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Abstract

Profitable price negotiation In the Irregular route truckload motor

carrier Industry Is difficult due to the complexity of the Interrelationships

among the many distinct geographic market segments and because of the

several components or dimensions of price that must be properly harmo

nized. Concurrently, economic forces and competitive pressures are driv

ing down profits, forcing management to become more concerned about

understanding the multiple Influencers of price. Further complicating the

problem of profitable price negotiation Is the dynamic nature of the Indus

try. Decisions must be made quickly. There Is little time for analyses. This

forces decisions to be made with Inadequate preparation. Decisions that

often are determined, after the fact, to have been unprofitable and unde

sirable.

This research provides a solution to the problem of malting dynamic

pricing decisions with Inadequate analyses or preparation in the irregular

route truckload motor carrier industry. A dynamic pricing system Is

developed and operationalized through the creation of a software proto

type. It suggests prices based upon market segment specific historical

data, variable and fixed costs, competitive pressures, non-revenue actlv-
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ity, capital costs, tax costs, variation in historical data, and corporate

objectives. It further provides information regarding the profLtabihty of

linked market segments so that profitable pricing can be balanced when

necessary.

All analyses are done in real time using real-time data. The software

typically takes less than five seconds to provide management with the

information mentioned above.

The value of the dynamic pricing decision support tool to industry

was measured by placing the software prototype on-site with industry

partners. The tool was found to enhance the decision making process. It

also changed management's perception of the profitability of selected,

existing market segments currently being served.
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Part I

Problem Statement



Introduction

"[HJumans can forget relevant factors, especially if under

stress or in a situation where time is critical...."

"Most experts will freely admit to having gaps in their knowl
edge..."^

Today's rapidly changing business environment demands more of manage

ment than ever before. Recent corporate downsizing exacerbates this problem,

as more decisions must be made by fewer individuals. These decisions require

an in-depth knowledge of customers and their individual needs and behaviors.

However, few individuals can easily recognize or consistently remember all rele

vant information, particularly when making decisions under pressure.^

Many firms currently collect electronic data that could provide the facts

that are needed to assist in decision making, but the data are often not orga

nized properly, making the information nearly inaccessible. This means that

important information, including business trends, often remains concealed in

the data, and msinagement judgement does not benefit from the potentiad infor

mation at haind.^

1. Basden, Andrew, "On the Application of Expert Systems," Developments in
Expert Systems, Academic Press, London, 1984, pp. 64, 66, as quoted in: Allen, Mary
Kathiyn, The Development oj an Artificial Intelligence System for Inventory Management,
A dissertation for The Ohio State University, Published by The Council of Logistics Man
agement, 1986, p. 10.

2. Verity, John W. and Russell Mitchell, "A Trillion-Byte Weapon," Business Week,
July 31, 1995, p. 80.

3. Verity and RusseU, p. 20.



While enhanced and more rapid access to properly organized and more

effectively and efficiently manipulated data would benefit decision making in any

industry, this dissertation will deal specificaify with pricing decisions in the

truck load motor carrier (TLMC) industry. In particular, this research will

develop and measure the benefits of a state-of-the-art pricing suggestion system

for the TLMC industry. The system will be developed using well established con

cepts and theories found in the literature, as well as an understanding of cur

rent challenges and market pressures facing the industry, and will employ

several current technologies such as activity based costing (ABC) and economic

value added (EVA). In order to measure the benefits or value of the system, a

GUI-based software prototype will be developed and placed on-site with indus

trial partner(s). This process of operationalizing the model will draw from tech

nologies in several fields, including, among others, dynamic forecasting,

information engineering, and information theoretic statistics (ITS).

The testing and evaluation of the operationaUzed system will accomplish

the ultimate goal of this reseeirch, which is to measure both the economic and

perceived value of a dynamic pricing suggestion system that is based on accu

rate, rapidly accessed, current data. It is hypothesized that because of its con

stantly changing environment, the TLMC industry could benefit greatly from

such a dynamic pricing tool.



Background

TLMC Industry Today

TLMC's today face challenges that are difficult—if not impossible—to over

come with the management tools commonly available. Since the Motor Carrier

Act of 1980 (reregulation), the number of regulated truck load (TL) carriers has

grown tremendously."^ Excess capacity has existed almost constsintly since 1980

among both irregular route and dedicated service TL carriers,^ allowing msirket

forces to drive the industry.® Shippers have enjoyed a position of negotiating

strength throughout most of this period,^ and they can demand higher levels of

service than in the past, frequently at reduced rates.®

4. Lieb,Robert, Transportation, DAME Publications, Inc., Houston, TX, 1994,
pp. 84, 86, and 304.

This trend promises to increase as "it is the Federal transportation policy to...[s]up-
port repeal of remaining Federal laws imposing economic regulation on motor carriers."
See: Moving America: New Directions, New Opportunities, U.S. Department of Transporta
tion, Feb. 1990, p. 70.

5. "Special Report, Truckload Freight, Truckload chief says shift in Congress elim
inates some worries, adds others," (interview with Lana R. Batts), Traffic World, (No. 5,
Vol. 241, Whole No. 4578, Week of Jan. 30, 1995, pp. 27, 34.; and Tyworth, John E.,
Joseph L. Cavinato, and C. John Langley, Traffic Management: Planning, Operations and
Control, Addison-Wesley Pubhshtng Company, Reading, MA, 1987, p. 255.

6. Raue, Michael J., "You Can't Determine Prices Until You Understand Costs,"
Transport Topics, June 19, 1995, p. 17.

7. "Special Report," pp. 27, 34.

8. Mundy, Ray A., Brian J. Gibson, Gregory M. Kellar, and Edwin P. Patton, "Utiliz
ing a Carrier Management Continuous Improvement Framework (CMCIF) Model and
Activity Based Costing in the Management of Transportation Services", Journal of Trans
portation Management, accepted for publication Aug. 1994, pp. 3-5.

See also: Lieb, p. 236.



In this environment of existing excess capacity and low barriers to entry,

the emergence of today's version of ruinous competition Is a constant threat.® In

fact, SIS John D. Schultz has pointed out, evidence of this Is seen In the growing

concentration of carriers currently taking place In the TLMC industry as some

businesses merge sind others succumb to competitive market conditions.^®

Those that survive have often seen profits drop dreimatlcally and/or have been

forced to scale down their operations and offerings. Consequently, TL carriers

£ire being forced into a reactive, rather them proactive management style as they

try to adapt to a market where chsinges are frequent and often significant. Busi

ness survival in this environment is difficult, and attempting to flourish offers a

seemingly Impossible challenge.

Survival

An obvious question surfaces as to whether or not there Is anything a firm

can do to Increase its chsinces of survival. Heuristics, philosophies and theories

abound that suggest more profitable ways of running responsive organiza

tions.^^ These vaiy from price discrimination to total quality management (TQM)

9. Locklln, Ph.D., D. Philip, Economics of Transportation, 1935, Richard D. Irwin,
Inc., Chicago, IL, Revised Edition, W. B. Conkey Co., Hammond, IN, 1946, pp.149-150,
306-307; and Lieb, pp. 304-305.

10. Schultz, John D.. "Con-Way expands truckload offerings, earmarks $25 mil
lion for fleet additions," Traffic World, No. 4, Vol. 242, Whole No. 4590, Week of Apr. 24,
1995, p. 11; the use of the term "growing concentration" parallels its use by Lieb in his
description of the LTL industry (see: Lieb, p. 304); see also; B. Starr McMuUen and
Hiroshi Tanaka, "Structural Differences Between Large and Small U.S. Motor Carriers
Following Deregulation; Imphcations for Market Structure," Pre-Meeting Proceedings,
Transportation Research Forum 34th Annual Meeting, Russell B. Capelle, Jr. (editor), TRF,
St. Louis, MO, Oct. 21-23, 1992, section 2, McMullen pp. 1-2.

11. Lieb, pp. 304-305; For example; PST Vans is in reorganization (see; Bearth,
Daniel P., "PST Vans: From Bankruptcy to IPO," Transport Topics, No. 3108, Feb. 11,
1995, p. 4); LTL examples include: Mason and Dixon, Spector Red Ball, Smith's of
Staunton, McLean, etc. (see: Patton, Edwin P., Motor Carrier Costing and Profit Analysis,
Class materials packet, Log/Trans 402, University of Tennessee, Knoxville, Fall 1990,
pp. 1-2.).



to process reengineering. All these methods have their shortcomings and detrac

tors, and still leave unanswered the question as to whether there is any way to

avoid failure, particularly for medium-to-small firms that do not have extensive

capital resources to fall back on.

Some firms appear to have found a solution to these problems and are not

only surviving in today's environment, but are actually thriving. For example,

Schneider Motor Carriers has been experiencing significant success recently.

Don Schneider, CEO and president, attributes the company's success to its use

of "Information Resources."^® He recently stated that his company was "not in

the trucking business, but rather in the information business. While it is not

clear how much of the success that this firm has experienced can actually be

attributed to its information systems (since it has so many other resources that

contribute to its success) it is significant that Don Schneider attributes their

success foremost to information management, and views his company as being

in the "information business."

In the TLMC industry, by basing management decisions on improved infor

mation, a more proactive management style is possible which should allow many

firms to become increasingly more productive. In a time of consolidation, this

ability to manage proactively and profitably could be the difference between sur

vival or extinction. As figure 1 projects, in the pursuit of profits, superior infor

mation should convert unprofitable transactions to money-meiking transactions.

12. Davis, Jr., Frank and Karl Manrodt, "Service Logistics: an Introduction,"
Annual Conference Proceedings, Council of Logistics Management, Fall Meeting,
Oct 7-10, 1990, Volume II, Anaheim, CA, pp. 67-92: and Mundy, etal., 1994, pp. 1-23.

13. Levinson, Marc, "Riding the Data Highway. (Schneider National Inc. Uses
Sophisticated Technology to Manage its Fleet of Trucks)," Newsweek, March 21, 1994,
Vol. 123, No. 12, p. 54.

14. Levinson, p. 54.
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FIGURE 1 Influence of Information on Profitability

The figure shows two curves. The dashed curve resembles a normal distri

bution curve and Indicates that transactions are about as likely to be profitable

as unprofitable when profit determining decisions are made randomly, or with

inadequate or incomplete knowledge or information. The solid curve indicates

that a shift occurs, moving unprofitable transactions to profitability with the

strategic and tactical use of superior information. This is a graphical representa

tion of the phenomena that Schneider Motor Carriers has experienced.



Information and Data

Information has been defined as "data endowed with relevance and pur

pose."^® Managers today frequently have access to large amounts of data, and

many technologies exist to facilitate its rapid acquisition, analysis, and use.^®

These technologies include such tools as database management programs and

spreadsheets. Such tools can quickly show relationships and trends in the data,

thus providing details for decision making.

With the combination of the existing data and these data analysis tools,

managers have an ideal opportunity to manage with increasing foresight and

profitability. In an era hailed as the information age, this improved ability should

provide managers with rapidly accessible, time-sensitive knowledge to make bet

ter decisions. In particular, pricing decisions should improve given the vast

amount of customer, cost, cind transaction data available.

Data not Exploited

Unfortunately, the ability to use data rapidly and effectively to support deci

sions is not as common as it should be. Although vast amounts of data are auto

matically collected electronically, the data are usually structured for accounting

or transaction retrieval purposes, not for decision-support applications.^^ A

transformation of the data into useful information requires planning, data anal

ysis and effort. As Peter F. Drucker noted: "Converting data into information

15. Drucker. Peter F., The New Realities; In Government and Politics/In Economics
and Business/In Society and World View, Harper & Row, New York, NY, 1989, p. 215.

16. Preissler, Kenneth and Frank Davis, "Several Technologies such as RAD, JAD,
etc.," presented at DNA Annual Conference, Boston, MA, Sept. 15, 1994.

17. Ernst & Whiimey in collaboration with Cleveland Consulting Associates,
TRANSPORTATION ACCOUNTING & CONTROL: Guidelines for Distribution and Financial
Management, National CouncU of Physical Distribution Management and National Asso
ciation of Accountants, Oak Brook, XL, 1983, p. 164.
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requires knowledge."^® Unfortunately, many firms do not take the necessary

steps to take advantage of their automatically collected, electronic data. In fact,

even over a decade ago Naisbitt observed, that meiny firms axe "droAvning in

information, but starved for knowledge."^®

This under-utilization of automatically collected data is due in part to the

significant corporate resources—such as capital required for hardware pur

chases and software development, and time commitment by management to

refocus compsiny policy £ind retrain personnel—that must be brought to bear

before historical data can become useful. It is also due to what amount to, at

times, a shortage of appropriate software, as will be discussed.

In short, platitudes about the "information age" and conventional wisdom

regarding the benefits of electronic data collection and analyses all too often

remain unrealized. This is particularly true of attempts to use the data tactically.

For example, the djmamic use of computer data to assist real-time pricing deci

sion making is rare in computer based decision-support tools, particularly in the

TLMC industry. Indeed, since data analysis is relatively slow, when data is

used to aid decision making, management's use of the data is often limited to

strategic (long-term), rather than tactical situations.

18. Drucker, p. 215.

19. Naisbitt, John, Megatrends: Ten New Directions Transjorming Our Lives,
Warner Books, Inc., New York, NY 1982, p. 24.

This has been reiterated more recently In: Raue, p. 17-18.
20. Raue, p. 18.

9



Pricing Information

Industry Need for Dynamic Pricing Decision Support

As mentioned previously, cost measurement devices and pricing suggestion

systems are a class of decision-support tools that have received inadequate

attention up to this point in the TLMC industry in spite of the potential bene

fits. The noticeable scarcity of pricing decision-support tools in the TLMC

industry is surprising since few decisions influence corporate profitability as

much as pricing decisions. In fact, since these decisions influence the market

ing-mix by identifying target markets, which in turn affects sales volume, pricing

has been "rated as the number one problem facing marketing executives.

Thus, the development of a dynamic pricing decision-support tool (DPDST), uti-

21. An extensive review of software as found in: Richard C. Haverly, Robert A.
Weisstuch, and Jeffery S. Berkoff of Andersen Consulting for the Council of Logistics
Management, Logistics Software—1993 Edition, CLM, 1993, does not reveal any djmamic
pricing or pricing suggestion systems, and shows very limited costing or pricing software
of any fype commercially available. Further, while software, such as Rail Form A com
puter Costing Model and URCS, are available from the ICC, this software uses extensive
averages, resulting in limited utility. I have further explored this subject with Kenneth
Preissler (of Central Transport's MIS division); with John Kent (formerly of the MIS divi
sion of Burlington Motor Carriers and other carriers, and currently an intern with High-
wayMaster Software): with Bill DeWitt (formerly of the board of Burlington Motor
Carriers): with Jeff Woods (VP of Operations for LandAir Transport, Inc.): with John
Tweed (VP of Marketing for LandAir Transport, Inc.): and with Jeff Taylor (Operations
Cost Anafyst for LandAir Transport, Inc.), all of whom state that dynamic pricing sys
tems are not commonly embedded in software systems used in the TL motor carrier
industry, and further confirm the general lack of available pricing software and the lim
ited utility of what is available. Dynamic pricing decision-support software is not cur
rently embedded in "HighwayMaster" (MIS software for the motor carrier industry).
LandAir Transport, Inc. has used McCormick Software designed for an IBM AS400 sys
tem which does not include such a tool. A review of the documentation of Innovative

Transportation System's Traffic Analyzer shows that this also lacks any dynamic pricing
abihty.

22. Allen, Mary K., The Development of an Artificial Intelligence System, Disserta
tion, The Ohio State Universify, 1986, p. 180.

23. See: "Segmentation Strategies Create New Pressure among Marketers," Mar
keting News, March 28, 1986, p. 1, as quoted in Kotler, Phihp, Marketing Management:
Analysis, Planning, Implementation, and Control, Prentice Hall, Englewood Cliffs, 1988,
p. 495.

See also: Kotler, pp. 71-76 and 494-501.

10



lizing automatically collected data to aid pricing decisions, should have a tre

mendous value, both economic and perceived, to the TLMC industry.

While any business unit could benefit from an automated, dynamic deci

sion-support tool to aid in suggesting and setting prices, it is more beneficial for

some industries than others. Products or service offerings that have constantly

changing costs, demand, elasticity, or competitive influences, have a greater

need for a DPDST than those that enjoy great stability. The TLMC industry pro

vides a prime example of such an industry since it experiences extreme levels of

competition and a constantly changing operating environment (both political

and economic.)

Pricing in the TLMC Industry

The irregular route TLMC industry experiences sufficient volatility (i.e.,

daily shifts in demand and cost patterns) to more than justify the creation and

implementation of an automatic and dynamic pricing suggestion system. For

instance, the volume of business in a given market segment often shifts daily as

a result of the acceptance of new business or the discontinuation of existing ser

vice offerings. Other examples of business patterns that may change over time

include fuel prices and fuel efficiencies of power units in different seasons of the

year. As these and other attributes of a given market change, they should be rec

ognized and factored into current prices.

One type of information that has the potential to significantly help any firm

to avoid unprofitable pricing is an accurate knowledge and understanding of the

costs of its activities and service offerings.^^ Because of the current lack of ade-

24. For a more in-depth discussion of how seemingly minor factors can influence
profit margin significantly, see page 25.

25. Mundy, et al., 1994, pp. 9-10.

11



quate cost measurement devices, few TL firms enjoy a complete, much less accu

rate, comprehension of their costs.^® Many costing systems still make extensive

use of business averages,^'' are ad-hoc in nature and require significant atten

tion and resources. When costs are finally calculated they are frequently inaccu

rate because they suffer from the use of aggregated and untimely data. These

inaccuracies are due, in part, to ongoing changes in business patterns, com

pounded by the passage of time.

To avoid these errors, cin ideal costing/pricing system should use disaggre

gated, on-line data to provide real-time, nearly instantaneous, measurements of

costs. This disaggregation should be statistically optimized, balancing the com

peting forces of 1) decreasing relevsince due to decreasing sample size (as data

becomes more finely disaggregated, and 2) decreasing relevance due to the over

use of averages. This time-sensitive environment should provide superior infor

mation to management when compared to the current state of the art. The

improved ability to accurately measure and use costs to assist the establishment

of prices should help a firm to make better decisions and could ultimately

improve profitability.

The suggestion of optimized prices based on accurate, current business

transactions should provide a competitive advantage for any TLMC. The degree

26. Raue, p. 19.

See also: Beard, Robert, "Trucking Cost Analysis, a Panel Discussion," Bob Hasek,
Organizer and Moderator, Proceedings of the Transportation Research Forum, TRF,
Arlington, VA, Vol. 6, 1992, p. 268: Porter, Michael E., Competitive Advantage; Creating
and Sustaining Superior Performance, The Free Press, New York, NY, 1985, p. 63.

27. Costing systems hailed as useful as late as 1993 advocated the use of aggre
gated and averaged data in costing measurements (see: Buxton, Freemen K. and Paul
Bertels, "Estimating Rehigerated Motor Carrier Costs," The Journal of the Transportation
Research Forum, V. 33, #2, Arlington, VA, 1993, pp. 26-32).
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of competitive advantage should be increased if these pricing suggestions can be

made in real-time.

Pricing Decision-Support Tools

Definition of Price

The development of a dynamic pricing suggestion system through the use of

a DPDST requires a consistent definition of the term price. The use of the classi

cal defmition: a measure of the value of a product or service,^® greatly simplifies

this development. Notice that this definition should be distinguished from the

common use of the term, which refers to the amount of an offer. For example, if

a service is offered for $500, but no one purchases the service, the value of the

service at the offered place and time with the existing knowledge base must be

less than $500 to potential purchasers since it was not sold. Thus the $500 offer

would not constitute a price. The price or economic value of a product or service

must be determined or set by both purchaser and seller. This will be discussed

in somewhat more detail in part II.

Multiple Dimensions of Price

Of course, mesisuring the economic value of a product or service is a com

plex task because "price" spans several dimensions. Cost, demand/elasticity,

customers, value of service, competition, markets, and corporate strategy are

some examples of the dimensions of price. In order to most profitably establish

prices, all infiuences should be taken into consideration. Detailed costs should

28. Marshall, Alfred, Principles of Economics: An Introductory Volume, Eighth Edi
tion, MacMillan & Co. Ltd., London, Eighth Edition 1920, reprinted 1961, p. 51.

See also: Marx, Karl, Capital: A Critique of Political Ek:onomy, Frederick Engels (edi
tor), The Modern Library, 1906, pp. 106-111.
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be measured, demand/elasticity should be estimated, and customers' percep

tion of the value of service should be considered.^® Competitive influences

should be combined with these analyses, target markets should be identified,

and all factors should be evaluated in light of corporate strategy.^®

However, because of the wide scope and the numerous calculations

required, the analyses mentioned are so time consuming that the effort and

expense required to perform these calculations force many prices to be estab

lished without an appropriate amount of investigation.®^ This failure to properly

and dynamically estimate the economic value of an offering is unnecessary since

the technology and theoretical understanding exist that could help industries

develop automated pricing suggestion systems to perform these analyses rapidly

and accurately.

Decision-Support Versus Decision-Making Tool

The decision-support tool proposed by this research should be contrasted

with a decision-making tool. A decision-making tool automaticalfy makes a deci

sion whereas a decision-support tool functions in an advisory capacity only. An

example of a decision-making tool can be found in the U.S. airline industry,

another industry with service offerings that experience frequent changes in

demand and competitive influences. To combat this volatility, airlines have been

applying jdeld management for over a decade with the aid of a revenue manage

ment and reservation system that has cost about $10 million per year.®® Only

firms with revenues as large as some major airlines could afford to develop a

29. Kotler, p. 525.

30. Kotler, p. 496.

31. Kotler, p. 526. Kotler suggests preparing preplarmed response to competitive
price changes for "swift reaction." This implies that normally, the establishment of prices
is too time consuming to allow for "swift reaction".
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pricing system of this magnitude. In spite of the apparent benefits that an

automated pricing system (decision-making tool) brings to a firm, few firms have

the resources to develop such a tool. Fortunately, technologies now exist that

make possible the development of an affordable pricing decision-support tool.

Besides the fact that a decision-support tool can be much less expensive to

develop than a decision-making tool, many businesses might actually prefer a

tool that aids management rather than trusting important managerial functions

to an automated tool that makes decisions. Such decision-support tools are

abundant in other applications. For example. Wall Street investors use many

analysis tools (decision-support tools) on a daily basis, but combine these analy

ses with human judgement to make investment decisions. Similarly, in the

TLMC industry, a tool that enhances management's understanding of prices cind

aids in decision making could greatly improve profitability by facilitating faster

and more profitable pricing decisions.

