accounts payable and accounts receivable information could be gathered: Compaq, Dell, Gateway and Micron.  During the period of analysis (1994-2000) these four firms were virtually entirely in the business of making and selling personal computers.  IBM and Hewlett-Packard (HP) were not included because their results were compounded with other products. 

The data was generated from the firms’ form 10-K for the years 1994-2000.  In addition, an extensive review of the practitioner literature was made in order to gain knowledge about best practices used at particular PC industry firms.

Disclosed measures of days of inventory, accounts receivable and accounts payable were captured from Form 10-K’s and are summarized in table 1.  Similarly, based on information disclosed in the 10-K’s, the same ratios were computed and are summarized in table 2. The computations in this paper were based on the approaches discussed in the appendix, based on classic financial statement analysis.

I used computed ratios so that the different firms could be compared using a common measure.  Disclosed ratios are not necessarily done using common approaches.

6. Best Practice Disclosures about PC Companies
PC Companies have implemented many of the best practices.  This section summarizes available information about when those best practices were implemented.  

Compaq

In 1997, Compaq indicated in their 10-K that they were “ ... in the process of building the capacity to build products to order (BTO) and configure products to order (CTO).”  Others confirmed this, such as [5].  Disclosed days in inventory went from 44 days in 1996 to 29 days in 1997.

Compaq has worked to reengineer its processes, while still maintaining traditional channels.  Ultimately, this seems to limit their ability to control any of the measures to the extent of companies like Dell or Micron.

Unlike Dell and Gateway, Compaq did not disclose days in accounts receivable.  As a result, there was no easy way to compute the disclosed cash conversion cycle.

Dell

According to company 10-K’s, build-to-order was initiated at least by 1994 and 1995.  As a result, it is unlikely that we would see any major change over that time in days in inventory due to that innovation during 1994 to 2000.  Similarly, the same direct model was maintained so that inventory and accounts receivable would not likely be further affected, except on a marginal basis.  As seen in table 2, in 1997 Dell disclosed a reduction of days in inventory from 37 to 15 days, disclosing a reduction from 31 to 13.  According Dawe [6] merge-in-transit was integrated into Dell’s operations in 1997, the year of the major decrease. 

In table 1, it can be seen that Dell disclosed a major increase in days in accounts payable going from 1996 to 1997.  After that, days in accounts payable was relatively stable until 2002.  It was in 1997 that Dell hired a new CFO who initiated a program of centralizing accounts payable, with an apparent impact of 21 days as disclosed.  

Disclosed days in accounts receivable decreased from 50 in 1994 to 42 in 1996.  During 1995, Dell implemented new software that allowed them to decrease the measure, according to the Institute of Management and Administration [11]. Similarly, disclosed days in accounts receivable decreased from 42 in 1996 to 37 in 1997, the largest decrease over that time period.  That time period corresponds to shift of management of accounts receivable to local business units (e.g., [14] and [15]).  As a result, disclosures seem somewhat consistent with major identifiable changes in processes and technology.

Gateway

In 1996, Gateway announced that their carrier was UPS [19].  Since they have the same carrier as Micron, it is likely that innovations made available by UPS for one customer would be readily available for another.  As a result, we would expect a similar timing for the use of merge-in-transit for Gateway and Micron.  Micron implemented merge-in –transit in 1998 [1]. Computed days in inventory from 1997 to 1998, went from 17 to 10.

Micron

Micron disclosed in their 10-K that they employed the approach of “assembled to order” (ATO) starting in 1996, and continuing through 1998.  There was no such disclosure in 1995.  From 1995 to 1996, their days in inventory went from 41.4 to 20.5.

Unlike Dell, who used UPS, Micron’s carrier has been FedEx, which apparently implemented a merge-in transit strategy in 1998 [1] resulting in decreased inventory.   Going from 1997 to 1998, Micron’s days in inventory decreased from 26.1 to 7.5 based on ending inventory computations.  

In 1998 Micron implemented data collection software resulting in a reported 15% decrease in days in accounts receivable [18] 

There was no specific trend in days in accounts payable from accounts payable, although Micron appears to have implemented enterprise resource planning software.

7. Comparison Between Disclosed and Computed Ratios

The purpose of this section is to discuss the relationship between disclosed ratios and computed ratios.  Three of the four firms disclosed information about the ratios at some point in time.  These disclosed ratios are summarized in table 1.  A comparison with the computed measures in table 2, illustrates that either different numbers or different computational approaches were used.  

The disclosed ratio quantities oftentimes differ from the computed ratio quantities.  This difference could occur for a number of reasons.  The two sets of computations may involve different data.  For example, company computations could involve more detailed or differently timed data.  Further, company computations may or may not be averaged data.  Computations also could be different.  Although the approach used to develop table 2 was based on classic financial statement approaches, firms are not constrained to use those same approaches.

Compaq

Disclosed days in accounts payable were consistently less than computed days, by 6.9, 9, 21.5 and 21.1 days, respectively, 2000-1997.  Compaq did not disclose days in accounts receivable.  Compaq’s days in accounts receivable would be larger than other firms because of their dependence on a traditional sales model, rather than the Internet.  Because it was larger, this may have influenced them to not disclose the information.  Disclosed days in inventory was less than or equal to computed days in inventory for 1997-2000, but greater than computed days for 1994 to 1996, for average inventory, and 1995 to 1996 for ending inventory.

Dell

Disclosed days in accounts payable were consistently less than the computed quantity, by 6.4, 9.3, 11.9, 8.8, 7.6, 16.3 and .8, respectively over the years 2000-1994.  Similarly, disclosed days in accounts receivable were consistently below computed days in accounts receivable (3.7, 5.9, 8, 5.5, 8, 9, and 2.2, for 2000-1994). Days in inventory, whether computed using a year-end inventory approach or average inventory, except for the first year, was the same or more than disclosed days in inventory. 

Gateway

Disclosed days in accounts payable and computed days in accounts payable were very similar, with differences of –2, .6, 18.1 and 5.8, days occurring for 2000-1997, respectively, for computed minus disclosed.  Similarly, disclosed days in accounts receivable disclosed was lower than computed (4.3, 7.6, 9.6, 18.7 for 2000-1996).  There was no consistent relationship between disclosed and computed inventory, using either average or year-end inventory.

Conclusions

For each of the disclosures there was a lack of a match:

 Disclosed days in accounts payable were consistently less than computed days in accounts payable, with substantial differences in some cases.  

 Disclosed days in accounts receivable were consistently lower than computed for Dell and Gateway.

 Disclosed days in inventory generally were less than computed for both Dell and Compaq, but not Gateway, which did not have a consistent relationship.

There are a number of potential reasons for this lack of consistency.  Perhaps firms did not want partners to know how long they were taking to pay accounts payables or how fast they were turning accounts receivable.  Alternatively, different computational approaches could have been used or firms may have used disaggregated numbers (e.g., purchases) that were not available in public disclosures.  Still another alternative is that firms manage discretionary disclosures so that they appear to have a particular direction overtime.  

8. Comparison Between Firms

Using the four measures of the conversion cycle, “Days in Inventory,” “Days in Accounts Receivable,” “Days in Accounts Payable,” and “Days in Conversion Cycle,” for both disclosed and computed quantities, we can compare the four firms.

Days in Inventory

Disclosed. The three firms that made disclosures, each disclosed “Days in Inventory.”  Each of the firms showed substantial improvement, with Compaq improving the most, from 70.2 days to 11.1 days.  Gateway made only gradual improvement when compared to the other two firms.  By 2000 Dell had roughly one-third the number of days in inventory of either Gateway or Compaq, providing them with a substantial advantage in working capital.

Computed. Each of the firms improved substantially in the area of “Days in Inventory,” with Compaq showing the greatest improvement.  However, by 2000, Dell, Gateway and Micron each were substantially lower than Compaq.  Compaq was at a substantial disadvantage.

Days in Production Materials, WIP and Finished Goods

Each of the four firms made separate disclosures of  “Production Materials,” and “Work in Process (WIP) and Finished Goods.”  Differences in business models are apparent particularly in the “Days in WIP and Finished Goods.”  While Dell, Gateway and Micron had reduced their measure down to less than 3 days, Compaq never went below 16 days during the entire time period of concern.  

Similarly, although all four firms made substantial reductions in “Days in Production Materials,” Gateway and Compaq had larger measures and thus were at a competitive disadvantage.

Days in Accounts Receivable

Disclosed.  Each of the two firms that disclosed “Days in Accounts Receivable,” showed substantial improvement in this measure, with Gateway decreasing from 26 to 17 and Dell decreasing from 50 to 29.  This is the one measure that Gateway performed better on than Dell.