Adequacy of Currently Collected Data for a DPDST

Many firms, even small and medium sized ones, automatically collect elec

tronic transaction data. Often, these data could serve as a basis for an auto

mated pricing suggestion system without great capital outlay, since the

automatically collected transaction data could be analyzed to reveal estimates of

demand and elasticity as well as play an integral role in cost determination. For

32. Burger, Todd (Organizer & Moderator), "Yield Management in the Rail Indus
try," Proceedings oj the Transportation Research Forum, Volume 6, 1992, 34th TRF
Annual Forum, St. Louis, Missouri, October 21-23, 1992, p. 324.

See also: Reed, Dan, The American Eagle, The Ascent of Bob Crandall and American
Airlines, St. Martin's Press, New York, NY, 1993, pp. 182-184.

33. Major american airlines have revenues of at least 1 billion dollars annually.
See: Reed, p. 270.
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example, many TLMC's automatically measure and collect the number of reve

nue generating linehaul miles involved in each transaction. These measure

ments could then aid cost measurements (one of the above listed factors that

influences price). In fact, the only elements necessary for price determination

that cannot be estimated easily from commonly collected data are corporate

strategy and competitive influences.

Additionally, the use of automatically collected transaction data endows the

creation of pricing suggestion systems with the correct interplay between cost

and price. This interplay is both obvious and subtle. On the one hand, prices

should not be set below variable costs, while on the other hand, common costs

are partiedly determined by price since price influences sales volume, which in

turn determines measured common costs on a per unit basis. By using

dynamic data, changes in business volumes can be detected immediately and

used to update cost measurements so that price and cost measurements are

always consistent. This issue will be dealt with in greater detail in parts II

and III.

Characteristics of an Ideal DPDST

Market Segment Specific

A DPDST that addresses the dynamic environment in the TLMC industry

should have several characteristics. Among others, it should allow prices to be

market segment or even customer specific. Therefore, it should use statistically

disaiggregated data. The degree to which the historiccil data should be disaggre-

34. Maurice, S. Charles and Charles W. Smithson, Managerial Economics, Applied
Microeconomics for Decision Making, Third Edition, Irwin, Homewood, IL, 1988,
pp. 270-284.

35. Locklin, pp. 164-165.
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gated should correspond to market segment definitions. As attributes of a given

market segment change, the system should recognize and factor these changes

into current prices. Ideally, a pricing suggestion system would be able to adapt

to such chcinges quickly and automatically. This becomes complicated as market

segments appear and disappear dynamically. However, in the past few years,

statistical tools, such as neural networks, have been developed that will allow

these dynamic analyses to take place.

Adaptable to Management Strategy

Another characteristic of an ideal DPDST would be the ability to adjust

readily to changes in management strategy. For example, if a firm changed pric

ing strategies from markup pricing to target return pricing, the pricing sugges

tion system should be easily adapted from the old to the new strategy. This will

assure that development efforts and costs are preserved as changes occur. It

would be unwise and unnecessary to develop a DPDST that supports only a fixed

pricing method for all transactions.

Rapidly Available Information

A significant benefit that a DPDST should bring to industry would be an

increased speed with which effective decisions could be made. In order to realize

this benefit, the tool must be easy to use. Otherwise, the potential benefit of

increased speed in decision making might be negated by the difficulty of using

the system. Ideally, the system would be electronically programmed into a user-

friendly computer softweire package such as is commonly found in today's

graphical user interface (GUI) computer software. The operational prototype that

this research will develop will pursue this ideal.
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Requirements for Development

In order to develop and implement a pricing tool that fully achieves the

hoped for benefits, several things must happen. First, businesses and business

mcinagers must gain a vision of the full potential offered by the massive amount

of data that is currently automatically collected. Second, managers must under

stand the limitations imposed by the present structure of this data. Third, algo

rithms and theories must be developed that better address management's needs

and more fully take advantage of advancing technologies. Fourth, a change must

occur that sillows data to be collected, organized, and analyzed with read-time

decision making as their primary objective.

These four points could be considered stages in the development of a fully

functional, dynamic decision-support tool. This research will attempt to imple

ment a stage three prototype for the tests mentioned eairlier.

Currently Available Technologies

Technologies have been in existence for several years, such as information

engineering and a probabilistic neural network known as information theo

retic statistics, that could dramaticadly improve decision making if properly

implemented.^® These technologies allow large numbers of combinatorial

options (thousands or millions of distinct mathematiccd models of current or

potential business scenarios) to be compared in real time. The comparisons of

these distinct mathematical models can then be linearly ordered to reveal busi-

36. See for example; Martin, James and Clive Finkelstein, Information Engineering,
Savant Institute, London, UK, 1979, 2 vols., and other earlier works.

37. See: Akaike, H., "Information Theory and an E^ension of the Maximum Likeh-
hood Principle," Second International Symposium on Injorrrvation Theory, B. N. Petrove
and F. Csaki (editors), Akademiai Kiado, Budapest, 1973, pp. 267-281.

38. These and other relevant technologies are discussed in part II.
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ness patterns that are hidden in automatically collected data—such as purchas

ing practices of certain customers, or seasonal demand shifts for various

products or service offerings in various regions or market segments. The revela

tion of these hidden patterns should allow management to pursue optimal tac

tics and cost effective strategies that lead to greater profitability, particularly by

facilitating the creation of near optimal prices on a market segment by market

segment or a customer specific basis. Thus, a DPDST could make use of the

above mentioned technologies to assist in the determination of prices.

The development of a strategic or tactical DPDST that incorporates all of the

qualities and technologies that have been suggested could make a significant

contribution to current pricing practice. It would advance several bodies of

knowledge including those of pricing and of resd-time data analysis^® and would

require several types of research, including statistical survey, applied, project,

and process research.^®

Objectives of Research

This research will attempt to answer directly the research questions stated

in the following sections. Furthermore, this research will provide, indirectly, an

example of how real-time data can be used in decision-support applications to

provide an advantage to management. The research will measure both the per

ceived value of the model to management as well as the economic value it pro

vides. This sequence is shown in figure 2.

39. Raue, p. 19.

40. Lord Rothschild, "Forty-five Varieties of Research (and Development)," Nature,
Vol. 239, 13 October 1972, pp. 373-378.
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FIGURE 2 Research Stages

DPDST Development

The first set of research questions are associated with the development of

the pricing system and can be summarized as follows:

1.

2.

How can currently available technologies not commonly utilized in
pricing in the TL industiy be harmoniously incorporated into a state-
of-the-art pricing suggestion system?

What is the pricing system that this research will construct and sug
gest to advance the current state-of-the-art?

The first question will be answered in part by a literature review of the cur

rent state of the art in pricing, particularly as it applies to the TL industry, as

well £is a review of some of the technologies aveiilable that could further the

development of both an improved pricing system and its operationalization. The

answer to the first question will be completed and the second question will be

answered by developing and giving a detailed description of the pricing system

proposed.

The proposed system will operationalize and expand several concepts put

forth over a decade ago.'^^ In particular, it will use automatically and naturally

collected data to assist in identifying traffic or geographic market segments that

should receive greater attention. This information can be used to identify geo-
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graphic market segments that are unprofitable and should be abandoned. The

system will incorporate seversil technologies not commonly used in pricing which

will allow dynamic decision-support seldom found in pricing models. These tech

nologies will be discussed in detail in part II. A brief explanation of the key

attributes of the DPDST that will be developed as well as the roles of a few of the

incorporated technologies follows.

Market Segment Identification

As mentioned, an importeint pgirt of the proposed pricing suggestion model

will be the dynamic and precise statistical identification of geographic market

segments to facilitate cost allocation and hence pricing. This will be important

since unique market segments should be priced distinctly. When market seg

ments are carefulfy and consistently identified dynamically, changes can more

quickly and easily be identified and incorporated into the model.

In the TL industry, the statistical identification of market segments has not

received adequate attention. Often, identifications of market segments are made

only by a manager's experience or memory. For example, if a dedicated service is

established between Chicago, IL and Omaha, NE, the manager's belief concern

ing the characteristics of this geographic market segment will be influenced by

this service. If the service is discontinued, the manager's memory often does not

adequately compensate for the change.'*^ This can lead to inappropriate pricing.

The difficulty in keeping up with all of the market segments that are served is

41. Mundy, Ray A., "Managing and Evaluating Carrier Pricing," Logistics Resource
Forum, #3, Logistics Resources, Inc., Cleveland, Ohio, September, 1983, pp. 119-135.

42. Basden, pp. 59-75; Conversations with Jeff Woods (VP of operations at Lan-
dAir Transport, Inc.), John Tweed (VP of marketing at LandAir Transport, Inc.) and Bill
DeWitt (previously of the board of Burlington Motor Carriers) have aU emphasized this
fact in personal conversations during March and April, 1995.
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due to the large number of market segments (thousands)^^ and the dynamic

nature of these markets. Each market segment has its own unique characteris

tics. For example, the non-revenue miles and non-revenue time associated with

transactions (two measurements that should greatly influence pricing) cein veuy

greatly from geographic market segment to geographic market segment, and

even from season to season within a given market segment. Unfortunately, cur

rent pricing suggestion systems often do not adjust rapidly enough to adequately

consider these changing characteristics. This limits their utility.

A geographic msirket segment will be defined in this research by origin-des

tination pairs (such as Mobile, AL to Memphis, TN) that exhibit patterns that

management can use to their advantage. Any particular origin-destination pair

needs a certEiin level of activity before it can reveal its unique chsiracteristics and

thus be considered a geographic market segment rather than merely a small

part of a larger geographic market segment. For instance, a shipment from Cit-

ronelle, AL (near Mobile) to Memphis, TN might be considered as part of the

Mobile-Memphis market segment (assuming that Mobile-Memphis forms a geo

graphic market segment) if only one shipment a year originates in Citronelle. The

level of activity needed before ciny given origin-destination pair can or should

constitute a unique geographic market segment can be determined statistically.

Specific statistical methods that facilitate this determination will be discussed in

pgirt II.

43. In analyzing exhaustive data of services provided by one company, LandAlr
Transport, Inc., during a one year period (Jan. 1991-Jan. 1992), 12,035 geographic
market segments were identified as defined by 3-dlglt zlpcode origin-destination pairs.
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EVA

It should be noted that capital yield is often referred to as profit. This differs

from some popular pricing theories that suggest that profits should be based on

operation ratios or contribution ratios. This method of considering and includ

ing capital costs and taxes in the calculation of costs and profits has recently

been referred to as economic value added (EVA).'*® Utilizing capital yield to define

profits is a concept that dates back to 1890 when it was discussed by the well

knoAvn economist Alfred Marshall.*® The concept has received attention recently

due to the increased profitability that it has brought to a number of firms that

have implemented it."*^ EVA has the advcintage that it calculates profits as a

return on investment. For example, if an investment of $1,000 is used for 24

hours, and the required return on the investment is 12% per annum (with no

compounding), the required return for the use of this investment for 24 hours

should be $1,000 ¤ 0.12/365 = 33<t:.

Common Costs

The difficulty of "accurately" measuring costs complicates operationaJizing

the DPDST as proposed. One of the primciry reasons for this difficulty arises

from the problems associated with allocating common costs across multiple

transactions. It is often argued that no allocation scheme can be shown to be

"correct" so that the objective in identifying an allocation scheme is merely that

44. Temple, Barker & Sloane, Inc., Creating Profitability: The Sales and Marketing
Challenge, Sales and Marketing Council, American Trucking Association, Inc., 1985,
p. v-vi.

45. Rutledge, John, "De-jargoning EVA," Forbes, Oct. 25, 1993, p. 148; and Tully,
Shawn, "The Real Key to Creating Wealth," Fortune, Sept. 20, 1993, p. 44-50.

46. Marshall, Alfred, pp. 61-62.

47. TuUy, p. 38.
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the scheme be logical."^® However, some persuasively argue that the allocation of

common costs using ABC allocation schemes offers significant advantages over

more traditional methods.'^® Therefore, this research will use ABC techniques in

the allocation of common costs.

Refinements of Cost Measurements

While it may appear that all non-common costs are identifiable, some costs

believed to be identifiable are actually common. This "mistake" comes as a result

of natural and seemingly harmless averaging of data and costs. For example,

fuel tax rates often are not considered to be common costs even though fre

quently they are averaged across all states, and this average is used in the mea

surement of the cost of each shipment.®® This has the effect of assigning costs to

all transactions with a single fuel tax rate even though each shipment may

traverse several states (each with very different fiiel rates).

To illustrate the difference this can make, consider two markets, (1) Knox-

ville, TN to Dajdon, OH and (2) Memphis. TN to New Orleans, LA. The first

traverses the states of TN, KY, and OH while the second traverses the states of

TN, MS, and LA, These states differ greatly in their fuel tax rates (fuel tax rates

by state: TN $0.17, KY $0.12, OH $0.22, MS $0.18, LA $0.20).®^ It could be dan-

48. Patton, E. P., Brian J. Gibson, and Gregory M. Kellar, "A Methodology for
Understanding and Managing Motor Carrier Costs," Proceedings, Thirty-Fifth Annual
Meeting, Transportation Research Forum (TRF), Louis A. Le Blanc (editor). New York, NY,
Oct. 14-16, 1993, p. 47.

49. Gibson, Brian J., Gregory M. Kellar, Ray A. Mundy, and E. P. Patton, "Costing
Concepts, Methods, and Teaching Techniques for Carrier Management Courses," Logis
tics at the Crossroads of Commerce, Proceedings of the Twenty-Third Annual Transporta
tion and Logistics Educators Conference, James M. Masters (editor), CLM, Oct. 16, 1994,
p. 2: see also: Mundy, etal., 1994, p. 10.

50. See: Patton, E. P., Transportation Cost and Profit Analysis, Graphic Creations,
Knoxville, TN, Spring 1994, pp. 95, 111.

51. Monthly Fuel Management Report, North American Technology Corporation,
January, 1994.
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gerously misleading to measure a cost for a transaction from either of these mar

kets using the averaged state fuel tax rate.®^ Because of the variation from

market segment to market segment, a more accurate picture of the cost for a

particular shipment would be obtained by disaggregating the data and using the

fuel tax rates on a state by state basis.

There are several other costs that need to be considered according to their

usage or activity level in establishing suggested prices. For instsince, driver

retention and retraining costs vary from season to season and from market seg

ment to market segment. Also, accessorial charges must be measured on a mar

ket segment by market segment basis. Fuel price variances and fuel efficiency

differences should also be calculated.

Those familiar with the TLMC industry may find the mention of such appar

ently minor cost factors such as fuel price or efficiency variance unexpected

since, for instance, a fuel price change would probably influence total cost by no

more than a few percent.®^ The issue, however, is the sensitivity of profits to

these changes. Many market segments experience about 3% of total costs as

profits. This implies that, for instance, a 5% total cost swing produced by a mild

fluctuation in fuel prices could cause a transaction to shift from very profitable

to unprofitable.

These and other cost measurements should refine current costing practices

in order for the DPDST to achieve its desired end. Employment of ABC methods

(discussed in part II) will facilitate many of these refinements.

52. The reason for the concern is the sensitivity of profitabihty to small changes in
costs. This is similar to the reasoning found in the discussion that follows and in the fol
lowing footnote.

53. For example, if fuel changes from $ 1.00/gal to $ 1.25 /gal and if fuel represents
20% of total costs, then this fuel price increase adds only 5% to the total cost.

25



Allocation of Non-revenue Generating Miles

Non-revenue generating activities should influence suggested prices. These

activities are often called "empty miles," "deadhead miles," or "repositioning

miles." Throughout this dissertation, this will be referred to as non-revenue gen

erating miles. The inclusion of these activities in setting prices is necessary as

they can be Isirge influencers of costs and their level should be measured on a

market segment by market segment basis. In particular, firms develop geo

graphic market segments in which they maintain high levels of capacity utiliza

tion (referred to as "lanes"). There is very little non-revenue activity in these

lanes. However, once the firm accepts business outside of its lanes, or its lanes

become unbalanced, it subjects itself to increased levels of non-revenue activity.

This occurs in two ways primarily; 1) a power unit must be driven a certain dis

tance with no revenue generating load, or 2) a power unit must sit idle awaiting

a revenue generating activity. Clearly, these activities must impact suggested

prices.

DPDST Attributes

Finally, to realize its full potential, the DPDST being developed should cal

culate prices individucdly according to:

•  disaggregated, on-line, real-time, automatically collected data;

•  up-to-date and accurate measurements:

•  measurements that are available on demand; and

•  disaggregated forecasts of business volumes, activity levels, etc.

54. This avoidance of the term "empty miles" comes from its multiple meanings.
Some, but not all carriers differentiate among repositioning miles, empty miles, and
deadhead miles. All these may be classified as non-revenue generating miles, thus avoid
ing any ambiguity.
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Pricing decisions should be a function of many variables. In addition to

some of the more common independent variables such as fuel, labor sind power

equipment, some of the less common exogenous variables could be:

•  the month when the transaction begins or the time duration of the transac-
tion:=5

•  the distance a power unit must travel between the destination of one ship
ment to the origin of the next, or the time duration from the shipment deliv
ery of the current transaction to the dispatch of the next shipment:

•  driver retention and retraining:

•  accessorial charges:

•  capital costs: and

•  taxes.

The pricing method also should include the following features:

•  the definition of the function used in calculating any pricing suggestion
should be user definable, and

•  the method should form a "clear box"®® and should expand rather than cloud
the user's understanding of the environment as is so prevalent in many
"black boxes."

The utility of this DPDST will be tested as described in the following section.

Prototype Development

Once the first two questions regarding the DPDST development are

answered, a most obvious research question emerges:

55. Notice that a change in fuel economy from season to season may seem insig
nificant since it will change a total cost measurement only a few percentage jxjints. How
ever, as seen previously (see footnote 53), the profitabihty of this transaction can be very
sensitive to these cost changes. For example, a change in fuel economy from 5.1 mpg to
5.9 mpg is a very realistic seasonal change, and the difference in the two costs often rep
resents more than 55% of profits, according to a brief review of seasonal fuel economies
and cost measurements from a major TLMC.

56. I owe my appreciation to Dr. Ray A. Mundy for introducing me to this term. He
uses this term freely in discussions with his graduate classes to distinguish between
decision-support systems that add managerial understanding of business processes
(clear box) and those that make managerial suggestions without any increase in mana
gerial understanding of business processes (black box).
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3. Can the DPDST described be operationalized?

To propose a theoretical pricing suggestion system that cannot be imple

mented has limited value. Therefore, this research will demonstrate the utility of

the DPDST through the creation of a fully functional software prototype.

The production of this software will furnish the ability to have industry

partner(s) implement and test the pricing suggestion system. This will facilitate

the measurement of any added value that the DPDST might provide to industry.

Value of DPDST

In placing the prototype on-site with industry partner(s) for evaluation,

extensive efforts will be required to adapt the data of the partner(s) so that they

can be used interactively and dynamically with the prototype. Because of this,

the research involving evaluation of the use of the prototype wiU have to be

restricted to a limited number of firms.

The placement of the prototype with industry partner(s) will sillow the per

ceived £ind the economic value of the DPDST to industry to be measured. As

used here, the term value is restricted to the content found within the research

questions that follow:

1. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

2. What are the various uses that a firm can fmd for such a system?

3. What are the desirable consequences of implementing this system?

4. What Eire the undesirable consequences of implementing this system?

5. How would customers be influenced by this system?

6. What would the economic cost of this system be to a firm?

7. What is the economic value of this system to a firm?
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In the above research questions, the first five will address perceived value

while questions six and seven will address economic value. The specific mea

surement instruments that will be used to answer all above questions will be

discussed at length in part 111.
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Summary

In order not only to survive but to flourish in today's business environment,

a TL firm must have access to, and utilize intelligently, all the information it can

in making management decisions. This is particularly true in the area of setting

prices. However, little has been done in the past to assist TL firms in intelligently

setting profltable prices. Recent technological advances have set the stage for

advancing the current body of knowledge regarding DPDST's.

The first step in this research will be the development of a theoretically

based pricing system for the TLMC industry that extends the current state of the

art. After the theoretical pricing system is produced, this dissertation will show

that it can be operationalized through the creation of a computer software proto

type. Many state-of-the-art technologies will play an integral part in the develop

ment of this system and prototype. A few of the more prominent technologies

are: (1) information theoretic statistics (ITS) (a class of neural networks), (2)

information engineering, (3) graphical user interface (GUI) software engineering,

(4) numerical analysis, (5) ABC, and (6) EVA. The absence of any one of these

technologies would limit the utility of this project.

The third step in this research will be to measure the vedue of this prototype

to industry. To accomplish this, the prototype will be implemented on-site with

cutting-edge industrial partner(s) from the TLMC industry. The value of the pro

totype to the flrm(s) (both the perceived sind the economic value) with whom it is

placed will then be measured.
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The specific research questions that will be addressed in this dissertation

are listed below:

1. How can currently available technologies not commonly utilized in
pricing in the TL industry be harmoniously incorporated into a state-
of-the-art pricing suggestion system?

2. What is the pricing system that this research will construct and sug
gest to advance the current state-of-the-art?

3. Can the DPDST described be operationalized?

4. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

5. What are the various uses that a firm can fmd for such a system?

6. What are the desirable consequences of implementing this system?

7. What are the undesirable consequences of implementing this system?

8. How would customers be influenced by this system?

9. What would the economic cost of this system be to a firm?

10. What is the economic value of this system to a firm?

This research will serve several purposes. First, and most directly, it will

advance the state of the art in pricing in the TL industry. Second, it will measure

the value that this system will bring to industry. Indirectly, this model will serve

as an example of how automatically collected, historical data can be used

dynamically for strategic and tacticsil decision-support purposes.
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Part II

Literature Review



Introduction

"Pricing is the moment of truth—all of marketing comes to

focus in the pricing decision."^

The body of literature that contributes to the development of this DPDST for

the TL industry comes from several different fields and bodies of knowledge. The

primary sources of the contributing technical streams of thought can be found

in: transportation pricing, activity based costing (ABC), economic value added

(EVA) capital costing, information engineering, information theoretic statistics

(ITS), numerical mathematics, and forecasting. In brief, their respective contri

butions to this research are:

Transportation Pricing:

Activity Based Costing
(ABC):

Economic Value Added

(EVA):

Information Engineering:

Information Theoretic Sta

tistics (ITS):

Economic theories and philosophies and cur
rent environmental conditions that influence

pricing attitudes and methodologies.

Measuring costs according to the level of
resources that a particular activity requires.

Modernization of a concept that dates back to
Marshall. It includes capital costs in cost mea
surements.

Study of means to efficiently collect and distrib
ute data electronically

A class of neural network that allows optimal
probabilistic ordering of various statistical mod
els.