Computed. Dell and Gateway each showed substantial improvement in “Days in Accounts Receivable.”  However, there was no stable improvement with either Compaq or Micron.  This suggests that the changes to accounts receivable processes were not made uniformly across the industry.  Compaq and Micron were at a substantial disadvantage.

Days in Accounts Payable

Disclosed.  Disclosed “Days in Accounts Payables” increased substantially for Dell over the period 1996 to 2002.  Compaq’s increased from 1997 to 1998, but was then stable until 2002.  Gateway’s increased from 1998 to 1999, but then was stable to 2002, actually decreasing over the time period 2000 to 2002.  It appears that the primary innovation diffusion occurred with Dell in 1996, Compaq in 1997 and Gateway in 1998.

Computed.  Micron had the largest number of “Days in Accounts Payable,” with 107 in 2000, providing them with substantial working capital.  In 1995 Compaq’s “Days in Accounts Payable” increased but was then stable through its merger with Digital. Gateway was stable from 1995 through 2000, with the lowest of all four firms.   

Cash Conversion Cycle

Disclosed. Dell was the first to disclose the overall cash conversion cycle time, initiating that disclosure in 1998, when it was negative, although it had become negative in 1997.    Gateway also disclosed their conversion cycle time in 2000.  Compaq did not disclose days in accounts receivable, making conversion cycle disclosure possible.  Micron made no disclosures.

Computed. Each of Dell, Compaq and Gateway improved substantially over the time period in cash conversion cycle, suggesting that the changes in processes and technology were very effective.  Compaq made the greatest improvement in the computed cash conversion cycle, dropping from 126.1 to 38.3, however, their cycle time in 2000 was still substantially above that of the other firms and the only one of the four that was not negative, putting them at a considerable disadvantage in terms of working capital.

Analysis

The business processes that Compaq used that were reflected in their Conversion Cycle, put them at a considerable disadvantage, particularly with respect to Dell and Micron.  Gateway was competitive in each of the measures with Dell and Micron, except with “Days in Accounts Payable.”  This could be because some firms consider a large measure of accounts payable days as a sign of poor management, however, it could also be indicative of different degrees of market power.

9. Summary
This paper has analyzed the impact of innovations that have occurred with the implementation of electronic commerce capabilities.  In particular, we examined a portfolio of approaches to changes in technology, processes and organizations that would directly impact measures of days in inventory, accounts receivable and accounts payable in the PC industry.  For each of four firms, we identified different events and corresponding changes in the three measures.  We then matched major events with major changes at the firms, tracing out the impact of the events on the firm’s financial performance.

In addition, computed and disclosed measures were compared to see if there were any relationships over the time period 1994 to 2000.  Disclosed measures of days in inventory, accounts receivable and accounts payable were compared to computed measures, based on financial statement analysis.  Disclosed measures were typically lower than computed measures.  The issue of that relationship between disclosed and computed measures seems to be an issue for addition future research.  However, it appears that there is a management of such disclosures over time. 

Finally, the firms were compared to each other across the four conversion cycle measures.  It was found that Compaq was at a considerable disadvantage in terms of their ability to use emerging processes to speed their conversion cycle.  Whereas, Dell and Micron were at significant advantage in terms of increased current assets. 

Table 1: Disclosed Turnover Measures

Compaq’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997
	1996
	1995
	1994

	Inventory Turns
	33
	24
	14.4
	14.8
	13.4
	12.6
	8.3
	5.5
	5.2

	Equivalent Days in Inventory
	11.1
	15.2
	25.3
	24.7
	27.2
	29.0
	44.0
	66.4
	70.2

	Days in AP
	54.0
	53.0
	52.0
	58.0
	54.0
	40.0
	
	
	


Dell’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997
	1996
	1995
	1994

	Days in AR
	29
	32
	34
	36
	36
	37
	42
	47
	50

	Days in Inventory
	4
	5
	6
	6
	7
	13
	31
	32
	33

	Days in AP
	69
	58
	58
	54
	51
	54
	33
	44 (49)
	42

	Cash Conversion Cycle
	-36
	-21
	-18
	-12
	-8
	
	
	
	


Gateway’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997

	Days in AR
	17
	20
	23
	22
	23
	26

	Days in Inventory
	12
	15
	8
	40
	21
	21

	Days in AP
	34
	36
	40
	36
	27
	29

	Cash Conversion Cycle
	-5
	-1
	-9
	
	
	


Initiated in 1999.

Notes

AR = Accounts Receivable

AP = Accounts Payable

Cash conversion first disclosed in 2000.

Table 2

Financial Statement Ratios
	Company 10-K
	2000
	1999
	1998
	1997
	1996
	1995
	1994


Compaq – Computed Ratios A (Before Digital)

	Days in Inventory (CGS & Avg. Inv.)
	
	
	31.2
	29.0
	42.0
	58.8
	45.0

	Days in AR
	
	
	70.0
	42.9
	67.8
	68.8
	76.8

	Days in Inventory (CGS)
	
	
	29.1
	32.1
	31.1
	60.9
	89.9

	Days in AP
	
	
	54.7
	59.6
	52.8
	39.6
	40.7

	Cycle
	
	
	44.5
	15.5
	46.1
	90.0
	126.1


	Days in Production Materials
	
	
	17.1
	15.7
	15.5
	29.5
	57.4

	Days in WIP and FG
	
	
	25.4
	16.4
	15.5
	31.4
	32.6


Compaq – Computed Ratios B (With Digital)

	Days in Inventory (CGS & Avg. Inv.)
	27.5
	29.0
	30.5
	

	Days in AR
	68.7
	76.5
	93.3
	43.7

	Days in Inventory (CGS)
	28.6
	29.0
	34.2
	32.7

	Days in AP
	58.9
	67.0
	75.5
	61.1

	Cycle
	38.3
	38.5
	52.1
	15.4


	Days in Production Materials
	11.1
	12.2
	13.8
	16.0

	Days in WIP and FG
	17.5
	16.8
	20.4
	16.7


Dell Computed Ratios

	Days in Inventory (CGS & Avg. Inv.)
	6.0
	6.5
	9.2
	20.4
	31.2
	34.2
	31.7

	Days in AR
	37.7
	41.9
	44.0
	42.5
	50.0
	56.5
	52.2

	Days in Inventory (CGS)
	7.1
	7.0
	8.9
	15.0
	37.0
	39.1
	32.9

	Days in AP
	64.4
	62.3
	62.9
	62.8
	40.6
	60.3
	42.8

	Cycle
	-19.6
	-13.4
	-10.0
	-5.3
	46.5
	35.2
	42.3


	Days in Production Materials
	6.1
	6.0
	7.2
	13.4
	33.7
	34.9
	29.3

	Days in WIP and FG
	1.0
	1.0
	1.7
	1.7
	3.4
	4.1
	3.6


	Company 10-K
	2000
	1999
	1998
	1997
	1996
	1995
	1994


Gateway Computed Ratios

	Days in Inventory (CGS & Avg Inv)
	12.3
	7.3
	12.9
	18.4
	22.4
	

	Days in AR
	20.7
	26.3
	27.3
	29.6
	32.6
	44.7

	Days in Inventory (CGS)
	15.2
	7.8
	10.4
	17.4
	24.8
	26.7

	Days in AP
	38.0
	36.6
	45.1
	34.8
	37.2
	28.5

	Cycle
	-2.0
	-2.5
	-7.4
	12.3
	20.1
	42.9


	Days in Production Materials
	12.2
	7.5
	9.6
	15.1
	24.0
	26.3

	Days in FG
	3.0
	0.3
	0.8
	2.4
	0.7
	0.4


Micron Computed Ratios

	Days in A/P (Purchases)
	103.5
	68.8
	51.9
	68.7
	60.0
	79.3
	80.8

	Days in Inventory (CGS & Avg Inv)
	5.6
	6.1
	15.4
	17.3
	16.8
	22.6
	

	Days in AR
	54.7
	38.8
	27.0
	41.7
	36.5
	47.0
	44.9

	Days in Inventory (CGS)
	9.1
	5.5
	7.5
	26.1
	20.5
	41.4
	34.8

	Days in AP
	107.6
	70.7
	53.3
	70.3
	60.9
	80.4
	81.9

	Cycle
	-43.7
	-26.5
	-18.8
	-2.5
	-3.9
	8.0
	-2.3


	Days in Production Materials
	6.7
	4.5
	5.0
	21.0
	17.3
	38.0
	31.5

	Days in WIP and FG
	2.4
	0.9
	2.5
	5.1
	3.1
	3.4
	3.9


Note: AP= Accounts Payable; AR = Accounts Receivable; CGS = Cost of Goods Sold; WIP = Work in Process; FG = Finished Goods
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 Appendix -- Financial Statement Ratios

This appendix provides a brief summary of the financial ratios used as part of this analysis.  These ratios and this discussion are based on [2].