1. Corey, E. Raymond, Industrial Marketing: Coses and Concepts, Prentice Hall,
Englewood Cliffs, NJ, 1962.
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Numerical Mathematics:

Forecasting:

Study of algorithms and theorems to produce
faster and more accurate calculations using
mechanical (or electronic) computations.

Study of techniques to predict future outcomes
from present knowledge, expectations and his
torical data.

Each of these listed technologies will play an Integral role in the completion

of this research. The first category (transportation pricing) will give the direct

background upon which this research will build. The other items wiU be grouped

under the category of contributing technologies and will allow this research to

extend the current state of the art. Figure 3 graphicciUy represents the interplay

among the various streams of thought contributing to this research. A discus

sion of these topics follows.

Information Engineering

Organize the data for
efficient storage and quick
retrieval.

Information Theoretic Statistics

Identify best statistical
forecasting model

Dynamic Forecasting

i

Dynamically analyze historical
data for cost driver levels

(market segment basis)

t
Activity Based Costing (ABC) Economic Value Added (EVA)

^ Establish a suggested price
Transportation Pricing

FIGURE 3 Interplay of Contributing Streams of Thought
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Dimensions of Pricing

As early as 1974, it was stated:

"More and more, today's pricing environment demands bet

ter, faster, and more frequent pricing decisions than ever
before. [This] is...forcing companies to taJce a new look at

pricing and its role in an increasingly complex marketing cli
mate."^

In 1977 this thought was reiterated when it was stated that "(ajbove all...an

ability to adapt to the new pricing environment will characterize those compa

nies that succeed in competing over the next decade."^ The importance of pricing

in a firm's marketing mix is even greater today than at the time these statements

were made. In part, this is because "[pjrice is the only marketing strategy vari

able that generates income. All the other variables in the marketing mix generate

costs—advertising, product development, sales promotion, distribution, [and]

packaging—all involve expenditures."^

This suggests that a meeins to make "better, faster, and more frequent pric

ing decisions"^ should be studied and pursued. The discussion which follows on

pricing theory provides a foundation upon which this pursuit may be estab

lished.

2. "Pricing Strategy in an Inflation Economy," Business Week, April 6, 1974, p. 43.
3. "Flexible Pricing, Industry's New Strategy to Hold Market Share Changes the

Rules for Economic Decision-Making," Business Week, December 12, 1977, p. 78.
4. Monroe, Kent B., Pricing: Making Profitable Decisions, McGraw-Hill Book Com

pany, New York, 1979, p. 6.

5. "Pricing..." p. 43.
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Pricing Theory

In order to understand past and current pricing models, one must under

stand the theoretical foundation of pricing. The following discussion reviews key

points from the pricing theory literature.

Definition

As mentioned in part I, price is defined as the economic value of a product

or a service, in other words, the maximum price that customers will pay, if these

customers are "'economic men and women,' that is, fully informed consumers

who completely and rationalfy analyze all purchase decisions...."® Such a defini

tion leads to a distinction between the terms "offer" sind "price," since it is possi

ble to make an offer that would never be accepted. For example, an offer of a

non-descript stick of chewing gum for $1,000,000 would not constitute a price of

$1,000,000 unless someone accepted the offer and purchased the chewing gum.

Thus, it must be assumed that an offer is not a price if it is not accepted, i.e.: if

it exceeds the value that consumers place on the product or service. This restric

tive definition of price being distinct from offer allows precision in thoughts,

communications, and in theory and system development by distinguishing

between the two.

Management should know its customers well enough that if a serious offer

is made, the offer constitutes a price. Ideally, this offer or price should be deter

mined by several components, including costs, demand/elasticity, customers,

value of service, and competition. A brief discussion of each of these follows.

6. Nagle, Thomas T. and Reed K. Holden, The Strategy and Tactics of Pricing: A
Guide to Profitable Decision Making, Prentice Hall, Englewood Cliffs, New Jersey, 1995,
p. 75.
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Costs

Cost estimation is an important component of pricing and must be closely

studied and understood. "A cost estimating system worth anything must reflect

accurately cind currently all changes in the company so that management may

price effectively in its markets, channel its sales effort for maximum profits,

enhance profitable facilities, discard unprofitable facilities, and plan for expan

sion. Management must know its costs while the events...are current, not 'after

the fact' when the events have become cincient history, A proper cost estimating

system must be able to predict in advance, within close limits, the ultimate costs

of running an order.

Many distinct categories of costs and cost concepts exist, and must be con

sidered when attempting to estimate costs. These include common costs, identi

fiable costs, variable costs, fixed costs, direct costs, indirect costs, short-run

cost, long-run costs, and allocation schemes. Each of these concepts play a dis

tinct role in price formulation. These concepts are defined below:

Common Cost: "Costs that cannot be identified with an individual ship

ment are called common, shared, or non-identifiable."®

Identifiable Cost: "Costs not classified as common costs are identifiable

costs."®

7. Tucker, Spencer A., Cost-Estimating and Pricing With Machine-Hour Rates. Pren
tice-Hall, Inc., Englewood Cliffs, N.J., 1962, p. 6.

8. Patten, E. P., Logistics/Trans. 402, Motor Carrier Costing and Profit Analysis.
University of Tennessee. KnoxvUle, Graphic Creations, Knoxville, TN, Fall, 1990, p. 11.

See also: Cavinato, Joseph L., Editor, Transportation-Logistics Dictionary, Third Edi
tion. International Thomson Transport Press, Washington, D. C., 1989, p. 54.

9. Patton, 1990, p. 11.
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Variable Cost: "The payments to variable factors of production. "Variable

costs...are those costs which are known to vary fairly directly with volume."^ ̂

These "are costs of doing business.

Fixed Cost: Payments to factors that do not change in the short-run. "In

general, fixed costs may be defined as those costs which do not vary with vol

ume, but rather are incurred with time. They are also known as stand-by costs

or period costs." These "are costs of being in business.

Direct Cost: "[T]hose which are the result of a direct contribution to the

manufacture of a product. For example: a setup is made, a bar is loaded, a piece

turned, a product inspected."^®

Indirect Cost: "[TJhose generated by activities which, although necessary

for the operation of a factory, are not a direct result of the manufacture of a

product. Such expenses are the sweeping of a floor, the issuance of a tool by the

tool crib attendant, the repairing of a machine, supervisory checking of dimen

sions on a print, and the like."^®

Short-run: "The short-run refers to that period of time in which the level of

usage of one or more of the inputs is fixed. Therefore, in the short-run, changes

in output must be accomplished exclusively by changes in the use of the variable

inputs."

10. Maurice, pp. 270-271.

11. Tucker, p. 3

12. Nagle and Holden, p. 19

13. Maurice and Smithson, pp. 270-271.

14. Nagle and Holden, p. 19.

15. Tucker, p. 6.

16. Tucker, p. 6.

17. Maurice and Smithson, p. 228.
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Long-run: "[Tjhe long-run is defined as that period of time (or planning

horizon) in which all inputs are variable."^® (In the long-run all costs become

variable).

Allocation Scheme: An allocation scheme is defined as the choice of how

and where to assign common and fixed costs. "In transportation accounting,

[this is] the apportionment of the expenditures and revenues to the respective

divisions of the organizations, such as maintensmce of way sind structure costs

being divided between freight and passenger service[,] since they are used by

both."^®

Once costs are estimated, they establish the pricing floor.^® Additionally, a

pursuit of profitability demands that prices cover total costs whenever possible.

One allocation scheme achieving increasing popularity is activity costing. "Activ

ity costing or activity-based costing is a cost allocation methodology that focuses

on improving how a firm allocates overhead, selling, and administrative costs.

This will be discussed in greater detail later (see "Activity Based Costing", p. 62)

since this research will attempt to take advantage of ABC methods.

In spite of the appeal of cost-based pricing systems, cost information is, by

its very nature, insufficient and can even be dangerous when used as the sole

basis of price setting. This, too, wiU be discussed in some deteiil later (see

"Appeal and Danger of Cost-Based Pricing", p. 46). Although costs constitute an

essential component of pricing, and there are some clear advantages to cost-

18. Maurice and Smithson, p. 228.
19. Cavlnato, 1989, p. 12.

20. This point is illustrated in figure 6, page 43; See: also footnote 22 on p. 42.
21. Campbell, Robert J., Competitive Cost-Based Pricing Systems for Modern Manu

facturing, Quorum Books, Westport, Connecticut. 1992, p. 6.
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based pricing, the other elements of pricing (demand/elasticity, customers,

value of service, and competition) must be considered as well.

Demand (Elasticity)

Two components of price that must be considered in addition to cost are

demand and elasticity. Demand can be viewed as a measurement of the volume

of sales that will occur over a range of prices. Elasticity measures how sensitive

demand is to price. A typical demand curve appeeirs as shown below in figure 4.

Introductory economics teaches that if demand could be measured pre

cisely, setting prices would be a simple matter of optimizing profits by setting

prices (or marginal revenue) equal to marginal costs. Unfortunately, demand is

difficult to measure. Further complicating the issue, demand changes over time.

Demand can change for a variety of reasons, such as changing customer prefer

ences, competitive forces, or economic conditions. Prices rarely can rely solely on

1

<f> \
(U \
CJ

u

Oh

Quantity

FIGURE 4 Demand Curve

Adapted from S. Charles Maurice and Charles W. Smlthson, Managerial Eco
nomics, Applied Microeconomics Jor Decision Making, Third Eldiiion. Richard
D. Irwln, Inc., Homewood, IL, 1988, p. 144.
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customer demand. Instead, as seen in figure 5, prices must balance both

the external forces of customer demsind and the internal forces of costs.

Accurate measurements of demand are difficult to calculate because of

incomplete information and competitive forces. Thus, the measurements of the

influences that demand should have on price are inexact at best. These mea

surements require an in-depth knowledge of the markets segments being served,

and a great desd of managerial expertise must be brought to bear.

Customers^ Competition^ and Value of Service

As previously mentioned, customers (in combination with product or ser

vice providers) ultimately determine the value of a product or service. Customers

will purchcise a product or service only if it is offered below their "point of indif

ference." Clearly, different customers will value the same product or service dis

tinctly. This forces business units to identify and target groups of customers

that place similar economic value on a given offering, i.e.: target markets. These

customers become the firm's greatest assets.

Move

INTERNAL

COST

POINT OF

BALANCE

I Move

EXTERNAL

DEMAND

FIGURE 5 Bcdancing Internal Costs and External Demand
Adapted from: Robert J. Campbell, Competitive Cost-Based Pricing Systems
for Modern Manufacturing. Quorum Books. Westport, Connecticut, 1992, p.
182,
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Customer satisfaction, customer retention and loyalty, and pleasing one's

customers all must be pursued vigorously. Establishing prices for a target mar

ket requires that mansigement understand the customers' perceptions of value.

Competitive forces constantly threaten to undermine efforts to maintain

and expand a customer base. If an offer for a product or service is considered

"exchangeable" with a competing offering, then the market will force the price of

both offerings to be priced similarly (assuming that excess capacity exists). Com

petition also influences price elasticity by sensitizing customers to price differ

ences, causing the demand curve (discussed above) to shift, thus changing

optimal prices. In this way, competitive offerings influence the "vcilue of service"

or the price that "the market will bear," which functions as the price ceiling, or

the highest price that a firm can rationally charge for an offering.

Charging the greatest amount that a customer will pay, or chairging what

"the market will bear" is often referred to as "value of service pricing." Usually,

costs are less than the value of service. If the value of service is less than costs,

(i.e.: costs are greater than what the market will bear) the offering should not be

extended. The region between these two numbers (costs and value of service)

forms a "zone of negotiation,"^^ and defmes the latitude given to management in

price formation. Figure 6 illustrates this in the motor carrier industry.

The setting of a price within the zone of negotiation needs to balance all the

components that have been discussed. Optimizing profits, balanced by corporate

strategy, demand, and customer considerations, should dictate the actual offer.

22. Variable costs define the lower hmit for reasonable prices if excess capacity
exists. Total costs define the lower limit for reasonable prices if excess capacity does not
exist. See figure 6, page 43.

23. Patton, 1994, p. 18.

42



Carrier at full capacity;
no excess capacity exists

Zone of

negotiation

VS VS

-STC-

SVC-

0-

-STC

SVC-'

0

Carrier at less than

full capacity; excess
capacity exists

Zone of

negotiation

FIGURE 6 The Zone of Negotiation
NOTE: VS is the value of the transportation service to the shipper

STC Is the total cost to the carrier to move the shipment.

SVC Is the variable cost to the carrier to move the shipment.

Adapted from: E. P. Patton. Logistics/Trans. 402, Motor Carrier Costing and
Profit Analysis, University of Tennessee, KnoxvUle, Graphic Creations, Knox-
vUle, TN, Fall, 1990, p, 63.

Pricing Strategies

Establishuig Price Strategies

Pricing decisions should be set with corporate strategy as the driving force.

Ultimately, a measure of the success of pricing decisions indicates the degree to

which corporate objectives are accomplished. Since rational pricing is subject to

managerial judgement {because of the latitude allowed by the zone of negotiation

and the imprecision in the measurements that define the zone of negotiation),

43



establishing corporate objectives should precede all other steps in the decision

process. The next sub-section discusses in detail some of the more common

pricing strategies and a model for developing a pricing strategy.

A primaty purpose of any pricing strategy is to bridge the gap between mar

keting and finance functions.^"^ An enormous number of different pricing strate

gies exist. Some of the more popular ones that have been developed include

penetration pricing, neutral pricing, skim pricing,^^ geographical pricing, pro

motional pricing, discriminatory pricing, product-mix pricing,^® cost-based pric

ing,^ ̂ value of service pricing,^® price-stability strategies, and new product

pricing strategies.^® A proper understanding of three of the more basic of these

strategies is needed in order to establish the theoretical basis of the DPDST

herein developed. These are cost-based pricing (generally a neutral pricing strat

egy), penetration (low end) pricing, and value of service (high end) pricing. These

strategies will be discussed in some detciil.

Cost-Based Pricing

Cost-based pricing strategies are popular and wide spread. They usually

take on one of the following two forms:

1. cost plus pricing—"the marketer simply determines the unit costs for
producing an item (variable cind fixed costs per unit) and adds a mar
gin to meet a profit objective,"®® or in other words, all costs are deter-

24. Nagle and Holden, p. 2.

25. Nagle and Holden, pp. 154-160.

26. Kotler, pp. 512-517.

27. Campbell, pp.2-7.

28. Locklin, pp. 159-160.

29. Assael, Henry, Marketing Principles & Strategy, The Dryden Press, Chicago, IL,
1990, pp. 539-547.

30. Assael, pp. 556-557.
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mined and allocated to each unit, then a fixed profit margin is added
to this cost to obtain the price.

2. target return pricing—"many firms set a target return on their invest
ment or on [theirl costs, and then price to achieve this target. Target
return pricing determines the price that will achieve a profit target at
a specified volume level. The target return assumes that a given
sales volume will be achieved, then the price is set that will give the
"target return" at that sales volume. This is different from cost-plus
pricing which prices to achieve a fixed return at all sales volumes.

Because of its simplicity, cost-based pricing is a very common pricing strat

egy. Some people feel that this is the fairest pricing system for both buyers and

sellers. "Sellers do not take advantage of buyers when the latter's demand

becomes acute; yet the sellers earn a fair return on their investment. Cost-

based pricing also minimizes price competition when all firms in one industry

use this pricing strategy, as prices tend to be similar.

There are other advantages of using cost-based pricing. One positive aspect

is that because measurement of company costs is so important, the measure

ment is often more accurate than in firms where other pricing strategies are

emphasized. Further, cost information is generally readily available not only for

costing, but for other management uses as well, creating a potential to improve

managerial decision making. In this context, property measured costs can

become "an effective competitive tool,"^^ and can lead to continuous improve

ment within a firm.^®

One example of how cost information can improve decision making is in

determining the best product mix (given the current constraints existing in the

31. Assael, p. 558.

32. Kotler, p. 505.

33. Kotler, p. 505.

34. Campbell, p. 253.

35. Mundy, et. al., 1994, p. 9-10.
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firm). This determination can then assist communication between marketing

and production so that marketing does not pursue "a mix of product orders that

severely hampers the profitability of the firm."®® Also, cost information can help

marketing and production coordinate "what the firm is capable of selling with

what it can produce,...[by] identifying the major bottlenecks [and] working

together to identify and then push the most profitable volume through that bot

tleneck, while at the same time planning for future expansion in critical

areas.

Other areas where cost information can be used to benefit a firm include

identifying how best to use scsirce or limited resources, in deciding how to relieve

critical constraints, and in discovering areas for cost reduction.®® The accom

plishment of these objectives requires the correct identification of product or ser

vice winners and losers. This identification is determined, in part, by the choice

of an allocation scheme. In particular, "[tjhe allocation of costs to products is

needed to determine whether current selling prices are adequate. The knowledge

of what products are winners and losers and how best to use scarce resources

should not be lost in the process of cost allocation."®® As alluded to above, cost-

based pricing can facilitate these identifications.

Appeal and Danger of Cost-Based Pricing

In spite of the advantages associated with cost-based pricing, there are sig

nificant dangers to consider before and while implementing such a strategy.

Since costs are measurements of internal activities, sind Eire thus more easily

36. Campbell, p. 253.

37. Campbell, p. 253.

38. Campbell, p. 161.

39. Campbell, p. 253.
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evaluated than external msirket reactions, the influence of costs in pricing can

be overemphasized easily.

Basing prices on costs alone can be dangerous, and in extreme cases, even

devastating.'^® In particular, one of the major pitfalls is that cost-based pricing

systems cire generally inflexible and do not allow for price influences on sales

volume, nor influences of sales volume on costs, and therefore on price. This

inflexibility generally does not allow for managerial judgement in pricing, nor

does it allow pricing to vary according to marketing strategy.

An example of the danger associated with cost-based pricing can be seen in

the case of Wang Laboratory. Wang, a leading producer of word processors in the

late 1970's, utilized a "cost-plus" pricing scheme, wherein overhead and vsiriable

costs were allocated to each unit sold, and the cost was increased by a set

amount to arrive at a price. When the company's growth slowed and sales

decreased in the mid-1980's, unit sales predictions had to be reduced. Instead of

lowering prices in an attempt to increase sales, fixed costs were simply reallo

cated over a smaller number of units, actucilly increasing the per unit price.

Understandably, sales decreased further. Wang again recalculated unit costs

and raised prices to cover its overhead, leading to further reduced sales, and so

on. Eventually, even loyal Wang customers switched to cheaper alternatives.^^

As demonstrated in the Wang example, the traditional difficulty associated

with cost-based pricing schemes is that of allocating indirect costs."^^ This diffi

culty arises both from the assumption that volume levels are constant, and from

the neglect of the interplay among the various components of price (demand.

40. Monroe, pp. 12-14, 272-273, 276.

41. Nagle and Holden, p. 3.
42. Locklin, p. 164.
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sales volume, market pressures, etc.) Thus, prices based on costs in isolation,

without considering other pricing components can result in sub-optimal profits

or even economic losses. Generalty, a change in price will lead to a change in

sales volume, invcilidating the intended meaning of the cost-plus pricing strat

egy. A price increase may reduce sales, causing unit costs to rise. This could

result in a decrease in profits rather than the hoped for increase. However, a

price cut may result in an increase in sales, yielding greater economies of scale

and decreasing per-unit costs, with resulting increased profits. Thus, "pricing

affects sales volume, £ind...[sales] volume affects costs.

Often, this allocation problem becomes quite subtle, involving the allocation

of identifiable costs as well as indirect costs. This can occur from an over-reli

ance on a combination of traditioneil accounting systems cind the use of cost-

based pricing. For example, a customer recently went to a local Knoxville, TN

computer store to purchase a hard disk drive. He reported observing two hard

disks for sale. The smaller capacity disk was offered at twenty dollars more than

the higher capacity disk. When questioned about this, a salesman stated that

the store had purchased the smaller disk drive some time before the larger one,

and at a higher cost (to the computer store) than the lEirger one. Therefore, in

order to recover their [directly identifiable] costs, they were offering the smaller

capacity disk drive at a higher price. Although the customer had intended to

purchase the smaller capacity hard disk drive (and would have, if the store's

offers had reflected the current market value), he chose to save money and pur

chase the larger capacity disk drive!^"* This example demonstrates that costs

43. Nagle and Holden, p. 3.

44. As reported by Ray Wolfe to the author on July 2, 1995; episode occurred at
CRS of Knoxville, TN during the preceding week.
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must be reported as identifiable according to management's decision making

needs, not traditional accounting methods. Whether dealing with allocations of

"indirect" or direct costs, relying strictly on cost information (especially faulty

cost information) to set prices is unwise.

As Locklin said in the early 1900's regarding pricing in the transportation

industry: "The fundamental fallacy in any [allocation scheme] that do[es] not

vary with the volume of traffic lies in the fact that the cost depends upon the vol

ume of traffic, and the volume of traffic depends upon the rate charged.... The

advocates of cost [-based pricing] argue that their method is the only 'scientific'

way of making rates, but nothing could be more unscientific than an attempt to

base rates on cost in disregard of the conditions of demand."'^® This issue has

been a subject of concern for over a century, and continues to stimulate

research.'^®

In spite of this, cost-based pricing is not without merit, and is a widely used

strategy."*^ This is due, in part, to the fact that no matter what the pricing strat-

egy, all costs must eventually be covered. For most businesses, the easiest way

to assure this is to base price on cost. Business can be run profitably, within

45. Locklin, p. 164-165.

46. See for example: Acworth, W. M., "The Theory of Railway Rates," Economic
Journal, pp. 317, 323, 1897; Hadley, A. T., "American Railroad Statistics," American Sta
tistical Association Publications (new series), pp. 241, 249, 1889; as cited in Locklin
p. 164.

See also: Schneider, Arnold, "Simultaneous Determination of Cost Allocations and
Cost-Plus Prices for Joint Prices," Journal of Business Finance & Accounting, Vol. 13,
Issue 2, Summer, 1986, pp. 187-195.

See also: Schneider, Arnold, "Pricing and Indirect Cost Allocation," Accounting &
Finance, Vol. 27, Issue 1, May, 1987, pp. 49-55.

See also: Nagle and Holden, p. 3ff.
47. Kotler, p. 505.
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limits, using this strategy. However, there are clearly times when other strategies

would be more advantageous.

Penetration Pricing

New product or service offerings often will need to establish market pres

ence. Frequently, this is done through aggressive pricing practices. Pricing

aggressively to establish market presence is known as penetration pricing. "For

nondurable goods with frequent repeat purchases, the optimal price path would

be an introductory low price (penetration) followed by monotonically increasing

price.""^®

In this situation, a fully allocated cost will not suggest the appropriate

price. Sometimes, a penetration price will barely cover variable costs. While this

is an excellent strategy for developing a new market, care must be taken with

this strategy as it may be difficult to raise prices to profitable levels once a cus

tomer base is established.'^®

Value of Service Pricing

Mature products and service offerings that do not suffer from competitive

threats will often charge what the market will beair. This pricing strategy is

known as value of service pricing. Sometimes this equates to a managerial pric

ing strategy to sell to price-insensitive customers in spite of price reduction

influences on volume and profits. However, even when this pricing strategy

jdelds optimal profits, it can be risky, since it frequently attracts competitors. It

is difficult to build much customer loyalty with this pricing strategy, so when

48. Devinney, Timothy M., Issues in Pricing: Theory and Research, Lexington
Books, D. C. Heath and Company, Lexington, Massachusetts, 1988, p. 372.

49. Kotler, pp. 514-515.
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competition develops, this pricing strategy must be modified if a firm intends to

maintain its market presence.

Developing Effective Pricing

Certain steps should be taken prior to choosing a particular pricing strat

egy or policy. These steps can be graphically seen in figure 7, which describes

the interrelationships among the several aspects of a successful pricing policy.

In particular, the components mentioned above (costs, demand/elasticity, cus

tomers, and competition) should influence pricing strategies. These should then

be translated into specific and measurable goals. These goals must in turn be

tactically implemented. The end result of this is a successful pricing policy.

Costs Demand Competition

Strategic objectives

Measurable Goals

Tactics

Price or price policy

FIGURE 7 Developing an Effective Pricing Strategy
Adapted from Thomas T. Nagle eind Reed K. Holden, The Strategy and Tac
tics of Pricing: A Guide to Profitable Decision Making. Prentice Hall, Engle-
wood Cliffs, New Jersey, 1995, p. 10,

50. Assael, p, 315.
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Once corporate objectives and target markets are identified, costs are mea

sured, and competitive influences are considered, prices can be set. Variable

costs wiU define a pricing floor. Competitive forces and customer demand will

define the pricing ceiling. Corporate strategy wiU help to identify the actual offer,

for excimple, if the offer should barely cover variable costs in order to gain mar

ket share or if the offer should be closer to "what the market will bear" in order

to reap maximal profits in the short term. Furthermore, as Henry Assael

observes, companies should "evaluate [their own] prices by assessing the

responses of customers and companies to the price levels they set."®^

51. Assael, p. 576.
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Pricing in the XL Industry

The XL industry has chainged dramatically since 1980. Economic and com

petitive pressures since deregulation have increased the importance of manage

ment expertise in price setting.

Deregulation

As mentioned in the beginning of the section titled "Dimensions of Pricing",

the importance of effective pricing applies particularly to today's XL industry.

Beginning with the Motor Carrier Act of 1980 (MCA), pricing decision making in

the XL industry has chsinged from regulated joint rate making strategies to indi

vidual market driven decisions. Adding to the market dynamics introduced in

1980, President Bill Clinton signed the Trucking Industry Regulatory Reform Act

of 1994 (XIRRA) on 26 August 1994. Except for the transportation of household

goods, passengers, or service to non-contiguous states or territories, XIRRA elim

inates the tariff filing requirement for motor common carriers using an individu

ally determined rate, classification, rule or practice.®^ The combined effect of the

MCA and XIRRA allows greater pricing freedom than ever before.®^

52. Calderwood, James A., "Shipper Beware," Transportation & Distribution,
Vol. 35. Issue 11, Nov., 1994, p. 83.

53. Bohman, Ray, "New Rules for Doing Business," Traffic Management, Vol. 33,
Issue 12, Dec., 1994, p. 27.
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Economic Pressures

The license to create prices with few governmental restrictions has the

potential to introduce a destructively competitive situation. Economic theory

states that when excess capacity exists, ruinous competition can emerge. The

consolidation that has occurred in the TLMC industry since 1980 can be consid

ered a sign of such competition and its results. Further consolidation in the TL

industry is predicted to continue throughout the rest of this decade.®'^

In trying to deal with this threat of ruinous competition, several operating

challenges have manifested themselves in the TLMC industry since 1980, some

of them relating directly to pricing problems. For example, shippers are increas

ingly relying on long term contracts. Pricing decisions for long term, dedicated

services are different from those for spot markets since the risk associated with

a single spot market pricing decision is much smaller than the risk associated

with a dedicated service pricing decision. The result is that profitable pricing is

becoming more complicated, demanding greater attention.

Another challenge faced by management in trying to set prices comes as a

result of a decrease in operating costs (per ton mile), since deregulation. While

classically motor carrier transportation services do not experience economies of

scale,®® longer haul shipments and an increase in loads per vehicle do result in

lower costs per ton mile. Larger firms appear to have a distinct advantage in

54. "Truckload Will See a Shake-Out", Transportation & Distribution, Vol. 35,
Issue 2, Feb., 1994, p. 14.

See also: Duncan, pp. 37-43.

55. Crum, Michael R. and Benjamin J. Allen, "Shipper EDl, Carrier Reduction,
and Contracting Strategies: Impacts on the Motor Carrier Industry," Transportation Jour
nal, Vol. 29, Issue 4, Summer, 1990, pp. 18-32.

56. Allen, W. Bruce and Dong Liu, "Service Quality and Motor Carrier Costs: An
Empirical Analysis," Proceedings, Thirty-Fifth annual meeting, Transportation Research
Forum (TRF), Louis A. Le Blanc (editor). New York, NY, October 14-16, 1993, p. 25.
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attracting this traffic. Thus industry averages are not appropriate for individual

firm costing. Also, the use of corporate averaged ton-miles for cost allocation

purposes should not be held constant, but rather should be constantly updated

to maintain non-biased cost measurements.®^ These cind other chedlenges have

been increasing as the effects of deregulation become more evident, and empha

size the need for a DPDST.

Recently the TL industry has been given a respite from the problems of

excess capacity and the risk of ruinous competition as a state of capacity short

age hcis emerged. In 1993, demand for TL service rose due to a growing economy.

TL carriers continued to win new business, particularly in the long haul mar

ket.®® Further helping carriers, msinufacturers and distributors have begun

sending out larger shipments.®® The economic rebound is driving carrier negoti

ating strength ctnd increased carrier profits.®®

The situation of system capacity constraints is not expected to continue.

Some of the reason for the capacity shortage in the industry has to do with a

growing economy as well as seasonally increased demand (TL equipment short

ages seem to increase with the Fall shipping season). Another reason is the lack

of qualified drivers, which tends to damage a firm.®^ For example, J. B. Hunt

Transport Services Inc. has had to park as many as 100 of its 4,150 trucks at a

time due to driver shortages.®^ The shortage of truck drivers is related to low

57. Xu. Kefeng: Robert Windle; Curtis Grimm and Thomas Corsi, "Re-E^valuating
Returns to Scale in Transport," Journal of Transport Economics & Policy, Vol. 28, Issue 3,
Sept., 1994, pp. 275-286.

58. Hoffman, Kurt, "Still In It For the Long Haul," Distribution, Vol. 93, Issue 7,
July, 1994, pp. 22-25.

59. Arendes, Michael J., "Traffic & Revenues Rebound," Fleet Owner, Vol. 89,
Issue 1, Jan., 1994, pp. 30-31.

60. "Operating Revenues, Freight Rates Increase," Fleet Owner, Vol. 89, Issue 10,
Oct., 1994, pp. 266-267.

61. "TL Shortage Getting Shorter," Distribution, Vol. 93, Issue 11, Oct., 1994, p. 16.
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driver pay. onerous lifestyle demands, and lack of respect. Typically, a driver will

operate 100,000 miles a year, travel away from home for days or weeks at a

stretch and will earn $25,000 to $30,000 annually. Many carriers feel that driv

ers need to be guaranteed $40,000 to $50,000 annually to correct the current

driver shortage.®® This fact is currently driving price increases.®"^ However, the

ATA recently predicted that rates are not likely to climb rapidly in the neair

future.®® This means that any increase in driver salaries is likely to decreased

msirgin profitability rather than increase it.

Proactive managers of TL firms should use the present upswing in the

economy to develop the tools and abilities to combat the threat of excess compe

tition. Clearly, the ability to create pricing decisions profitably and competitively

should receive a large part of this attention.

Profitable Pricing in the TL Industry

As already demonstrated, establishing profitable prices in the TL industry

is an area that merits greater attention and emphasis.

Need for more Efficient Pricing

Price setting in the TL industry can be time consuming due to the many

components that must be considered. Detailed cost information must be gath-

62. Harris, John, "J. B. Hunt Transport: Rough Road," Forbes, Vol. 146, Issue 12,
Nov. 26, 1990, pp. 206-211. Worth mentioning is the fact that J. B. Hunt has taken sev
eral successful steps to combat this problem.

63. Duncan, Thomas W., "Can Trucking Pay What Drivers Want?" Fleet Owner,
Vol. 89, Issue 5, May, 1994, p. 6.

64. Moskal, Brian S., "What Driver Shortage?" Industry Week, Volume 243,
Issue 21, Nov. 21, 1994, pp. 17-18.

65. Bradley, Peter, "Carriers Feel the Squeeze," Purchasing, Vol. 116, Issue 4,
Mar. 17, 1994, pp. 37-43.
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ered, competitive influences must be understood, demand must be measured,

and markets with the greatest potential for improved profitability must be identi

fied. Too often, the time required by these analyses forces prices to be set with

incomplete information or the decision making process is delayed to the point

that the analyses are no longer relevant. A need exists to carry out these analy

ses with greater accuracy and with greater speed. The development of a DPDST

for the TL industry addresses this need.

DPDST for the TL Industry

As mentioned previously, the intelligent use of managerial judgement is

complicated by the constant interplay among business volumes, prices and

business activities. Figure 8 illustrates this interplay. A DPDST should assist in

harmonizing these competing forces while simultaneously bringing increased

speed to price setting in the TL industry.

Nagle and Holden suggest that the use of dynamically collected cind ana

lyzed data may offer a solution to these difficulties. In this regard, Nagle cuid

Holden divide pricing strategy creation into three stages; first-data collection,

second-strategic analysis of the data, and third-strategy formulation, as pre

sented in flgure 9.

ACTIVITIES
ABC costs

PRICING

VOLUME

FIGURE 8 Relationship Among Activities, Pricing, and Volume
Adapted from Robert J. Campbell, Competitive Cost-Based Pricing Systems
for Modern Manufacturing, Quorum Books. 'Wfestport. Connecticut, 1992,
p, 169,

57



Data

Collection

Strategic

Analysis

Strategy

Formulation

Cost Customer Competitor

Measurement Identification Identification

1r r 1r

Financial Segment Competitive
Analysis

P
Analysis Analysis

1 r

Final Strategy

FIGURE 9 Steps to More Profitable Pricing
Adapted from Thomas T. Nagle and Reed K. Holden, The Strategy and Tac
tics of Pricing: A Guide to Profitable Decision Making. Prentice Hall, Engle-
wood Cliffs, New Jersey, 1995, p. 142

Another issue in price formulation wets raised by Campbell when he sug

gested that costing measurements utilized in price setting should be supple

mented with a study of variances of costs.®® Such a study would facilitate

sensitivity analyses which should greatly assist management in the decision

making process.

The DPDST being developed in this research is consistent with Nagle and

Holden's model of strategy development. By automating and improving the first

two steps, the last step is greatly facilitated. The system, through the use of

information theoretic statistics (ITS), wiU dynamically analyze automatically col-

66. Campbell, pp, 6-9, 89-117.
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lected data to identify customers and market segments and will measure costs

using activity based costing (ABC) concepts.®^ Further, the DPDST will allow the

sensitivity analyses proposed by Campbell. All of this will be done in real-time,

allowing a rapidity of response seldom available in the TL industry.

Recall that the DPDST is not intended to replace managerial judgement.

Instead, it is intended to enhance management's decision-making abilities. This

is consistent with Tersine when he stated that "[mjathematical techniques are

only £dds to management decision msiking. They csmnot replace the judgement

and intellect of the manager, who must modify and improvise to deal with the

unexpected."®®

The ability to harmonize and operationaJize dynamically differing and

sometimes competing pricing philosophies of various experts offers many advan

tages to management. In addition to enhancing pricing decisions, such "harmo

nizing" also allows marketing efforts to be focused in new and creative ways to

enhsmce profitability. Mundy's adaptation of the Boston Consulting Group

model, as discussed below, provides an example of this.

Focusing Marketing Efforts

A primary objective of TL motor carriers should be to identify freight that is

profitable and freight that is not profitable (or profitable versus unprofitable

market segments or customers). Mundy suggested over a decade ago that the

familiar diagram attributed to the Boston Consulting Group, as seen below in

figure 10, could aid meinagement in solving this problem by assisting with price

67. ABC and ITS wiU be discussed later in part III, on page 62 and page 74,
respectively.

68. Tersine, Richard J., Materials Management and Inventory Systems, American
Elsevier Publishing Company, Inc., New York, NY, 1976, p. xii.
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High

Stars Problem Children

Marginal Contribution
of Traffic

Cash Cows Dogs

Low

Balance of Traffic

FIGURE 10 Transportation Industry Segmented Markets
Source; Ray A. Mundy, "Managing eind Evaluating Carrier Pricing," Logistics
Resource Forum. #3, Published by Logistics Resources. Inc.. Cleveland. OH.
September. 1983. p. 127.

setting and by focusing marketing efforts. The diagram helps to distinguish

among customers and market segments for price setting purposes.

Mundy suggests that this model should be used to assist in the evaluation

of geographic market segments by their degree of balance of traffic. In particular,

"stars" are the most profitable market segments, enjo5dng a high degree of bal

ance and a high contribution to margin, "dogs" are market segments that should

be immediately renegotiated or eliminated, "cash cows" are market segments

with a high balsince of traffic but a low contribution to margin, and "problem

children" are market segments with a potential for margin contribution but that

exhibit a low balance of traffic. Marketing efforts should be focused most profit

ably on "problem children."®®

In spite of the model's appeal, these ideas have proven difficult to imple

ment due to the difficulty in identifying geographic markets designated as a

"problem child." Clearly, a DPDST that could classify market segments accord-

69. Mundy, p. 128.
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ing to this or some competing model could aid both strategic and tactical mar

keting efforts.
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Contributing Technologies

As mentioned earlier in part II, several technical areas will provide the nec

essary tools in order to develop the DPDST as described. Several of these, along

with their major contributions to the research will be discussed in the following

sub-sections.

Activity Based Costing

Activity based costing (ABC) was introduced by Robert S. Kaplan into the

manufacturing industry over a decade ago.^° It is "a cost allocation methodology

that focuses on improving how a firm allocates overhead, selling, and adminis

trative costs. The question of how to allocate such costs affects profitability.

The decision of how these costs are allocated will affect the reported profitability

of the company's traffic as well as the prices that must be charged to make a

profit, and will influence the overzdl competitiveness of the carrier's services.

"Unfortunately, in too many cases, product prices are established based on

fiawed or misleading product cost data provided by the firm's accounting func

tion. Misconceptions about product costs can result in the wrong products being

promoted, price discounts being offered on products that are actually losing

70. See: Richard Troxel and Milan Weber, "The Evolution of Activity-Based Cost
ing," Journal of Cost Management, 4, no. I, Spring, 1991, pp. 14-22. As cited in Camp
bell, p. 76.

71. Campbell, p. 6.

72. Temple, et. al., p. 83.
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money, and market share being lost by maintaining inappropriately high prices

(and margins) on other products. The firm may know its total cost structure, but

methods and procedures used to trace costs to products or identify supposed

cause-and-effect relationships between costs cind products may utterly fail to

represent the true cost of supporting the existence, mcuiufacture, and distribu

tion of individual products.

ABC takes overhead (and similar) costs and allocates these costs on the

basis of how they are generated. For example, costs associated with non-revenue

generating miles in a TL firm might be allocated on a per transaction basis

(where each transaction would be allocated an equal amount of the costs associ

ated with total, annual non-revenue miles incurred by the TL firm). ABC would

suggest that the costs could be more precisely and "fairly" allocated based on the

actual number of non-revenue generating miles associated with a particular geo

graphic market segment. ABC, therefore, "meikes a significant contribution

towards the understanding of resource consumption" by allocating overhead (or

common or fixed costs) on causes or motivations that drive such costs. By

using ABC, "[mlanagement can obtain a better allocation of indirect costs, and

thus a better understanding of profitability."^®

It will be noted that in the above example, non-revenue generating miles

served as a basis for cost measurement. In general, ABC identifies cost drivers

and measures costs based upon cost-driver levels.^® For example, non-revenue

generating miles, revenue generating miles, non-revenue generating time, reve

nue generating time, fuel prices, fuel tax rates, etc. could aU be considered cost

73. Campbell, p. 1.

74. Campbell, p. 7.

75. Raue, p. 19.

76. Mundy, et. al., 1994, p. 9-10.
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drivers/^ The cost measurement of a transaction is based upon the "resource

consumption" associated with each cost driver. For instance as linehaul distance

of a shipment increases or decreases, the costs associated with the revenue gen

erating miles of the shipment increase or decrease proportionately.

The proponents of ABC claim that it possesses the advantage of assigning

common costs more fairly and with greater detail than traditional accounting

methods. Besides allowing prices to be set more appropriately than would other

wise be possible, ABC makes the identification of unprofitable offerings versus

profitable offerings much less complicated. "The allocation of costs to products is

needed to determine whether current selling prices are adequate. The knowledge

of what products are winners and losers £ind how best to use scarce resources

should not be lost in the process of cost allocation."^®

Because of its ability to effectively allocate costs, ABC has particular rele-

Vcince in the transportation industry where cost drivers have frequent fluctua

tions. The use of ABC in the TL industry has received attention recently, but few

carriers utilize costing systems that implement ABC principles.^® This creates

an opportunity for companies to gain competitive advantage by using these cost

ing methods. For exsimple, these methods could facilitate the identification of

geographic market segments that need specicd attention ("problem children" as

discussed on page 60).

In adapting ABC techniques to trucking, three msiin categories of cost driv

ers have been identified: mileage-based, time-based, and transaction-based.®®

The mileage-based cost drivers can be further refined to revenue generating

77. Raue, p. 19.

78. Campbell, p. 253.

79. Raue, p. 18.

80. Raue, p. 19.
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mile-based cost drivers and non-revenue generating mile-based cost drivers.

Similarly, time-based cost drivers can be further refined to revenue generating

time-based cost drivers and non-revenue generating time-based cost drivers.

If a TL firm were to implement these measurements, they would need to

measure revenue generating miles and time for each transaction as well as non-

revenue generating miles and time for each transaction. (This would require that

data be collected appropriately for this objective.) This degree of attention to

detail should be contrasted with the more traditional mindset where debates

exist as to whether costs should be allocated on a per shipment basis or a per

ton-mile basis.®^

Perhaps the most difficult part of implementing ABC in the TL industry

involves measuring non-revenue generating activity levels. Some empty (non-

revenue generating) miles can be considered assignable. The types of empty

miles that can be easily considered assignable are:

•  "Movements into or out of areas that are chronically unbalanced because they
have a heavy inbound or outbound freight flow

•  Positioning dispatches that connect a TL delivery with its next pickup

•  Intraterritory empty dispatches that may reflect day-of-the-week traffic shifts
and flows, and other interterritory imbalances

•  Interterritory empty dispatches that reflect the imbalances between territo
ries."®^

However, other non-revenue generating miles demand management policy

decisions regarding allocation. This is due to the many ways of measuring these

activities. For example, should the non-revenue generating miles associated with

a transaction be defined as the number of miles from delivery to the next pick-

81. Gagne, Robert J., "On the Relevant Elasticity Estimates for Cost Structure
Analyses of the Trucking Industry," Review of Economics and Statistics, Vol. 72, Issue 1,
Feb., 1990, pp. 160-164.

82. Temple, et al., p. 89.
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up. or as the number of miles from the previous delivery to pick-up, or some

other scheme?

This concept has received attention for years. Some of the Important Issues

regcirdlng empty (non-revenue generating) miles are:

•  "What caused the empties?

•  Who should bear the cost of the empties?

•  How should carriers deal with empties?"®®

Classically, empty miles, or non-revenue generating miles, have been allo

cated using four different approaches:

•  "Post-deadhead—In this approach all empty miles incurred after the load has
been delivered are assigned to the original loaded headhaul.

•  Pre-deadhead—This approach assigns to the load all empty miles incurred
prior to pickup.

•  Combination—Fifty percent of the post- and pre-deadhead miles are assigned
to the load, as a combination factor.

•  System Overhead Cost—^The cost of running empty miles is treated as an
overhead or system expense. Empty mile costs are assigned on the basis of a
fixed charge per load per mile. The costs involved with running empty miles
are absorbed equally by all users of the service."®^

One of the contributions that ABC can bring to this assignment of costs

associated with non-revenue generating miles or time Is Its use of disaggregated,

automatically collected, historical data to measure these costs based on a given

geographic market segment. Figure 11 Illustrates how non-revenue generating

miles could be calculated using ABC methods for a given geographic market seg

ment.

83. Temple, et al., p. 87.

84. Ernst & Whinney, pp. 88-89.
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Situation: The carrier's cost of operating a linehaul trailer, either loaded

or empty, is $1.00 per mile. No system empties have been incurred and the

carrier has 15 loads moving 500 miles from B to A (the headhaul) with only 10

loads returning to B (the backhaul).

15 loads

B  500 miles A

10 loads

5 emptied

FIGURE 11 Non-Revenue Activity
Adapted from Temple. Barker, & Sloane. Inc., Creating Prqfltabtllty: The
Sales and Marketing Challenge, Sales eind Marketing Council. American
Trucking Association. Inc.. 1985. p. 94.

In the above situation, the B to A market incurs costs of returning empty

one third of the times. ABC might suggest that the cost of operating from B to A

costs more ($1.33 per mile) than operating from A to B ($1.00 per mile). The

actual assignment would depend on how management chose to define the activ

ity. For example, one definition of an activity could be operating a linehaul trailer

from an origin to the next origin. However, it could also be defined as operating a

linehaul trailer from origin to destination. This example emphasizes that

although even ABC methods use somewhat arbitrary (although logical) allocation

schemes, they are still much more refined than traditional costing methods.
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Costing Systems

The implementation of ABC techniques allows some latitude. For example,

cost measurements can be automated or they can be calculated by hand.

Table 1 lists some of the classical costing systems along with some of their

inherent advantages and disadvantages.