One of the primary choices that is made in financial ratio computation is whether average or ending balances for balance sheet accounts should be used.  In order to maintain consistency and because some of the firms in the PC business have grown very rapidly, ending balances were used.

1. Days in Accounts Receivable (Collection Period)  [2, pp. 386-387]

= Ending Accounts Receivable / (Yearly Sales / 365 Days)

Days in accounts receivable reflects the nature of the supply chain and the extent to which customers are paying on time.  

· If the distribution chain is “deeper” rather than shallower, the number of days can be larger.  A distribution chain is deeper when there are multiple levels.  In such settings, there can be a cycle effect of one party’s collection depending on another.  If there is a shallow distribution chain, e.g., direct to the buyer, then collection is also more direct.

· In addition, this ratio will be lower if the firm is doing a good job of monitoring and ensuring that customers pay in a timely manner.

2. Days in Inventory [2, pp. 391-393]

= Ending Total Inventory / (Yearly Cost of Goods Sold / 365 Days)

Similarly, ratios for raw material, work in process and finished goods could also be developed.  In addition, rather than ending total inventory, average inventory could have been used.  Both methods were used in the computation of this ratio, with “Avg Inv” used to indicate average inventory was used.

The days in inventory provides a gauge as to how fast inventory can be converted into cash.  Generally, in high technology businesses like the PC industry, because of rapid obsolescence, it is generally desirable to drive down the number of days in inventory.  Further, a lower number of days in inventory requires lower working capital.  As noted in the main body of the paper, a range of business processes, including build to order, can influence days in inventory.

3. Days in Accounts Payable [2 pp. 395-396]

= Ending Accounts Payable / ((Yearly Cost of Goods Sold - Depreciation)/365 Days)

Alternatively, purchases could be used if the information had been available.  Unfortunately, purchase information was not generally available.

In 1997, Compaq noted in its 10-K, “... days payable outstanding increased ... due to improved accounts payable management.”  Firms that have 40-60 days in accounts payable are often said to be “effectively managing” the payables process.  The higher the number of days the lower the working capital requirements.  At some point though, if days in accounts payable gets too large, then the company may find its creditors getting concerned.

4. Days in the Cycle [2, p. 399]

Adding ratios 1 and 2 and subtracting 3 generates the number of days in the trade cycle.  The higher the days in the trade cycle the higher the working capital requirements.  The computation of the days in the cycle led to the use of ending balances for accounts payable, accounts receivable and inventory, rather than average balances.

In the PC industry some firms are able to generate negative days in the cycle.  This is an unusual state of affairs.

Table 1: Disclosed Turnover Measures

Compaq’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997
	1996
	1995
	1994

	Inventory Turns
	33
	24
	14.4
	14.8
	13.4
	12.6
	8.3
	5.5
	5.2

	Equivalent Days in Inventory
	11.1
	15.2
	25.3
	24.7
	27.2
	29.0
	44.0
	66.4
	70.2

	Days in AP
	54.0
	53.0
	52.0
	58.0
	54.0
	40.0
	
	
	


Dell’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997
	1996
	1995
	1994

	Days in AR
	29
	32
	34
	36
	36
	37
	42
	47
	50

	Days in Inventory
	4
	5
	6
	6
	7
	13
	31
	32
	33

	Days in AP
	69
	58
	58
	54
	51
	54
	33
	44 (49)
	42

	Cash Conversion Cycle
	-36
	-21
	-18
	-12
	-8
	
	
	
	


Gateway’s Disclosed Turnover Measures

	10-K
	2002
	2001
	2000
	1999
	1998
	1997

	Days in AR
	17
	20
	23
	22
	23
	26

	Days in Inventory
	12
	15
	8
	40
	21
	21

	Days in AP
	34
	36
	40
	36
	27
	29

	Cash Conversion Cycle
	-5
	-1
	-9
	
	
	


Initiated in 1999.

Notes

AR = Accounts Receivable

AP = Accounts Payable

Cash conversion first disclosed in 2000.