The costing system that this dissertation proposes to embed in the DPDST

would be a hybrid of several of the classical systems, borrowing from the

strengths of several of them. In particular, the system will be a stand-alone sys

tem but will include simple links to on-line data so that the listed disadvantages

do not apply to the degree that they normally would. Although the system being

developed will not be a true integrated system, it will share more of the

attributes normally associated with such systems than with traditional stand

alone systems. The system also will be an automated system. However, it should

include much of the flexibility normally associated with msmual systems. Again,

the objective is to bridge the two classical systems and to include the most desir

able attributes from both automated and manual costing systems. Finalty, the

DPDST will be packaged but will include the flexibility to be customized to the

carrier's individual operations so that it behaves more like a customized costing

system than a traditional packaged costing system.
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TABLE 1 The Advantages and Disadvantages of Alternate Costing
Systems®

Veriotis Systems Advantages IMsadvantages

Stand-alone • Inexpensive to develop • May not agree with other sys

• Easy and fast to install tems

• Very flexible in ability to emalyze
• Requires data entry or link

particular pieces of traffic age programs

• May not facihtate looking at
all trjiffic

• Basically forces reactive
management

Integrated • Agrees with other systems • Expensive to design, pro

• Able to see all traffic at once gram, and install

• Facilitates action-oriented man
• Likely to cause changes in

agement other supporting systems

• Able to pinpoint problem areas
• Requires significant suppxrrt

• Minimizes data reentry

Manual • Inexpensive to develop • Slow and error prone

• Can be very flexible • Able to do only one segment
of traffic at a time

• Difficult to track history

• High unit cost per analysis

Automated • Fast turnaround • Requires hardware and soft

• Accurate (error free) ware

• Permits development of consis
• Must have technical and user

tent history support

• Lower unit cost jrer £malysis
• Requires accurate file main

tenance

• Higher up-front costs

Packaged • Inexpensive to buy • May not reflect carrier's oper

• Eeisy to install ations

• GeneraJly doesn't require in-
• May not reflect carrier's costs

house support

Customized • Reflects carrier's of)erations. • Expensive to develop or cus
practices, and philosophies tomize

• Uses carrier's costs and pro • Time consuming to install
ductivity levels

a) Adapted from: Temple, et al., p. 29.
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Economic Value Added

The term economic value added (EVA) was coined by G. Bennett Stewart

and Joel M. Stern as a management concept to help businesses improve profit

ability.®® However, its views embody ideas, as mentioned in part I, dating back to

the mid-1800's with Marshall and his contemporaries, who considered profits to

be the return on investment to stockholders. Defining profits in this manner

requires that measurements of profitability use cost calculations that contain all

direct and indirect costs, including capital costs and taxes, and that capital

costs include a required return to investors.®® This inclusion of capital costs in

profitability analysis aids management in project evaluation. This is important

since a firm that does not esirn profits in excess of investor's required return will

lose the ability to tap capital markets.

EVA has been found useful in addressing many distinct problems in addi

tion to project evaluation. For example, Quaker Oats has recently instituted

strategic changes based upon EVA calculations. This has led to rescheduled pro

duction to require fewer warehouses with resulting decreased capital costs and

increased profitability.®^ Additionally, EVA is gaining popularity as a means of

calculating executive performance, as performance-based executive compensa

tion packages become increasingly more common.®®

The use of EVA by firms to secure an adequate return for investors has

received a great deal of attention due to the apparent cause and effect between

85. Rutledge, p. 148

86. Marshall, pp. 61 -62. Note that this contrasts with generally accepted account
ing principles which deduct only the interest on debt from profits, not the cost of equity
capital.

See also: Rutledge, p. 148.

87. TuUy, p. 48.
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its use and the dramatic increase in stock prices of corporations that have

implemented this technology.®® This increase in stock prices is naturally

explained as seen in the following example of CSX.

In 1988 CSX found that its new intermodal business venture was losing 70

million dollars when EVA calculations, rather than previous measures of profit

ability, were considered. The venture was given five years to cover its capital

costs or the business unit would be sold. By 1992, CSX's intermodal division's

EVA was 10 million dollars and was increasing rapidly. This contributed to

CSX's stock price rising from $28 when EVA was introduced at CSX to $75 in

1993.®°

The use of EVA is a form of self-fulfilling prophecy with regards to profit

ability. If a business unit or market does not cover a fuUy allocated cost (includ

ing capital costs), the business unit should be sold or abandoned. Over time,

this practice will have the effect of removing all "unprofitable" business offerings.

All existing business units and projects should be evaluated on this basis. The

abandonment of all business units and projects that do not provide an adequate

return suggests that the remaining business units should cover investors'

required return. This should influence stock prices positively. Practice shows

that this is in fact the case.®^

88. Tulfy, p. 50.

See Also: Stewart, G Bennett III, "Reform Your Governance From Within," Directors
and Boards, Spring, 1993, pp. 48-54.

See also: Stem, Joel M., "One Way to Build Value in Your Firm, a'la Executive Com
pensation,' Financial Executive, November/December, 1990, pp. 51-54.

See also: Willigan, Geraldine E., "The Value-Adding CFO: an Interview with Dis
ney's Gary Wilson," Harvard Business Review, Januaiy-February, 1990, pp. 85-93.

89. Tulfy, pp. 38-41.

90. TuUy, p. 39-40.

91. Tulfy, pp. 40-44.
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The pricing suggestion method proposed by this research will extend the

common use of EVA from the strategic to the tactical arena by dynamically cal

culating fully allocated transaction costs. The inclusion of capital costs and

taxes in measurements at the transaction level allows costs to provide a sug

gested minimal transaction price. The inclusion of this philosophy and technol

ogy will provide the pricing system with necessary profit structures. EVA will be

utilized and wiU be instrumental in both the theoretical model and the software

prototype that will be developed.

Information Engineering

In order to incorporate the above mentioned technologies and theories

(ABC, costing, and EVA) into an accurate and useful decision-support tool, up-

to-date, accurate data is required. This is best accomplished, as suggested by

Hammer and Champy, through the use of information engineering methodolo

gies.®^ These methodologies balance high system performance with flexibility in

the management of the vast amounts of data frequently collected®^ and are criti

cal to the success of a djmamic decision-support tool.

A dynamic decision-support tool requires pertinent data to be identified,

collected, and organized properly. The organization of the data must be such

that as a business transaction occurs, the data from the transaction is fed auto

matically into the decision-support tool. Finally, the database design for this

92. Hammer, Michael and James Champy, Reengineering the Corporation, A Mani
festo for Business Revolution, Harper Business, New York, 1993, pp. 95-96.

93. Flaatten, Per O., Donald J. McCubbrey, P. Declan O'Riordan, and Keith Bur
gess, Foundations of Business Systems, The Dryden Press, Chicago, 1989, p. 337.
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automatically collected data must be flexible so that changes can be made easily

to the information system as requirements and needs evolve.

Methodologies that efficiently collect and organize data have been developed

and studied extensively. James Meirtin is the most prolific writer on this topic

having introduced the concepts of modern information system design.®'^ By uti

lizing the methodologies developed by Martin, it is possible to create £in informa

tion system that involves top-level management in the planning process. This

should give greater utility to the dynamic decision-support tool since it will allow

top level management to influence the design of the system to assure that corpo

rate objectives are met.

In order to create a decision-support tool that dynamically suggests optimal

pricing there must be access to a wide variety of data. For example, data must be

available on capital costs, individual trsinsactions, linehaul distances, up-to-the-

minute fuel prices and tax rates, etc. Information engineering research shows

the difficulties with storing large amounts of such unrelated data in one large

table. However, these difficulties are overcome by organizing the data into sepa

rate tables, each properly organized and related with entity relationship dia

grams'^ £uid appropriately normalized.'^

Another relevant concern in the creation of a dynamic decision-support tool

is that the necessary number of data summaries and computations will place

demands on the system that are much greater than those required of traditional

94. See for example: Martin and Finkelstein, 1979, and other earlier works.

95. Martin, James, Strategic Data-Planning Methodologies, Englewood Cliffs, New
Jersey, Prentice Hall, 1982.

96. Flaatten, pp. 343-390.

97. There are differing degrees of normalization. For example, the first level is
known as first normal form (INF) — "[a] relation is in first normal form (INF) if it con
tains no repeating groups." Flaatten, p. 377.
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information systems. It will therefore be important to organize the data carefully

so as to facilitate real-time analyses. In some instances, it may, in fact, be advis

able to use summary tables. For example, time-based trsinsaction data might be

summarized and updated incrementally to speed up calculation time.®® This

process is sometimes referred to as "rolling up data."®®

The collection, organization, calculations, and summaries of the data

should reveal existing and changing business patterns, i.e., should extract infor

mation from the data. This transformation of data into information requires

dynamic statistical analyses to identify patterns as they occur. The next sub-sec

tion introduces statistical methods that facilitate these dynamic analyses.

Information Theoretic Statistics

In order to use automaticalty collected data to improve decision making,

statistical analyses of the data is necessary. To be truly useful, these anedyses

must be dynamic, giving results in real-time. Traditional analytical methods are

often cumbersome, are sometimes confusing, and at best are time consuming,

making real-time data analyses difficult or even impossible. New statistical tools

designed for djmamic data analyses are needed to replace existing methods.

These new statistical tools must possess several attributes. Among other things,

they must possess the ability to be embedded in automated decision-support

systems and must identify changing business patterns as they occur. Further,

they must be easily understood so that they can be a tool in the hands of non-

98. Flaatten, p. 344.

99. Jennings. Roger, Database Developer's Guide with Visual Basic™ 3, Sams Pub
lishing, Indianapolis, Indiana, 1994, pp. 348-349.
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quantitative front-line personnel, and they must improve the accuracy of statis

tical model identification and forecasts made by currently available tools.

In 1973, Hirotugu Akaike introduced "Akaike's Information Criterion"

(AIC).^°® The field of study that has developed from Akaike's discovery is called

"Information Theoretic Statistics" (ITS). ITS, by its very theoretical framework,

has the attributes mentioned above. In fact, ITS can be automated to analyze

automatically collected data in a wide variety of situations, yielding quicker and

more accurate^®^ results than is possible with traditional methods. Because of

this, many dynamic forecasting systems currently implement some form of

ITS. 102

Part of the power of ITS comes from its ability to compare Icirge numbers of

competing statistical models simultaneously by assigning to each a comparable

scalar value, where this scalar value is a ranking or score that is independent of

units of measurement. In assigning these rankings, Akaike extended the theo

ries of L. Boltzmann (generalized entropy, 1877)^°^ and of S. Kullback and R. A.

100. Akaike. 1973, pp. 267-281.

101. The word "accurate" is used to indicate appropriate statistical model identifi
cation or forecasting.

102. For example, see Jiang, Jiunn-Yih, The Decision and Testing of a Model-Based
Systemjor Real-Time Marketing Forecasts, Ph.D. Dissertation submitted to University of
Cinciimati. 1992.

See also: Gutwein, Barry Joe, Analysis and Prediction of Regional Irrigation Water
Demand (Evapotranspiration), Dissertation for Colorado State University, 1991,
Volume 52/09-B of Dissertation Abstracts International, p. 4851.

See also: Nakamura, Hideo, "Statistical Identification and Optimal Control of Ther
mal Power Plants," Analysis of Statistical Irxformation, Symposium on the Analysis of Sta
tistical Information, The Institute of Statistical Mathematics, Tokyo, December 5-8,
1989, Paper No. 21, pp. 337-362.

See also: Reifschneider, David Leon, The Forecasting of the Distribution of Weekly
Peak Electricity Demand and its Application to Planned Outage Scheduling. Ph.D. Disser
tation submitted to the University of Wisconsin—Madison, 1983.

103. Boltzman, L., "Uber die Beziehung zwischen dem zweitin Hauptsatze der
mechanischen Warmetheorie und der Wahrscheinhchkeitsrechnung respective den
Satzen fiber das Warmegleichgewicht." Wiener Berichte, 76, 1877, pp. 373-435.
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Liebler (negentropy or information quantity, 1951)^°'^ to balance model complex

ity with "goodness-of-fit" (this balsincing—or the search for a simple model—is

known as the "principle of parsimony").^®® These two characteristic—compara

bility and parsimony—are critical attributes not found in more traditional statis

tical methods.

The importance of the first attribute—that all models may be compared—

overcomes a major shortcoming found in many Multiple Comparison Procedures

(MCP's) such as ANOVA or MANOVA, namely, the lack of transitivity. In particu

lar, using traditional statistics, it is possible to compare three competing models,

A, B, and C, sind to find that model A should be preferred over model B, that

model B should be preferred over model C, and that model C should be preferred

over model A. When this situation occurs, it is not clear which model should be

preferred. A, B, or C, as illustrated in figure 12.

ITS overcomes this shortcoming by assigning a scalar value or score to each

model. These scores indicate a ranking among the competing models where the

lower the score, the better the silternative. This ciUows an identification of the

most appropriate model by an ordering of the AlC scores. For instance, using

the above example of models A, B, and C, suppose that model A is assigned an

AIC score of 67, model B an AlC score of 77, and model C an AlC score of 87. It

then becomes clear that model A is preferred to either model B or C, and model

B is preferred over model C, as figure 12 illustrates.

104. KuUback, S. and R. A. Leibler, "On Information and Sufficiency," Annals of
Mathematical Statistics, 22, 1951. pp. 79-86.

105. Parsimony is also known as "Ocam's Razor." See: Bozdogan, Hamparsum,
STAT-683: Statistical Modeling, Text, Statistical Modeling and Model Evaluation: A New
Information Theoretic Approach, Graphic Creations, Knoxville, TN, 1990.

See also: Bozdogan, Hamparsum, "Model Selection and Akaike's Information Crite
rion (AIC): The General Theory and Its Analytical Extensions." Psychometrika, Vol. 52,
No. 3, 1987, pp. 345-370.
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MOP

Model A
etter

Better

Model C Model B

Better

Model AIC Score Comments

A 67 best model

B 77

C 87 worst model

FIGURE 12 Lack of Transitivity in Traditional MCP Versus Complete
Comparability with ITS (using AIC Scoring Criterion)

The importance of the second attribute—that model complexity is balanced

with "goodness-of-fit"—is illustrated in the following example. Consider three

competing linear regression models, model A based upon the variable X, model B

based upon the variables X and Y, and model C based upon the variables X, Y,

and Z. The issue is to select the most appropriate model from the three under

consideration. A common method of selection compares an score for each

model. By design, the score will increase with complexity and will suggest the

"full model" (that is, the model that utilizes all variables). On the other hand.

106. Many distinct ITS scoring criteria exist emd some actualfy compete with each
other. (For a comparison of several of these see: Bozdogan, Hamparsum, "On the Infor
mation-Based Measure of Covariance Complexity and its Application to the E^^aluation of
Multivariate Linear Models," Communications in Statistics, Part A: Theory and Methods,
Marcel Dekker, Inc. New York, 19 (I), 1990, pp. 267, 269.) A common point of compari
son for many of these pap)ers is the original ITS scoring criterion, namely Akaike's Infor
mation Criterion (AIC). Many other ITS scoring methods are improvements on Akaike's
original criterion, such as Hamparsum Bozdogan's ICOMP criterion. Nonetheless, the
original AIC criterion yields results that far surpass traditional methods in correct model
identification and AIC yields virtually identical results with other ITS criteria when used
with large sample sizes. (See: Bozdogan, STAT-683, 1990).

107. Bozdogan, Hamparsum, "Multi-Sample Cluster Analysis as an Alternative to
Multiple Comparison Procedures," Bulletin ojInformation and Cybernetics Research
Association of Statistical Sciences, Vol. 22, No. 1-2, 1986, pp. lOO-IOI.



ITS scoring methods such as AIC will find the optimal model that balances the

competing concepts of goodness-of-fit and lack of complexity or "parsimony."^®®

In particular, suppose that A has an score of .999 and an AIC score of 67, B

an score of .9999 and an AIC score of 77, and C an R^ score of .99999 and cin

AIC score of 87. Clearly, the contribution of the variables Y and Z are negligible.

The R^ criterion is inadequate to determine this whereas AIC properly identifies

the correct model. ITS' advcintage of balancing goodness-of-fit against model

complexity extends beyond linear regression to virtualfy all traditional statistical

methods.

Since ITS possesses these attributes, it has the ability to answer a different,

and often more useful, set of questions them traditional statistical techniques.

For example, traditional hypothesis testing answers the questions:

1. "Is model A better than B?"

2. "Is model A the same as model B?"

3. "Is model A worse than model B?"

while ITS answers a different question:

1. "Which model is best?"

This distinction puts ITS in a position to make a great contribution to

dynamic decision-making since many research questions are most naturally

posed as "which of these many alternatives is best?" For excimple, if a TL carrier

108. With respect to linear regression, Akaike's Information Criterion (AIC)—an
ITS scoring criterion—measures complexity as the number of parameters or exogenous
variables. See Bozdogan, Hamparsum, "On the Information-Based Measure...," 1990,
pp. 224.

109. Bozdogan, 1987, pp. 345-370.
110. For a discussion of in multiple regression models, see: Myers, Raymond

H., Classical and Modern Regression with Applications, Second Edition, PWS-Kent Pub
lishing Company, Boston, 1990, pp. 95-96.

For a discussion of ITS in multiple regression, see: Bozdogan, 1990, pp. 221-278.
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contemplates serving a particular market segment and wishes to determine a

model to describe the line haul time required to make this run, the model could

Include a wide variety of variables, Including Unehaul distance, the time of day of

pickup, the number of stops, whether or not the truck Is routed through a major

metropolitan area, the time of day of delivery, and so on. In order to develop the

best model, decisions must be made as to which variables are significant enough

to Include, and which only add confusion or complexity. ITS Is able to answer

this question quickly, directly, and elegcintly.

The application of ITS just mentioned Is known cis optimal model selection.

Another common application of ITS Is multi-cluster analysis.^ This was

alluded to above with the mention of MCP's such as ANOVA and MANOVA. Multi-

cluster analysis allows data to be aggregated or disaggregated optimally. For

example, ITS could address the question: "How should the time periods—12 am-

8 am, 8 am-4 pm, 4 pm-12 am—^be grouped or 'clustered' together?" Table 2

below shows all possible clusterings and Illustrates how ITS Identifies the best

clustering or degree of dlsaggregatlon of data.

TABLE 2 Multi Cluster Analysis

Model AlC Score

{12a-8a}, {8a-4p}, {4p-12a} 123.2

{12a-8a, 8a-4p}, {4p-12a} 138.5

{8a-4p}, {12a-8a, 4p-12a} 102.4

{I2a-8a}, {8a-4p, 4p-12a} 95.1

{12a-8a, 8a-4p, 4p-12a} 143.2

111. Bozdogan, 1986, pp. 95-129.
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Table 2 indicates that all records with PU times from 8 am to 12 am should

be aggregated together and the records with PU times from 12 cim to 8 son

should be treated differently. Thus the data should be disaggregated by PU time

with those records with PU times before 8 am being treated differently than

those with PU times after 8 am.

By carefully taking advantage of the power of ITS, multi-ssimple cluster

analysis can be combined with model selection criteria to find optimal models.

This allows both the use of optimal models and the use of data that is aggregated

or disaggregated optimally. Figure 13 describes how this is accomplished.

Another advcintage of ITS is the ease with which it can be used to improve

computer-based, decision-support tools. Using currently available computer

technologies, ITS analyses can be programmed to repeat analyses over and over

again virtually instantaneously cind without user interpretation or interaction as

new data is collected. This allows a computer system to make optimal model

selections automatically and in real-time to aid in dynamic decision making.

To appreciate this advantage, consider the following example. Suppose that

a TL firm wishes to measure the costs of serving individual geographic market

segments dynamically. Suppose further that the firm has a complicated cost

meeisurement device that can measure each cost quite accurately. However, the

time required to complete the measurement precludes the measurement device

from being used dynamically. The identification of an accurate costing model

that would yield accurate and quick results could provide a solution to the above

problem.

112. Many comparisons of the advantages of ITS over traditional statistical meth
ods with regards to accuracy (correct model identification) can be found in: Bozdogan,
Hamparsum, STAT-683, 1990.
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ITS Multi-Cluster Analysis

Measure lack-of-fit

for each clustering

alternative

Enumerate all

clustering

alternatives to be

considered

Measure

lack-of- parsimony

for each clustering

alternative

For each clustering alternative

add lack-of-fit and

lack-of-parsimony, i.e.:

measure AlC score for each

clustering alternative

Select lowest AlC

score

ITS Model Selection Analysis

Measure

lack-of-fit for

each model

For each cluster of

data, enumerate all

models to be

considered

Measure

lack-of-parsimony

for each model

For each model, add

lack-of-fit and

lack-of-parsimony, ie:

measure AlC score for each

model

Select lowest AlC

score

FIGURE 13 Multi-Cluster Analysis and Model Selection Criterion
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Most costs in a TL firm can be considered linear functions of the following

cost drivers: 1) linehaul distance, 2) linehaul time, 3) non-revenue distance, and

4) non-revenue time. ITS can be used to identify an optimal linear regression

model, where costs are regressed against these cost drivers. Since the measure

ment device is so time-consuming, a random sample of representative market

segments can be used to create the optimal model.

If AIC is used to identify the optimal regression model, it will calculate an

AIC score for each competing model, and wUl identify best model from the list of

all competing models. Supposing that aU possible subsets of cost drivers are

used to create the competing models. Table 3 shows how this might look.

TABLE 3 Linear Regression Results for Competing Models

Model ITS Score

Xo 93.695

XoXi 92.568

X0X2 95.285

X0X3 90.991

X0X4 78.742

X0X1X2 91.675

X0X1X3 92.905

X0X1X4 77.263

X0X2X3 91.024

X0X2X4 80.035

X0X3X4 52.207

X0X1X2X3 92.115

XoX,X2X4 79.190

XoXiX3X4 47.084

X0X2X3X4 44.929

X0X1X2X3X4 -18.836

Notes: Xo — constant term
Xj — linehaul distance

X2 — linehaul time
X3 — non-revenue distance
X4 — non-revenue time
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Table 3 shows that the full model using the variables XqX 1X2X3X4 should

be used. This "best" linear regression model is used to estimate the cost of serv

ing all meirket segments in real time.

As this example illustrates, many of the concerns discussed at the begin

ning of this sub-section (see page 74) can be overcome. Additionally, preliminary

research shows that by using commonly understood numerical techniques, ITS

can, in fact, be embedded effectively in a dynamic decision-support tool, particu

larly to develop djmamic forecasts and pricing suggestions. The next sub-sec

tion discusses this in more detail.

Numerical Mathematics

In spite of the advances in information engineering, forecasting, and ITS, the

large number of calculations necessary to implement a DPDST introduces two

concerns. First, calculation time might prevent dynamic analyses. Second,

round-off error might invalidate any calculated results. These issues are classi

cal and have been studied for decades. Both of the concerns are adequately

treated in introductory numerical mathematics textbooks.

The example given above on clustering time periods (see page 79) can illus

trate the problems with calculation speed. Suppose that in this example, the

original clusters were defined by the shipment PU times as: cluster 1) 12 am-3

am, cluster 2) 3 am-6 am, cluster 3) 6 am-9 am and cluster 8) 9 pm-I2 am.

Naively, if an optimal clustering of data is sought, we should want to consider cdl

possible clusterings. The optimal clustering could then be identified and used to

optimally disaggregate the data. Unfortunately, the number of clustering options

113. Unpublished, personal research, 1994.
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to consider in this scenario is 4,140.^^'* If each cluster of data were considered

separately, optimal model selection procedures would be used distinctly for each

cluster. For example, if there cire 10 variables (such as linehaul distance, num

ber of stops, etc.) being considered in a linear regression model, there are (2^®—

1) or 1023 models to compare for each cluster. This would mean that as many as

(1,023 X 8) + 4,140 = 12,324 distinct models would have to be compared. The

Ccilculation of an ITS score for each model is potentially quite time consuming.

The combined time required for all the models under consideration could pre

vent the system from being interactive if implemented unwisely.

Of further concern, the amount of roundoff error in these calculations

could invalidate any results if not treated properly. This is most likely to occur

when the data collected gives rise to an ill-conditioned covariance matrix.

Both of these concerns can be resolved with classical techniques such as

an LU decomposition using Grout's method with partial pivoting (interchange of

rows). This is a highly efficient method that directly addresses the speed issue.

The partial pivoting addresses the concern of the potential ill-condition of the

covariance matrix. Combinatorial and heuristic methods can further speed

up the calculations.

114. In general, the number of combinatorial options is described by Sterling's
Number of the Second Kind. Bozdogan, 1986, p. 104.

115. Kreyszig, Erwin, Advanced Engineering Mathematics, John Wiley and Sons.
Inc.. New York, 1972, p. 679.

116. Press, William H., Brian P. Flannery, Saul A. Teukolsky, and William T. Vet-
terling. Numerical Recipes in Pascal, The Art of Scientific Computing, Cambridge Univer
sity Press, Cambridge, 1989, pp. 39-47.

117. Bozdogan, Hamparsum, Di Li, and S. L. Sclove, "Information Theoretic Com
binatorial Clustering of Variables," working paper, 1989.

118. An example of a heuristic method that can dramatically speed up calcula
tions is: "The Splitting Algorithm for Multi-stage Cluster Analysis," Bozdogan, 1986,
pp. 106-107.

84



Using these techniques, the concerns addressed can be overcome. Bench

marks show that the calculations needed to perform ITS analyses can be com

pleted in real-time.^ Thus, using commonly understood numerical techniques,

ITS can be operationalized in a DPDST.

Forecasting

By accurately analyzing historical data, patterns can be seen that enable

forecasting of future business events. For instance, as mentioned on page 82.

one of the purposes of the optimal statistical model creation in this study is to

forecast linehaul time for new markets. Other measurements must be forecast

as well, such as non-revenue generating distance. Ideally, this will be done using

optimally disaggregated data.

As discussed by Bolt in his text on forecasting, over the life cycle of any

given product or service, several different techniques should be used to obtain

appropriate forecasts. For instance, marketing research that does not depend on

historical data is the only appropriate foreceist at the beginning of the life-cycle of

any given product. As time progresses, exponential smoothing may become

appropriate, and eventually segmentation analysis may become more appropri

ate.^^® The technique that gives the best forecast at any given point is affected

by the nonstationarity of historical data as well as other factors. ITS can

make adjustments for such influences and dynamically identify the most appro-

119. Unpublished, personal research, 1994.

120. Bolt, Gordon J., Marketing and Sales Forecasting, Second Edition, Franklin
Watts, Inc., New York, NY, 1988, p. 331.

121. Miller, C. M., R. T. Clemen, and R. L.Winkler, "The Effect of Nonstationarity
on Combined Forecasts," InternationalJournal of Forecasting, 1992, Vol. 7, No. 4, Mar.,
pp. 515-529.
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priate forecasting technique by choosing the optimal forecasting model at any

given point. As illustrated in one recent study, the value that ITS brings to fore

casting is, in part, that it can dynamically update the model selection, allowing

previous forecasts to be combined with current forecasts to more accurately pre

dict future sales or demand. This approach shares characteristics with a

Bayesian statistical approach where previous beliefs and knowledge influence

present and future beliefs. This constant recalculation of the forecast, using

optimal model selection, can maintain and even improve, with time, the accu

racy and usefulness forecasting activities.

To choose the best model at any point in time, the degree to which the data

should be segmented or disaggregated must be balanced with the degree that

the data should be aggregated. An optimal model selection process can identify

this optimal degree of data segmentation and siggregation.^^^ ITS can accomplis

this identification by fitting optimal models to the distinct data sets formed as a

result of distinct levels of data segmentation and aggregation, then choosing the

model that best fits the underlying data set.

For example, the definition of a geographic market segment could be

defined using 5-. 3-, 2-, or 1-digit zip code pairs. An optimal model correlating

several attributes to linehaul distance and time or to non-revenue generating

distance and time could be identified for each distinct potential market segment

definition. Then, the market segment definition that is associated with the best

model should be used.

122. Reifschneider, pp. 1-359.

123. Personal conversations with Dr. Hamparsum Bozdogan, 1994, 1995.
See also: discussion of ITS beginning on page 74.
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Notice that such forecasts must be quantified so that they can be integrated

into a DPDST. Quantitative forecasting methods can be grouped into two kinds:

times series and causal. Time series analysis is the obvious mechanism to

implement in a djmamic decision-support tool based upon historiccil data. How

ever, problems exist with time series forecasting that must be addressed. These

problems, as defined by Kotler, are as follows: "[1] too few observations, [2] too

much correlation among the independent variables, [3] violation of normal distri

bution assumptions, [4] two-way causation, and [5] emergence of new variables

not accounted for."^^®

Fortunately, the use of ITS directly addresses and removes most of these

concerns. A great deal of literature has appeeired showing the value of ITS in

time-series analysis. For example, the first concern of an insufficient number

of observations can be addressed with an optimal model selection that compares

models based upon differing degrees of data aggregation, as discussed above.

The solution to the second concern is at the heart of ITS. The optimal model

selection eliminates as much covariance from the model as could be justified.

The other concerns can be addressed similarly through the use of ITS, etc.^^^

With these improvements to traditional time series analyses, dynamic forecast

ing becomes attainable. This will be critical to the success of this project.

124. O'Donovan, Thomas M., Short Term Forecasting—An Introduction to the Box-
Jenkins Approach, John Wiley & Sons. Chichester, 1983, p. 3.

125. Kotler, p. 275.

126. See for example; Akaike, H., "Likelihood of a Time-Series Model," Statistician,
1978, Vol. 27, No. 3-4, pp. 217-235.

127. Bozdogan, Hamparsum, "Multi-Sample Cluster Analysis as an Alternative to
Tests of Homogeneity and Multiple Comparison Procedures," as published in Stats 671:
Iriformational Complexity and Multivariate Statistical Modeling, H. Bozdogan (editor). The
University of Tennessee, Knoxville, 1990, Graphic Creations, Knoxville, Fall, 1991,
p. 1-39.
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Summary

By combining Eill the philosophies, theories, and technical areas mentioned

herein, the tools are in place to achieve the purpose of this study. None of the

tools plays such a fundamental role that it can be called the "most important"

ingredient in the development of this forecasting system. The absence of any one

of them would almost certainly limit the impact of this project. Any success that

this project does achieve is due, in large measure, to the tremendous efforts that

have gone on before in each of these fields.

An appropriate thought was expressed by Sir Isaac Newton hundreds of

years ago:

"1 can only see as well as I do because of the shoulders that I stand on."
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Part III

Methodology



Introduction

As discussed in part I. the following questions will be addressed in this

research:

1. How can currently available technologies not commonly utilized in
pricing in the TL industry be harmoniously incorporated into a state-
of-the-art pricing suggestion system?

2. What is the pricing system that this research will construct and sug
gest to advance the current state-of-the-art?

3. Can the DPDST described be operationalized?

4. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

5. What are the various uses that a firm can fmd for such a system?

6. What are the desirable consequences of implementing this system?

7. What are the undesirable consequences of implementing this system?

8. How would customers be influenced by this system?

9. What would the economic cost of this system be to a firm?

10. What is the economic value of this system to a firm?

Part II gave a partial answer to the first question as it considered available

technologies and how they will be utilized in the development of the DPDST

being proposed. The current part of this dissertation will discuss how the

answers to the above listed questions will be completed. The findings will then be

detailed in part IV as the DPDST is actually developed, operationalized, tested,

and evaluated.

The information in this part is divided into six sections: "Introduction",

"System Development", "Data Preparation", "Prototjrpe Development", "Value of

the DPDST", and "Summary". The first section gives a brief overview of the infor-
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mation covered. "System Development" addresses how question two will be

answered by describing the theoretical development of the DPDST. The third and

fourth sections, entitled "Data Preparation" and "Prototype Development", will

deal with question three. These sections will discuss preliminary resesirch and

investigations that have been accomplished, as well as plans for additional steps

needed to develop eind operationalize the prototype. In particular, "Data Prepara

tion" will describe the necessary data manipulations and statisticeil analyses

that must be performed prior to implementing the system in an operational pro

totype and "Prototype Development" will describe the steps that will be taken to

develop a fully functional software prototype of the pricing suggestion system, in

preparation for its placement on-site with industry partner(s). The fifth section,

"Value of the DPDST" will deal with research questions four through ten and will

outline how the value of the pricing suggestion system will be determined, both

objectively and subjectively, with the assistance of industry pcirtner(s). The sixth

section will summarize the information presented.
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System Development

The development of the DPDST will consist of a written description that will

satisfy all the claims made in the previous two parts. There will be no consider

ation for the implementation of the DPDST during this descriptive stage. (This

will be delayed until the prototype is developed.) The dynamic price suggestion

system description will consist of diagrams, explanations, and discussions that

will define the DPDST. This part of the research would best be classified as Pro

cess Research, which is defined as "[a] subdivision of applied research, whose

objective is a new or improved process"^ where applied research is defined as fol

lows:

"Applied research has as its object the attainment of a prac

tical goal such as a new process or piece of equipment. An

example is the provision of design data for a nuclear pow

ered submarine or the determination of the cause of the spe

cific failure of a particular crop and the derivation of a

remedy to prevent its recurrence."^

In this development stage, the system will be presented step by step, in the

same order that the data will be processed. That is, the descriptions will follow

the flow of data mginipulations beginning with data collection and concluding

with the suggestion of a price. The automatically correcting feedback loops and

the necessary sind allowed user interactions alluded to earlier will be described

1. Lord Rothschild, pp. 373-378.

2. Lord Rothschild, pp. 373-378.
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naturcdly as they occur in the flow of data manipulations. Also, the system will

be presented from other viewpoints that emphasize its unique, multidimensional

characteristics and its many features. Discussions of the features of the system

will be woven naturally into all phases of the presentation. Many of these fea

tures already have been introduced and will be referenced and briefly reviewed

as they are placed in their proper position in the system development.

Table 4 lists some of the more important attributes and features that will be

incorporated into the DPDST. It should be noted that since the system specifica

tions necessary for the creation of the software prototype will be included in the

system development and descriptions, these descriptions will provide a blueprint

for the creation of the software prototype. The plans for the development of this

software prototype will be discussed later in the section entitled "Prototype

Development".
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TABLE 4 DPDST Attributes

Attribute

Uses on-line data

User definable and easily redefined

Incorporates EVA, if desired

Incorporates ABC, if desired

Many state of the art technologies
included

Automatically interprets data

Optimizes degree of data disaggre-
gation

Interactive

Description

Links will be formed between the DPDST and the exist

ing information systems. These links will provide data
to the DPDST as it is collected, allowing the DPDST's
suggestions to incorporate the most recent historical
data.

Will allow the user to customize the system to reflect
his/her immediate attitudes and/or concerns. For exam

ple, there may be occasions when the user may be inter
ested in measuring total costs and other times when all
costs excepting taxes and capital costs would be
wanted. The system will allow the user to dynamically
switch from one analysis to another.

Will include the ability to include or not include, as well
as to customize the use of EVA in cost measurements.

Customization \vill include the ability to define the cost
of capital on individual or aggregated capital costs.

Will include the ability to measure costs using ABC
philosophies. Specific cost measurement definitions
will be user definable, again making the prototype
extremely adaptable to any given firm's requirements or
management wishes.

In addition to ABC and EVA, will use such technolo
gies as advanced database manipulation and design,
probabilistic neural network (ITS) analyses to statisti
cally define geographic market segments, etc.

Will automatically interpret and optimally disaggregate
the data being considered. Interpretations of historical
data will be presented understandably without user
involvement. The user will only need to inform the
DPDST of a few minimal facts such as origin and desti
nation.

Will use probabilistic neural networks (ITS) to opti
mally determine geographic market segments. This
allows geographic market segments to be defined as
soon as there is enough collected historical data with a
small enou^ variability to adequately forecast future
business with a reasonable degree of confidence.

Will allow the user to interact with the data through the
DPDST in real time to increase the user's intuition and

understanding of the market segments being studied.



TABLE 4 Continued

Attribute

Ability to include unusual costs such
as taxes, driver retention, etc.

Includes detailed fuel and fuel tax

Includes assessorial charges

Includes driver retention/retraining
costs

Inclusion of non-revenue activity

Facilitates the use of multiple cost
measurement definitions for sensi

tivity analyses

Facilitates comparisons of sug
gested prices to historical prices

Description

Will include the ability to measure costs that are not
typical in TL information system's costing function.
Some examples of these costs are taxes, capital costs,
driver retention/retraining, number of trailers used, etc.

Will include the ability to measure fuel costs using state
by state prices, state by state fuel taxes, and seasonal
fuel efficiencies. As discussed in part I, this ability is
important (see discussion on page 25) due to the sensi
tivity of profits to these variations.

Will include the ability measure the cost of assessorial
stops. This ability is important since the number of
assessorial stops per shipment varies widely. The sensi
tivity of profits to this measurement is even more sig
nificant than the previous item discussed (fuel).

Will include the ability to measure this cost on a geo
graphic market segment basis. This is important since
anecdotal evidence exists that suggests that drivers have
a greater Ukelihood of quitting when serving some mar
ket segments than others.

Will include non-revenue activity such as non-revenue
generating miles and non-revenue generating time. This
will allow non-revenue generating activities to influ
ence cost measurements on a geographic market seg
ment basis.

Will include the ability to switch among multiple cost
measurement definition files, where each file can con
tain different cost measurements or estimates. Switch

ing the cost definition file will allow costs to be
recalculated using the newly chosen cost definitions. In
this way, sensitivity to cost definitions or to cost drivers
can be detenmined.

As illustrated below (see Proposed Results Screen for
DPDST Prototype, figure 17, page 109), historical
prices and suggested prices will be shown prominently
on the screen. Additionally, histograms showing the
variation in the historical prices and time series graphs
showing trends in historical prices will be available to
give an understanding of historical pricing.



TABLE 4 Continued

Attribute Description

16. Sensitivity, trend and vanation anal
yses

Will include the ability to interactively and immediately
run sensitivity analyses of historical prices, demand,
cost definitions, cost drivers, etc., as well as trends and
variability of key measurements such as historical
prices, non-revenue generating mileages, etc.

17. Independent of historical database
tables

Will include the ability to use any set of database tables
that are appropriately configured. The prototype will
access these external database tables and use their con

tents in its analyses. By changing the database tables,
the prototype can be used by anyone able to configure
their transaction databases appropriately, making the
prototype potentially adaptable for use by any XL firm.

18. Feedback loops Will continuously improve and control decision-mak
ing, updating the degree of data disaggregation and
forecast results by combining information from previ
ous decisions with current data to influence future deci

sions.

19. Forecasts Will interactively use exhaustive on-line data to fore
cast business activities such as non-revenue generating
miles, and non-revenue generating time.

20. Suggests instead of sets prices As previously mentioned, the DPDST is a suggestion
system rather than a decision-making system. It is
intended to enhance management's decision-making
abilities rather than replace it.

21. "Correction" of input data Will identify data that differs significantly from man
agement's expectations. When appropriate, it will dis
card or replace the data with appropriate entries.

22. Includes all dimensions of price All dimensions of price discussed in part II, such as
cost, demand, customers, competition, etc. will be
included in the DPDST.

23. Easy to use Will require little training so that it can be used by all
levels of management as well as front-line persormel.
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Data Preparation

Once the proposed pricing system has been theoretically developed and

described, its actual implementation, development, and testing will require both

large amounts of data and significant data manipulations. For example, the use

of on-line transaction data as proposed in this system requires access to

exhaustive historical data. This data must cover a time frame large enough to

give a fair representation of current business trends as well as accurate short

term forecasts. Because of the amount of computer time required for the devel

opment of the proposed system, data from industry partner(s) will need to be

transferred from their MIS computers to R&D and test machines that will be

dedicated to the implementation of this system.

In conjunction with the transfer of data to R&D and test computers, the for

mat of the data will need to be extensively manipulated to be useful for this

research. There gire several reasons for these data manipulations. First, the data

currently collected by TL firms is typically spread over many related "database

tables". The data from these multiple tables must be joined properly for the

research to proceed efficiently. Preliminary investigations suggest that the raw

database tables occupy in excess of several hundred megabytes of accumulated

disk space storage. The original structure of these tables does not lend itself to

on-line, dynamic ansilyses such as those proposed for this pricing system, and

will need to be adapted to make the data more usable.
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Another reason that extensive data manipulation will be required is that

the data is often entered by hand and data collection definitions or data entry

errors meike some of the data inappropriate for this research in its raw form. For

example, this research will forecast revenue generating time for given geographic

market segments based upon historical data. It is not uncommon for a truck to

pickup a shipment on Friday with delivery demands for Tuesday or Wednesday.

This often allows the driver to spend the weekend with his/her family, perform

ing the driving on Monday aind Tuesday. In this scenario, to measure revenue

generating time as five days (Friday to Wednesday) is inappropriate. Three days

is a more accurate representation of what happened than the five days described

in the historical database. Also, obvious data entry errors should be corrected or

discarded. For example, when a shipment takes a year and one day for delivery,

it is likely a data entry problem. This is especially true when these errors occur

around the first of the year. The collected data should be "cleaned-up" to remove

such inappropriate measurements.

Another important step that will be required to adequately utilize the data

is indexing (sorting) in various ways for quick retrieval. The ability to retrieve

desired data quickly will allow forecasts to be restricted to any given geographic

market segment in real time. Without this, no real-time forecast or price sugges

tions would be possible.

The process involved in all of these data manipulations is fiowcharted in fig

ure 14. There are five stages in the flowchart. These are as follows. 1) data collec

tion by the industry partner(s). 2) Transfer of the data from the original database

tables to R&D and test machines. 3) Combining of the data from the many
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Data Preparation

Industry partner(s)
Input transaction

data into existing

Information systems

Identify subset of

collected data

potentially relevant for

proposed study

Extract subset of

potentially relevant data

and transfer to R&D

and test machines.

Translate data Into

usable format

Analyze Integrity of

data

Hold bralnstormlng sessions with
Industry partner(s) to determine
best Interpretations of data's

contents and best methods to

"clean-up" the data

"Clean-up" data based

upon results of meetings

with Industry partner(s)

Statistically "correct"

data to make It usable

Index (sort)

modified data for

fast retrieval

FIGURE 14 Steps in Data Preparation
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related tables into a usable format and inspection of the resulting data table(s)

for usability and integrity. 4) Brain-storming with industry partner(s) about best

ways to use and interpret the data. And lastly, 5) Clean-up of the data and fmal

preparations for the data utilization in this research. Each of these stages cire

significant and will be treated in the discussion that follows.

The first stage needs very little discussion as it was done by industry part-

ner(s) before the research was even contemplated. The proposed research does

not, in any way, attempt to influence this stage.

The second stage, the transfer of data from the origineil database tables to

R&D and test machines involves a great deal of thought and work. Initial tests

and investigations suggest that the tables must be exported from the user's com

mon file format into a more universal file format such as EBCDIC or ASCII. The

data then must be adapted and imported into a useful file format so that they

can be manipulated, inspected, indexed and so on.

The fourth stage allows industry psirtnerls) to influence the interpretation of

the data. This is an extremely important step, and will involve a considerable

amount of discussion and survey with mid- and upper-level management from

several industry partners in order to assure that the data accurately represents

"reed world" experiences in the TL industry. Any questions concerning how the

measurements might occur or which records should be considered suspect must

and will be discussed with msinagement during this stage. This stage also yields

in-depth descriptions of measurements that might be expected, as management

will be able to explain, for instance, expected delays in certeiin routes (such as

increased time going through a major metropolitan area) or expected time varia

tions from season to season on a particular route.
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Stage four allows management to give detailed mathematical descriptions of

expected linear relationships among the measurements. For example, revenue

generating time can be explained as a linear function of linehaul mileage,

whether or not the shipment passed through a large metropolitsin areas during

rush hour, the number of assessorial stops, etc. Since the management of the

industry partner(s) that we anticipate working with are able to predict on-time

delivery more than 98% of the time, the linear relationships that they use or sug

gest should correlate closely with the recorded measurements. By obtaining this

description of expected measurements, data that appears grossly miscalculated

can be identified easily. Further discussion will then facilitate any necessary cor

rections or modification to the data. These avIU be used in stage five to "clean-up"

the data. Stage four is important so that the experience of industry partner(s)

can be combined with the theoretical background already discussed.

The fifth stage puts the data into final form. The first step in this process is

to remove or correct all obvious errors. For example, in preliminary experiences,

sample data which was meaningless or misleading was found in an industry

partner's historical databases. This data was created to aid MIS personnel in set

ting-up the system. It continued to be used for such purposes intermittently.

These sample records do not belong in the final database tables created for this

research. Similarly, other records need to be removed for a variety of reasons

such as clerical errors. The removal of these records allows the remaining data

to be cleaned-up and used in the proposed DPDST.