Table 2

Financial Statement Ratios
	Company 10-K
	2000
	1999
	1998
	1997
	1996
	1995
	1994


Compaq – Computed Ratios A (Before Digital)

	Days in Inventory (CGS & Avg. Inv.)
	
	
	31.2
	29.0
	42.0
	58.8
	45.0

	Days in AR
	
	
	70.0
	42.9
	67.8
	68.8
	76.8

	Days in Inventory (CGS)
	
	
	29.1
	32.1
	31.1
	60.9
	89.9

	Days in AP
	
	
	54.7
	59.6
	52.8
	39.6
	40.7

	Cycle
	
	
	44.5
	15.5
	46.1
	90.0
	126.1


	Days in Production Materials
	
	
	17.1
	15.7
	15.5
	29.5
	57.4

	Days in WIP and FG
	
	
	25.4
	16.4
	15.5
	31.4
	32.6


Compaq – Computed Ratios B (With Digital)

	Days in Inventory (CGS & Avg. Inv.)
	27.5
	29.0
	30.5
	

	Days in AR
	68.7
	76.5
	93.3
	43.7

	Days in Inventory (CGS)
	28.6
	29.0
	34.2
	32.7

	Days in AP
	58.9
	67.0
	75.5
	61.1

	Cycle
	38.3
	38.5
	52.1
	15.4


	Days in Production Materials
	11.1
	12.2
	13.8
	16.0

	Days in WIP and FG
	17.5
	16.8
	20.4
	16.7


Dell Computed Ratios

	Days in Inventory (CGS & Avg. Inv.)
	6.0
	6.5
	9.2
	20.4
	31.2
	34.2
	31.7

	Days in AR
	37.7
	41.9
	44.0
	42.5
	50.0
	56.5
	52.2

	Days in Inventory (CGS)
	7.1
	7.0
	8.9
	15.0
	37.0
	39.1
	32.9

	Days in AP
	64.4
	62.3
	62.9
	62.8
	40.6
	60.3
	42.8

	Cycle
	-19.6
	-13.4
	-10.0
	-5.3
	46.5
	35.2
	42.3


	Days in Production Materials
	6.1
	6.0
	7.2
	13.4
	33.7
	34.9
	29.3

	Days in WIP and FG
	1.0
	1.0
	1.7
	1.7
	3.4
	4.1
	3.6


	Company 10-K
	2000
	1999
	1998
	1997
	1996
	1995
	1994


Gateway Computed Ratios

	Days in Inventory (CGS & Avg Inv)
	12.3
	7.3
	12.9
	18.4
	22.4
	

	Days in AR
	20.7
	26.3
	27.3
	29.6
	32.6
	44.7

	Days in Inventory (CGS)
	15.2
	7.8
	10.4
	17.4
	24.8
	26.7

	Days in AP
	38.0
	36.6
	45.1
	34.8
	37.2
	28.5

	Cycle
	-2.0
	-2.5
	-7.4
	12.3
	20.1
	42.9


	Days in Production Materials
	12.2
	7.5
	9.6
	15.1
	24.0
	26.3

	Days in FG
	3.0
	0.3
	0.8
	2.4
	0.7
	0.4


Micron Computed Ratios

	Days in A/P (Purchases)
	103.5
	68.8
	51.9
	68.7
	60.0
	79.3
	80.8

	Days in Inventory (CGS & Avg Inv)
	5.6
	6.1
	15.4
	17.3
	16.8
	22.6
	

	Days in AR
	54.7
	38.8
	27.0
	41.7
	36.5
	47.0
	44.9

	Days in Inventory (CGS)
	9.1
	5.5
	7.5
	26.1
	20.5
	41.4
	34.8

	Days in AP
	107.6
	70.7
	53.3
	70.3
	60.9
	80.4
	81.9

	Cycle
	-43.7
	-26.5
	-18.8
	-2.5
	-3.9
	8.0
	-2.3


	Days in Production Materials
	6.7
	4.5
	5.0
	21.0
	17.3
	38.0
	31.5

	Days in WIP and FG
	2.4
	0.9
	2.5
	5.1
	3.1
	3.4
	3.9


Note: AP= Accounts Payable; AR = Accounts Receivable; CGS = Cost of Goods Sold; WIP = Work in Process; FG = Finished Goods
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