After the necesseiry data is disccirded, the remaining data needs to be

"cleaned." This includes arithmetically manipulating some of the data to obtain

compound measurements such as revenue generating time which is obtsiined by

measuring the time from pick-up to delivery. For example, the compound mea-
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surement of revenue generating time is derived from four historical fields,

namely date and time of pick-up and date and time of delivery. Once these com

pound measurements are created, the records which agree within 20% with

management's expectations will be considered to be correct. A regression analy

sis using an ITS scoring criteria will be used to determine the linear equation

most appropriate to identify this correct data mathematically. For example,

management may believe that the average driving speed of their vehicles is 58

m.p.h. The regression anadysis may show that the driving time is better

explained with a driving speed of 61 m.p.h. The results of the regression analysis

ailso may show that some variables are not important to explain driving time. As

discussed in part II, a parsimonious model will be pursued. ITS will automati

cally identify the optimal variable set and the optimal linear coefficients to use in

the linear regression. The resulting linear regression equation should fine-tune

and enhance management's beliefs in spite of their 98% on time delivery rate.

This is important since the difficulty of correctly understanding the data in the

form provided by industry partner(s) is compounded by its tremendous volume.

(This situation was emphasized during preliminary conversations with industry

partners when different managers could not agree on some fine points of data

interpretation. ̂)

Because of the differing opinions of management as to the correct interpre

tation of the data £ind because of the inherent problems in the recorded data, the

resulting linear regression will be used, when needed, to "back populate"

(replace) the actual data. For example, the revenue generating time field will be

3. For instance, one manager felt that each assessorial stop usually takes 1 hour
while another felt that the time was closer to 2.5 hours. This significant difference
emphasizes why management should try to augment their own experiences with deci
sion-support tools.
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populated by the regression equation whenever the recorded data differs from

the result of the regression equation by more than 20%. This mechanism effec

tively removes most problems from the data such as the influences of mainte

nance, long, non-productive weekends, etc. The resultant data should represent

fairly the actual operating environment of the business partner providing the

data that should be used to suggest prices. When this step is completed, the

database tables should be ready to be indexed (sorted) and used in the proposed

DPDST.

This portion of the research would best be classified as a hybrid between

product and process research. Lord Rothschild would categorize the develop

ment of the underlying methodology as process research. The building of a pric

ing tool such as the one suggested would best be classified as product research."^

4. Lord Rothschild, pp. 373-378, where product research is defined as: "[a] subdi
vision of apphed research whose objective is a new or improved product." and process
research as: "[a] subdivision of applied research whose objective is a new or improved
process."
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Prototype Development

Once the data has been collected, manipulated into a usable format, and

"cleaned-up" with the help of maueigement, a software prototype of the pricing

system will be developed.^ One of the main motivations for the development of

the prototype is to demonstrate that the DPDST can indeed be made operational.

Another important incentive is to test the utility of the DPDST in a "real-world"

setting.

Development Platform

In attempting to make the DPDST useful in a real-world setting, it was felt

that the programming language sind user interface were significant consider

ations. After substantial preliminary research of many different programming

tools, Microsoft Visual BASIC for Windows has been chosen as the programming

medium. The decision to use the Microsoft Windows™ platform followed signifi

cant investigation as weU as discussion with industry experts. Relative advan

tages and disadvantages of various systems and environments, including the

AS/400, CMS®, Macintosh®, MS-DOS®, Microsoft Windows®, UNIX®, and VAX

were considered. Following the decision to use the Microsoft Windows platform,

many programming languages and systems were reviewed and tested. In this

pursuit, investigations of programming speed constraints suggested that it

5. This will involve many different aspects of product research. See page 103.
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would be very difficult in the IBM compatible PC environment, if not impossible,

to program a fair representation of the DPDST previously described using avail

able dedicated database management systems (with the possible exception of

Microsoft ACCESS, which required too much system RAM to make it a prefera

ble option), so other options were explored.

The final choice to use Microsoft Visual BASIC® for Windows® was based

upon the ease of programming that VISUAL BASIC® for Windows® offers, its

mathematical speed,® and the richness of the language. These qualities of the

VISUAL BASIC language and its available tools should allow the incorporation of

most, if not all, of the characteristics and planned features of the DPDST.

Another contributing consideration in choosing Microsoft Visual BASIC® and its

underlying Windows® platform was the ability to easily transport the prototype

to industry partners)' machines, due to the ubiquity of machines able to run

Microsoft Windows® (and thus a prototype created with Visual BASIC®). This

should facilitate the placement and evaluation of the prototype on-site with

industry partner(s). Furthermore, the use of the Microsoft Windows® should

6. Numerous benchmarks comparing the relative looping and arithmetic speeds of
Borland C++®, Microsoft Visual BASIC®, TrueBasic for DOS®, Microsoft Visual BASIC for
DOS®, Microsoft Access®, GFA BASIC for Windows®, Alpha Four®, Alpha Five®, dBase
ni+®, dBase IV®, Paradox for Windows®, SuperBase for Windows®, Borland PASCAL for
DOS®, Borland PASCAL for Windows®, and MATLAB for DOS® showed that Microsoft
Visual BASIC® was significantly faster than most programs in this critical area. When
comparing the database speed functions, phone calls to manufacturers and personal
comparisons demonstrated that \dsual BASIC® using the embedded ACCESS® database
engine rivals the speed of the dedicated database management programs, while provid
ing ease of programming unavailable in C++ or similar programs, and thus significantfy
reduced system development time. For example, in one test of database speed. Visual
BASIC® took 16 seconds to complete a speed test while dBASE III+®, dBASE IV®, Para
dox®, SuperBase®, and Alpha Five® took over 7 minutes. In fact dBASE III+® took days
to complete the test (test result had to be extrapolated due to the unexpected speed con
straints). In fairness, it should be noted that C++ completed the same test in under 4
seconds. However, It will be noticed that Visual BASIC is much closer in arithmetic and

looping speed to the speed of C++ than the standard database management systems
and, as mentioned, significantly reduces system development time compared to C++.
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facilitate the industry partner(s)' ability to successfully use the prototype, as the

Windows® environment is conducive to the creation of user friendly programs.

As mentioned, an important aspect of prototype development will be the

incorporation of all of the characteristics of the DPDST discussed in the previous

two parts and briefly outlined in table 4, page 94. In addition to these character

istics, several features of the prototype itself will be important in making this

experiment as successful as possible. Table 5 below includes some of these key

programming features that the prototype will include:

TABLE 5 Key Features of Software Frotot3rp)e

Key Feature X>eBieriptl<Mnt

1. Windows® Platform Will run on Microsoft Windows 3.x

2. Standard Windows user friendly
interface

Will follow standard Windows conventions, including
the use of standard menu structures, GUI interface, dll

(S)(dynamic link libraries) calls to standard Windows I/O

procedures, etc.

3. Includes on-line help Will include standard Windows on-line help files.

4. Allows copying and pasting of
results to other programs for simpli
fied proposal generation

Like many Windows programs, the ability to copy
from the DPDST prototype into other Windows® pro
grams such as wordprocessors or spreadsheets via the
Windows® clipboard will be included. This ability will
facilitate the creation of customized reports or propos
als.

5. Includes histograms of key historical
activities

Will include the ability to produce histograms of key
historical activities such as historical prices, non-reve
nue generating mileages, and non-revenue generating
time to aid management in sensitivity analyses.

6. Includes time series graphs Will include the ability to produce graphs of key histori
cal activities in order to show trends and aid manage
ment in sensitivity analyses. For example, the ability to
produce time series graphs of historical prices, non-rev
enue generating mileages, and non-revenue generating
time will be included.
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Design Input from Currently Available
Costing Systems

In developing the DPDST operational software prototype, ideas will be bor

rowed from current costing systems. However, obvious and significant differ

ences will exist between the DPDST prototype and these costing systems due to

distinct objectives (pricing versus costing). For instance, one of the distinguish

ing features between the DPDST prototype and traditional costing models is the

inclusion of historical prices. Thus, a notable distinction between the software

protot3^e and costing models will be the inclusion, prominently on the screen, of

measured costs and historical prices as well as suggested prices to aid in price

determination.

The costing model that will influence the design of the computer screens,

printed reports and cost measurement techniques most heavity will be an auto

mated "STI" costing model that was presented at CLM in October 1994^ and

which accompanies classroom packet materials used in Ccirrier management

courses at The University of Tennessee, Knoxville. This software will serve as a

springboard for the prototype development as it incorporates many of the fea

tures discussed previously regarding ABC costing techniques and has been rec-

ognized as a state of the art, easy to learn, automated costing model for the

motor carrier industry.® Figure 15 shows how the screen appears in the STI

model and gives a prologue of how the proposed DPDST prototype might appear

upon completion.

7. See: Patton, 1994, p.l49. See also: Gibson, et. al., p.lOff.
8. Gibson, et. al., p.lOff. See also: Mundy, et. al., Aug. 1994, pp. 3-5.
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FIGURE 15 Input Screen From STI Motor Carrier Costing System
Source: E. P. Patton, Transportation Cost and Profit Analysis. Graphic Cre
ations. KnoxvlUe, TN, Spring 1994, p. 149

It is worth mentioning that since the STI model is designed to measure

costs for an LTL firm, while the DPDST is designed for use in the TLMC industry,

some immediate simplifications should be possible. Ideally, the user will have to

input only the origin and destination, the number of assessorial stops, and the

number of trailers used. The proposed prototype will be designed to incorporate

these simplifications. Figure 16 and figure 17 give an idea of the design of the

screens that the prototype wlU incorporate.



Origin:

Destination:

Number of Assessorial Stops:

Number of Trailers:

figure 16 Proposed Input Screen for DPDST Prototype

COSTS

VARIABLE

Suggested Price:

NON-

REVENUE REVENUE

TOTAL GENERATING GENERATING

FUEL 510.88 390.56 120.32

LABOR 601.35 459.73 141.63

FIXED

Salaries 15.03 11.49 3.54

$2,404.33

Historical Prices

Low Price: $2,154.60

Average Price: | $2.238.34

High Price: $2.339.48

U

FIGURE 17 Proposed Results Screen for DPDST Prototype
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The above example screens are only preliminary ideas of how the prototype

will appear. Multiple improvements and additions, in consultation with industry

partner(s), are anticipated in order to increase the usability of the system.

The development of this prototype would best be classified as product

research by Lord Rothchild's already cited article. This is akin to the celebrated

Nobel prize winning ink spot experiment. The theory already existed but the

operationalization of the theory required the development of innovative ideas

that took the time and efforts of many persons.
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Value of the DPDST

As previously mentioned (see page 9), preliminary investigation has indi

cated that the proposed DPDST will greatly advance the state of the art in pric

ing, particularly in the TL industry. This will be discussed in some detail under

the heading "Contributions of the DPDST". Csireful planning will be required in

order to measure the impact of these contributions. Measurements will be

accomplished both through the use of written and orsd surveys and through

analyses of the effects, or possible effects, of the DPDST on the profitability of

industrial partner(s). These measurements of the impact of the contributions (in

other words, the value) of the DPDST will be divided into two categories, namely,

1) perceived value and 2) economic value.

It is anticipated that the DPDST will deliver msiny benefits that cannot eas

ily be measured economically. For example, some negotiation preparation func

tions might be "pushed down" to lower level management or even to front-line

personnel. This might have the effect of freeing upper level management's time

for more productive and creative activities. Another benefit might be that the

DPDST simply increases confidence in setting prices. Also, the tool might be

used to reduce variation in pricing practices such as differing pricing habits

among different sales persons. Such perceived benefits wall be discussed in the

sub-section entitled "Perceived Value".

Economic value will be assessed by measuring the influence that the

DPDST (actually, the operationalized prototype of the DPDST) brings to industry
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partner(s)' profitability and economic activities. This will be suggestive of the

value that it might add to TL firms in general. (The findings will be generalizable

to the degree that the industry partner(s) represent the TL industry.) Measure

ments of the economic value created by the DPDST prototype will give an oppor

tunity to measure the potential impact that such a tool might play as firms seek

to gain a competitive advantage.

Contributions of the DPDST

It should be noted that while several commercialty avsulable systems

designed for use by TL firms include rudimentsiry cost analysis as part of their

package, the costing these systems perform is inadequate at best, cind pricing is

seldom, if ever, directly addressed.® The commercially available alternatives to

the proposed system have a different emphasis and are intended for different

purposes than the specialized DPDST developed in this research.^® Therefore, it

is not surprising that these other systems do not include the variety of details

found in the system herein proposed. The contribution that such a system

brings to the literature and to the TL industry can be seen by comparing some of

the key features included in this DPDST with some of the populcir state-of-the-

cirt progrcims currently available. By way of example, the Table 6 shows some of

the key features that distinguish the proposed DPDST system from one of the

commercially available, state-of-the-art alternatives. Traffic Analyzer, marketed

by Innovative Computing Corporation as a module of their Innovative Transpor

tation System for the AS/400.

9. See discussion on page 9, and in footnote 21 on p. 10.

10. See for example: "User's Guide." AS/400 Traffic Analyzer, Innovative Comput
ing Corporation, Oklahoma City, Oklahoma, 1994, pp. 1-3.
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TABLE 6 Comparison of Prototype Versus Commercially Available Software

Proposed
DPDST

Traffic

Analyzer

YES NO

Optimally defines geographic market segments using ITS

Report Based

Microsoft Windows Platform

Interactive

"Corrects" data for input errors or problems

Market segment definitions require minimal data volume

Includes EVA

Allows comparison of multiple cost definitions for sensitivity
analyses

Includes graphs for sensitivity analyses

GUI interface

Requires extensive training

Can include many tax measurements (income, workman's
comp., FICA, etc.)

Allows detailed descriptions of costs

Incorporates ABC techniques

Can include delineated costs of debt

Produces detailed costs reports

Calculates fuel costs on a state by state basis

Calculates fuel tax costs on a state by state basis

Accounts for varying driver retention/retraining costs from
geographic market segment to geographic market segment

Designed as a pricing tool

Forces fixed costs to be measured on a per hour basis

Forces variables costs to be measured on a per mile basis

Gives details explaining costs measurements for future refer
ence or cost sensitivity analyses

Includes Assessorial charges

Allows users to limit data when variability is high



That the proposed DPDST is so significantly different from commercially

available alternatives in no way suggests that one system is better or more use

ful than the other. Instead, it gives an example of how this business activity,

pricing, has received inadequate attention up to this point in the TL industry

and of the significant contribution the DPDST, as proposed, should bring to both

the literature and to industry.

Perceived Value

The perceived value of the DPDST will be measured with the aid of two sur

vey instruments (see Appendices A and B to this part, page 124 and page 127)

as well as through informal interviews and observations. The first survey will be

administered before the DPDST is implemented, and the second after the evalu

ation period has been completed. This will allow measurements and compari

sons of changes in perception due to the use of the DPDST. The surveys will

directly address research questions four through eight, as follows:

4. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

5. What are the various uses that a firm can find for such a system?

6. What are the desirable consequences of implementing this system?

7. What are the undesirable consequences of implementing this system?

8. How would customers be influenced by this system?

Relevance of Survey Questions

Discussions regarding the survey eire included m this sub-section on per

ceived value because the surveys are intended to answer the above research

questions directly. Note that some of the survey questions will serve a dual pur

pose in that they will answer the research questions mentioned and will also

contribute towards a more complete understanding of the economic value of the
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DPDST. However, the contribution of the survey to an understanding of the eco

nomic value of the DPDST is a secondary benefit.

Research guestion 4

4. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

This question actually addresses both perceived and economic value, so

only a partial answer to this question will be obtained through this part of the

survey. The economic aspect will be commented on in the sub-section titled

"Economic Value". The research question is addressed by the first four questions

of the survey.

The contents of the first four survey questions are as follows:

•  On what percentage of market segments do you feel comfortable with
your current knowledge of cost characteristics?

•  Please record your best estimates of the total costs to serve each of the
following 25 market segments and the starting and ending time to
make these estimates.

•  Please record which of the following 25 market segments you believe to
be profitable.

•  How useful do you anticipate (did you find) the DPDST to be?

The answers to these questions should reveal whether or not users of the

prototype fmd the DPDST valuable.

Research Question 5

5. What are the various uses that a firm can find for such a system?

This research question will be answered by survey questions five through

nine. These survey questions are as follows:

•  What will be (were) the principal uses of the DPDST?

•  How often will the DPDST be used (wais the DPDST used) by: 1) upper-
level management, 2) marketing personnel.or 3) front-line personnel?
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•  Will (Did) the DPDST affect the use of "brokering," and if so, how?

•  What role, if any, do you expect (did the DPDST) to play in dedicated
business negotiations?

•  What role, if any, do you expect (did the DPDST) to play in the negotia
tion of total logistics system services?

The "post" survey looks at several different and anticipated uses of the

DPDST that might occur throughout the experiment. It also asks open ended

questions that wUl sdlow participants to report any unexpected uses of the

DPDST such as: 1) use by marketing persons in negotiations off-site, 2) use by

management to eliminate unprofitable business, 3) use by front-line personnel

to negotiate spot market seiles, or 4) use by operations to improve efficiency of

equipment utilization.

Research Questions 6 and 7

6. What are the desirable consequences of implementing this system?

7. What are the undesirable consequences of implementing this system?

These research questions will be answered with survey questions ten

through fifteen. The questions below describe the contents of the survey ques

tions.

What conflicts, if ainy, will occur (occurred) as a result of implementing
the DPDST?

What conflicts, if any, might be (were resolved) as a result of using the
DPDST?

Do you expect (Did) the DPDST [to] influence corporate policy (alloca
tion of overhead, shared costs, etc.)? If so, how?

Would a better understanding of costs, historical prices, etc., as sup
plied by the DPDST help drive down variability (veiriability in prices,
profits, etc.?)

What attributes or features of the DPDST might provide (provide) the
greatest benefit?

What attributes or features of the DPDST do you anticipate will intro
duce (introduced) the greatest concern or aggravation?
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These six questions should provide a general understanding of the desir

able and undesirable consequences of implementing a DPDST and contribute to

the understanding of its perceived value. The surveys look at several ways that

the system could be considered desirable or undesirable by its users. One of the

questions is open ended and asks for detailed descriptions of the points that the

participant feels are worth mentioning.

Research Question 8

8. How would customers be influenced by this system?

This research question will be answered with questions sixteen through

twenty-one of the survey. The questions below describe the contents of the sur

vey questions.

•  How open do you expect to be in negotiations with the information
provided by the DPDST?

•  How will the Information provided by the DPDST Influence customer
service levels?

•  How do you believe that the information provided by the DPDST will
Influence (Influenced) customers?

•  Do compsiny prices foUow measured costs?

•  How often do prices fall below totally allocated costs?

•  How useful do you consider the DPDST?

The survey questions address the ways that customers might be influenced

(or that users of the DPDST feel that customers might be influenced) by the

implementation of the DPDST. These questions should give a reasonable under

standing of how the DPDST will influence customers.
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Economic Value

Because of the unique capabilities of the proposed DPDST, it is anticipated

that it will bring some increased profitability to the industry partner(s) that uti

lize it and that it might influence decisions that affect the profitability of the

company. In order to test these hypotheses, answers to the ninth and tenth

research questions, as well as a completion to research question number four

will be sought:

4. Would an accurate, detailed pricing suggestion system actually bene
fit a firm?

9. What would the economic cost of this system be to a firm?

10. What is the economic value of this system to a firm?

A complete answer to research question four will only come as research

questions nine and ten are answered. However, a partial understsinding of the

economic benefit that the DPDST provides will be determined by any reorganiza

tion in the activity of the company that occurs in part or in full due to the

DPDST. This will be studied both informally, by maintaining close contact with

users of the DPDST prototype and with upper-level management of the industry

partner(s), and formally through the use of the survey instrument already men

tioned. In particular, survey questions six through fifteen should provide insight

into the economic benefit of the DPDST. These survey questions address the

expected use, then the actual use of the DPDST by the industrial partner(s), as

weU as investigating some possible areas of influence within the organization

and operating patterns of the firm. Any reorganization will influence the reported

economic value that the DPDST adds to industry partner(s).
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Research question nine will look at several aspects of costs of implementa

tion of the DPDST. These will be addressed both by discussion and survey, as

well as actual cost measurement.

The tenth research question will address the question of economic value

both through use of the survey instrument and by measurements and analyses

of the of the effects that the DPDST has on the profitability of industry part-

ner(s). The economic value that the system adds to a firm will be measured by

comparing profitability levels before and during the experiment. It will also be

measured subjectively by eliciting opinions from users on the survey. For exam

ple, the following question captures the content of the last two survey questions.

•  How much do the participants vedue the DPDST (monetarity) and how
does this change over the course of the experiment?

These last survey questions ask about the economic value that users place

on the system and will give a measure of the system's economic impact. These

subjective and objective measurements should yield an understanding of the

economic value that a DPDST such as is proposed in this research might bring

to a firm.

As mentioned, the economic value will be measured, in part, by comparing

levels of profitability from before and throughout the experiment. One method

that will be used to obtain these measurements will be to measure 50 randomly

chosen transactions that occurred before beginning the experiment of placing

the DPDST on-site and 50 treinsactions that had the opportunity to use the aid

of the DPDST in the establishment of a price. The profitability of the transactions

will be measured and compared. The comparisons will include overall profitabil

ity, variation among the profitability of the transactions within groups, variation
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among the profitability of the transactions between groups, and the likelihood of

a transaction from a particular group to be profitable.

A further analysis will be done with 50 randomly selected transactions.

These will be analyzed using the DPDST which will identify any unprofitable

transactions. Calculations will then be made to find out how much over-all prof

itability would be influenced if the transactions designated as unprofitable by

the DPDST's criteria were eliminated or made to "break-even." Finally, the influ

ence of "brokering" the unprofitable transactions to owner-operators will be evsd-

uated.

In addition to the direct questions and methods just discussed to answer

the economic value research questions, survey questions two and three should

contribute to a more complete understanding of the economic value that the

DPDST will add to the industry partner(s). Recall that in survey questions two

and three the industry partner(s) will be asked to evaluate prices of providing

service to several market segments prior to introducing the DPDST on site. When

reevaluating the prices, the question will be posed as to whether or not they

would attempt to change the price based upon the information provided by the

DPDST. This actually measures confidence in the prototype and could be classi

fied as a measurement of perceived value. However, this does measure added

economic value to the extent that management's opinions on the prices reflect

reality. Since upper level management will be participating in these exercises, it

is hoped that this will be valid. Additionally, if, through use of the DPDST, man

agement determines that a particular offer should not have been extended, then

this information is quite strong aind can, with some degree of confidence, be

used to measure the economic value of the system.
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The accumulation of these various measurements of the economic value

that the DPDST adds to the industry partner(s) should grant some degree of con

fidence in our comprehension of the influences to profitability that such a tool

might add as it is implemented in the TL industry.

121



Summary

In this part of the research, the methodology that will be used to answer the

research questions proposed in part I has been discussed. As mentioned, some

of the points posed by these questions were answered indirectly in part II,

through discussions of contributions from existing literature and of newly devel

oped technologies. However, the majority of the research questions will be

answered directly. For example, the ability to operationalize the DPDST will be

shown by creating an operational software prototype. The conclusion to the

cinswers to the research questions will be reported in part IV.

In answering the research questions, a pricing suggestion system (a

DPDST) will be developed. Its creation will serve the purpose of explaining how

the various competing dimensions of price can be brought together into a har

monious system. The DPDST will be shown to be operational through the cre

ation of a software prototype that Avill be placed on-site with industry partner(s).

The implementation of the software prototype will require significant manipula

tions of existing data in order to be functional. Once these meinipulations are

accomplished and the prototype is placed for an evaluation period with industry

partner(s), measurements will be made of the perceived and economic value that

the DPDST adds.

A two part survey instrument, with one part administered before the exper

iment begins and one administered after the experiment ends, will give Einswers

to many of the research questions. Finally, the potential change in profitability
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that the DPDST brings to industry partner(s) will be evaluated by measuring the

effect of the prototjrpe on profitability.

In short, the research will: 1) develop a DPDST, 2) program a software pro

totype of the DPDST, 3) prepare the data, 4) administer a survey instrument to

industry partner(s), 5) place the software prototype on-site with industry part

ners), 6) interview users' of the prototype and upper-level management through

out the experiment, 7) administer a survey instrument with industry partner(s)

after the experiment period is over, 8) through the use of evaluations previously

described, measure both the perceived and economic vadue of the DPDST by

measuring the impact of the prototype on attitudes, activities, and profitability,

and 9) analyze the results of the surveys and informal interviews. These steps

should yield answers to the research questions proposed in part I.
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IX A

Preliminary Survey

What is your best estimate of the TOTAL costs to serve the following mar
ket segments? Please record the time it takes to calculate these estimates.

time start:

OEIGCff



time end:
How did you arrive at the above estimates?_

2. Please identify which of the following market segments you beUeve to be
profitable.



«/ if
cmmm 9>bink oth«rw!l8e|llt

End of preliminary survey



Appendix B

Final Survey

On what percentage of market segments do you feel comfortable with your
current knowledge of cost characteristics?

What is your best estimate of the TOTAL costs to serve the following mar
ket segments? Please record the time it takes to calculate these estimates.

time start:



time end:
How did you arrive at the above estimates?

3. Please Identify which of the following market segments you believe to be
profitable.

✓ if pmlitabie
(blank otkerwisel



mmm tmmmA'mm

How useful do you feel the pricing suggestion system (DPDST) is? (Please
circle one response)

(Not Useful) 0 1 2 3 4 5 (Veiy Useful)

What do you believe to be the principal uses of the DPDST?

How often was the DPDST used by:

(Please enter a number in the blank and circle the appropriate time frame.)

upper-level management

marketing personnel

front-line personnel

_dally weekly monthly seldom. If ever

dally weekly monthly seldom. If ever

daily weekly monthly seldom. If ever



7. Did the DPDST will affect the use of "brokering," and if so, how? If not, do
you see a place for the DPDST in brokering after having used it?

8. What role, if any, did the DPDST to play in dedicated business negotia
tions?

9. What role, if any, did the DPDST to play in the negotiation of total logistics
system services?

10. What conflicts arose in implementing the DPDST?

11. What conflicts did the DPDST help resolve?

12. Do you expect the DPDST to influence corporate policy (allocation of over
head, shared costs, etc.)? If so, how?
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13. Would a better understanding of costs, historical prices, etc., as supplied
by the DPDST help drive down variability (variability in prices, profits,
etc.?)

14. What attributes or features of the DPDST provide the greatest benefit?

15. What attributes or features of the DPDST create the greatest concern or
aggravation?

16. How open were you in negotiations with the information provided by the
DPDST?

17. How do you expect this system to help in establishing customer service
levels?

18. How do you think the DPDST does or might influence customers?
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19. Do company prices follow measured costs?

YE^ ^NO (check one)

20. How often do prices fall below totally allocated costs?

(Never) 0 1 2 3 4 5 (Always)

21. Would you recommend continuously investing in this technology (the
DPDST or something similar) to improve its reliability, increase its feature
set, etc. or is there a point of diminishing returns? (Pleause explain.)

22. If you were to recommend company-wide implementation of the DPDST,
how much would you recommend the company spend for this implemen
tation?

End of fmal survey
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Part IV

Research Results



Introduction

The process of creating the dynamic pricing suggestion system covered a

period of several years, and involved feedback both from pricing experts and

from industry partners. In the end, all of the research questions posed in part I

were answered.

The DPDST, once completed, incorporated all the elements of pricing dis

cussed in parts I and II. A software prototype was then developed in stages, as

will be discussed in the second section, "Prototype Development". The prototype

incorporated nearly all aspects of the DPDST. This will be illustrated in some

detail in the discussion of prototype development.

The steps discussed in part III (see for example, figure 14, page 99) were fol

lowed in detail, both in the development of the theoretical system as well as the

development and testing of the prototype. The steps leading to the completion of

the DPDST and the accompanying software protot3q)e were not always as effi

cient as the presentation suggests. However, the pattern that the development

followed will be clear as the system and its prototype are explained.

Once the prototype was completed, the system was validated through

examination of the on-site use of the prototype by industry partners. As pro

posed in part III, this was accomplished both through observation, discussions,

and through written interviews or surveys of the personnel, both mid-range and

upper-level management, who utilized the prototype. The written interview stage

of the validation proved so time consuming for the industry partners that only
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three individuals peirticipated (a vice president of operations, a pricing analyst,

and a costing and software analyst). In fact, the entire validation process proved

time-consuming for the industry partners involved. The extensive efforts put

forth by the many people involved was greatly appreciated by the author.

Because of the time commitment involved, the scope of the validation had to be

limited in some aspects.

In spite of the limitations brought on by the industry partners' time con

straints, results of the evaluation of the economic and perceived value of the

DPDST showed that it has the potential to play an important role in pricing in

the TLMC industry. Written interview responses, as well as in-depth interviews

revealed that the prototype was evaluated positively by the personnel exposed to

it.

To further explore the possible economic impact of the DPDST, the proto

type also was utilized to perform system profitability analyses, and the findings

were discussed with upper-level management. These managers expressed gen

eral consensus that the finding were accurate. Management further expressed

the opinion that such information, made readily available to them via the DPDST

prototype, could enhance their management abilities.

The development and validation of the DPDST and its prototype is outlined

in the following sections.
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Development and Presentation of
System (DPDST)

In this section, the DPDST will be presented in a sequential manner, stage

by stage. In each stage, a dimension or dimensions of pricing will be added to the

system. The first stage involves only the dimension of cost. After this is devel

oped, the pricing system will then be expeinded through the addition of the other

dimensions of pricing previously mentioned. When fully operational, the DPDST

will not only be useful in suggesting a price for a proposed shipment, but will

also offer the ability to identify existing pricing practices that need attention.

When all dimensions of price as weU as the necessary tools for improving pricing

practices are incorporated and harmonized, the system will be complete, a fully

developed Dynamic Pricing Decision-Support Tool.

Stage One—Costing Dimension

Objective of Measuring Costs

One of the critical concerns in establishing a price is that costs must be

covered. The objective of cost measurement in this study must be kept in the

forefront at all times. This is true for all pricing decisions, even when prices are

set below totally sdlocated costs. For example, although management might

decide initialty only to cover variable costs in a penetration strategy or to adapt

prices to some other strategy, cost information should always influence pricing
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decisions. However, management might choose to balance cost information with

other concerns.

In fact, as discussed in pairt II ̂  cost should not be the only dimension con

sidered in the successful establishment of a price. However, accurate costing

establishes the lower bound, or floor, and a basis for any price. The first step,

therefore, in the construction of the DPDST, is the construction of a flexible cost

ing module. One should remember that determining costs is only a small first

step in the establishment of a suggested price. The DPDST's ability to appropri

ately suggest a price will be enhanced in the following sub-sections as other

modules eire added.

In measuring the cost that a proposed shipment will incur, there is seldom

a number that represents the "correct" or "precise" cost, with whatever Internal

meanings these terms might connote to the reader. This is true because, while it

is natural to consider a given shipment to be an atomic unit that can and should

be costed "correctly", there are always operational, customer, and situation spe

cific variables that must be factored into the equation in order to get an appro

priate picture of the costs for a particular shipment, regardless of what the

shipment "usually" costs the company. For instance, a decision to use team driv

ers instead of a single driver for a given shipment or to drop a trsiiler off at place

of origin for an extended time will greatly influence the cost of a given shipment.

Thus, each shipment must be considered as a series of operational decisions

that will influence the cost rather than as an atomic transaction based upon his

torical experience. Because of this, the DPDST calculates costs in such a way

1. See discussion on page 47, ff.
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that the measured or estimated cost for a proposed shipment will lead to an

appropriate suggested price for that particular shipment, as will be discussed.

Use of Historical Transaction Data

The most useful and precise way to estimate the cost of a proposed ship

ment is through the use of a company's historical data. Companies of moderate

and large size, and even some smaller companies, have established routes and

customer relationships that form a core framework upon which the rest of the

business is built. Transaction data contains a wealth of embedded, though

sometimes hidden information. Commonly collected transaction data is ade

quate to reveal cost driver levels, variances, and trends. This historical data

identifies geographic market segments and records cost driver levels such as

linehaul distance, linehaul time, non-revenue distance, non-revenue time, cus

tomer. day of week. etc.

Since transaction data often is not organized optimally for pricing, it can

and should be segmented by several criteria. For example, the data can be seg

mented according to day of week, time of day. or customer. The DPDST will

therefore segment historical data in a variety of ways. This allows management

to consider if prices need to differ according to the criteria by which the data is

segmented. For example, does a particular customer warrant a different price

than everyone else on a particular geographic market segment, or does a lane

imbalance change from day to day or from time of day to time of day?

Some of the historical data requires significant manipulations to expose the

segmentation discussed. The data manipulations that are required to organize

the trcinsaction data into a convenient aind usable data structure can require a

significant amount of effort and computer time.^ However, preliminary studies

suggest that all data transfer (from the primary storage files to a PC) and manip-
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ulation can be automated eind accomplished during the evening hours so that

data can be current. Using data that is at most one day old should serve as ade

quately £is completely current data for the purposes of this study.

With the historical data being collected and manipulated on a timely basis,

cost driver levels can be measured and costs can be calculated based upon his

torical experiences serving geographic market segments. By using historical

data, management can base prices upon the costs actually incurred rather than

what they wish they could achieve. However, on occasion there may be reasons,

influenced by operationsd, customer, or other demands (sis discussed later in

this section), when management feels the historical data may not be the best

basis on which to measure the cost of a shipment. Because of this, management

will be cillowed to override historical data when deemed appropriate.

Historical data can also serve as a basis for identifying existing pricing

practices that need attention. This is an additional benefit of the DPDST, and

will be discussed at some length in the sub-section addressing Operational/Mar

keting dimension page 147 and in the sub-section titled "Stage Four—^Adding a

Customer Dimension" on page 155.

Multiple Measurements

Since, as mentioned, cost measurement, and therefore price establishment,

is influenced by many concerns, the ability to measure costs under varying oper

ational options is critical to appropriate price establishment. In addition to the

varying operational characteristics that can influence cost measurements, vari

ance in anticipated cost driver levels, based on historical data or on specied cir-

2. For example, one non-optimized test case took over 10 hours of computer time
using a 486 66 MHZ PC.
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cumstances, as dictated by management, gives rise to the need for the DPDST to

be able to generate multiple cost measurements.

To illustrate the need for flexibility in estimating/measuring the cost of a

proposed shipment, consider a given market segment from NY, NY to Cincinnati,

OH. If management finds, upon investigation of its historical data, that for ship

ments in this market segment, the four primary cost drivers of linehaul time,

linehaul distsince, non-revenue time, and non-revenue distance all vary signifi

cantly from shipment to shipment, the question becomes immediately apparent

of what the most appropriate value would be to use for calculating the cost, and

therefore for price establishment of a proposed shipment. Is the mean appropri

ate, or are corporate msindated specifications more appropriate for this particu

lar circumstance?

What if something unique to a specific customer or circumstance allows the

carrier to feel confident that historicsd data should play a smaller role than

usual? Are there other considerations in resolving this question? Suppose, for

instance, that it is found that historicalty, drivers average 32 hours for the line-

haul of the shipment from NY, NY to Cincinnati, OH. However, company rules-of-

thumb suggest that it should only take 21 hours for the linehaul. Suppose fur

ther that the historical data reveals that more than 20% of the shipments had a

linehaul time greater than 41 hours. Which value should be used? If manage

ment feels that the particular shipment being priced will take longer than usual

due to customer requirements, it may choose to use the 41 hours in the mea

surement of price. If, on the other hand, management wishes to use a penetra

tion pricing strategy, it may wish to use the 21 hours to measure costs in the

establishment of a price.
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In order to adequately address these questions, management must be able

to measure costs based on varying levels of each cost driver, whether it be high,

low, the median, or some other number. This will allow management to set the

price most appropriately for the given circumstance. Because of this, the DPDST

allows the flexibility to include multiple cost measurements so that the cost most

appropriate for a given situation, (not solely for a given market segment) can be

chosen.

It should be noticed from the preceding examples that variance in cost mea

surements can come from three distinct sources, 1) varying cost driver levels,

2) changing operational characteristics and 3) varying corporate strategies. Each

of these cost variance sources needs to be treated distinctly. Therefore, cost

measurement in this DPDST incorporates the ability to recalculate costs under

£ui unlimited combination of various influencing factors. Varying cost driver lev

els will be dealt with by giving DPDST users flexibility in measuring the costs of

a proposed shipment.

In practice, multiple, strategically or operationally motivated, distinct cost

measurements may be desired. It is likely that management may wish to mea

sure costs over a particular lane using a particular set of criteria. It may wish to

measure costs for a particular customer distinctly. A default costing method for

front-line personnel may be desired. The possibilities seem endless.

The DPDST includes the ability to measure costs virtually instantaneously

in any deflned manner. The measured costs can vary due to differing strategic

choices, varying operational choices or varying cost driver levels. The user will be

able to base the measured costs on historical data or on user-provided cost

driver levels. When using historical data, management will be able to base costs

upon any grouping of the data it wishes. For example, it can use averages, low
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measured values, or high measured values. It can filter the data to be customer

specific, time of year specific, or day of week specific. In this manner, manage

ment can perform sensitivity analyses in real time and can measure costs in

appropriate manners on a case by case basis.

Activity Based Costing and EVA

All cost measurements performed by the DPDST use ABC techniques, with

the primary cost drivers being linehaul distance, linehaul time, non-revenue dis

tance, and non-revenue time. Other cost drivers that play a smsdler role include

tax rates, interest rates on debt, and required returns on capital.

The role of time as a cost driver bears some discussion. A TLMC is able to

generate revenues only when its power units are carrying revenue generating

freight. Often it is the intention of management to allow drivers to work five days

and to rest two days. This means that time measured activities must be compen

sated in the five revenue generating days. Therefore, as per time unit costs are

generated, such as for debt or capital costs, their per time unit cost must be

translated to a per revenue generating time unit.

For example, suppose that a debt of $1,000,000 at 12% interest, to be paid

back in a one year period, must be included in the measured costs. This would

mesin that all the debt should be paid for at the rate of $1,120,000 per year

(principal + interest) or $3,068.49 per day.

However, the company may experience only five revenue generating days

per week which would mean that the debt should be paid for in 5 ¤ 52 = 260

days, or $4,307.69 per day. To spread the time based costs over a calender year

would under-measure these costs and would give a lower than appropriate cost

measurement which could in-turn lead to lower than appropriate prices. There

fore, care must be taken as such costs are calculated.

142



Several costs need to be measured in a special manner and will be included

as special costs since they cannot be measured as a simple function of histori

cally captured transaction data. For example, fuel prices should be measured on

a state by state basis and by season. Therefore, cost measurements will have the

ability to incorporate these seasonally adjusted, state by state measurements for

fuel and fuel taxes. Similarly, federsil taxes, PICA, and employee taxes will be

included as special items that are not a simple function of linehaul distance,

linehaul time, non-revenue distance, or non-revenue time.

Capital costing or EVA will also be incorporated into the cost measure

ments. There are occasions when management may wish to employ a penetra

tion pricing strategy and disregard some capital cost allocations or corporate

sunk costs. Therefore, the cost measurements section of the DPDST must allow

management to include or exclude any or all special costs as circumstances dic

tate. Finally, this ability to include or exclude these special cost categories must

be djmamic in order to allow management to perform multiple cost measure

ments dynamically. This allows sensitivity analyses on costs to determine the

degree of subsidization required to penetrate a market.

Managing the Costing Flexibility

With the extreme flexibility described, management must use care when

performing multiple cost measurements on a single geographic market segment.

It would be easy to play with distinct measured costs until one was found to fit

preconceived notions or prejudices. The underlying purpose of the cost measure

ments must always be kept in the forefront, this being that prices ultimately

must cover costs and to keep the company viable. In conjunction with this, one

of the purposes of measuring costs in setting prices should be to set lower limits

on a price. If it is found that historically, costs have been higher than revenues
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for a certeiin geographic market segment, making that segment unprofitable,

management should be willing to abandon the business if it cannot be improved

or if it is not tied into other profitable and compensating business. The purpose

of measuring costs should not be to justify the continuation of inherently

unprofitable services.

Utilizing costs as described is the first step in the development of the

DPDST. This initial step is outlined in figure 18. Notice that the third step in the

flowchart calls for the "most appropriate statistic" to describe the historical data

for this cost measurement. This most appropriate statistic might be an average,

a mean, a mode or some other statistic. The ability to identify this most appro

priate statistic will be discussed in the sub-section on incorporating graphical

views.

DYNAMIC PRICE DECISION-SUPPORT TOOL

filter data for shipment
specific measurements

(customer, day of week, etc.)

choose "most appropriate

statistic' to describe historical

data

analjrze filtered data
statistically

measure costs/

establish pricing floor

Collect

<ilSAggregate
d historical

data

make business decisions to

improve profitability: target
marketing efforts:
negotiate price

i
'old" data no

longer
reflects new

.  system /

FIGURE 18 The Construction of a Flexible Costing Model
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stage Two—^Adding the Demand, Value of
Service, and Competition Dimensions

Once a cost measurement has been established in isolation of other pricing

dimensions, the DPDST will allow the user to consider the impacts of demand,

value of service, and competition on price. Measurements of competitive pres

sures are not readily available in publicly available databases. However, these

pressures are typicailly knowm to practitioners in the field through everyday

experiences. The intuition that these everyday experiences bring must not be

disregarded, but rather must be properly balanced with all other dimensions in

the DPDST.

Measurements of demand and value of service, on the other hand, can be

estimated from data in the historical transaction databases. These measure

ments are not perfect since ssdes do not correlate perfectly with demand or value

of service. However, this readify available data can be used as a close approxima

tion, and needs to be considered in conjunction wdth the previously discussed

cost measurements to properly set prices.

The information that is embedded in historical databases that should be

considered are historical prices and the variance of historicsd prices. Historical

prices are not shown in isolation as absolute numbers using company-wide

averages, but rather are presented in a variety of ways, using disaggregated data

specific to the pricing situation (the particular market segment) being consid

ered. Averages are used but do not dominate the attention of the user. The vsiri-

ability and trends of prices in the specific geographic market segment being

considered are presented understandably and simultaneously wdth cost mea

surements so that they can be factored into the final price.
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The historical prices provide a measure of demand and competitive forces

since the transactions took place at the recorded prices in a competitive market.

Ideally, the historical data is supplemented with management's knowledge of the

competitive environment. Thus, the presentation of the historical data enhances

the memory and understanding of management in setting prices. It also serves

the purpose of removing variation from the decision-making process since all

decision makers have instantaneous access to similar knowledge bases.

Thus, adding the dimension of the influence of demand/value of service

and competition to the DPDST begins to add utility and precision to the system.

The addition of this aspect is illustrated in figure 19.
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If the two stages presented, measuring costs and presenting historical

prices as a measure of demand, value of service, and competitive forces, do not

harmonize in establishing a price, an operational or marketing solution might be

necessary. This is discussed in the next sub-section.

Stage Three—^Adding an Operational or
Marketing Impact Dimension

When existing business is shown to be priced below cost, it does not neces

sarily mean that the price must be raised or that the business must be aban

doned. It may be that an operational solution can be found. If competitive

pressures do not allow the price for a given market segment to exceed measured

costs, the costs must be analyzed in detail. The market segment might be found

to be unprofitable due to marketing or operation problems such as lane imbal

ances. Management might properly determine that the correct course of action

would be to keep prices where they are but to make them profitable by changing

the operational environment or refocusing marketing efforts.

In considering lane imbalances, the DPDST also assists the marketing

department by manifesting lane imbalances so that specific areas can be tar

geted. As lanes are balanced, efficiencies are introduced and competitive pricing

becomes easier. For example, location imbalances can be calculated by counting

the number of pick-ups and the number of deliveries that occur at a given loca

tion. Similarly, feeder lanes can be identified for a given location by considering

each truck that picks-up at a given location and identifying its previous revenue

generating shipment.

These previous shipments can then be classified and counted to reveal

information about the feeder lanes. Linehaul time can also be determined by cal-
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culating the time between dispatch and deliveiy. Similarly, non-revenue time

can be determined by calculating the time span from delivery to the next pick-up

for a particular power unit. It should be noticed that cross-shipments which use

more than one tractor on a single shipment need to be identified £ind treated

appropriately.

Revenue and non-revenue distances are typicalfy recorded directly. The

only difficulty in identifying these distances is when they span more them one

manifest. This occurs fsiirly often for operational reasons. (An informal study

suggested that this occurs as often as 15%-20% of all transactions.) This diffi

culty can be overcome by segregating and recombining the data appropriately.

The DPDST is able to do this in real time.

Historical prices of transactions over the geographic market segment being

considered, as well as historical prices of shipments just prior to and just after

the shipment, should be analyzed to determine if one of the shipments needs to

subsidize another in an effort to maintain lane balance and equipment utiliza

tion. Therefore, the DPDST presents this information in real time in a form that

expedites information utilization.

Am example of how the information regarding previous shipment informa

tion might appear is given in the following screen captured table from the DPDST

prototype (figure 20). This screen contains seven columns and ten rows. Each

row contains information about a "secondary" geographic market segment that

"fed into" the "primary" geographic market segment currently being studied. The

secondary market segments or rows are ordered by how often they have been

served. The seven columns contain the following information:

1. the average distance from the previous destination (secondary market
segment) to the current origin (primary market segment),

2. the origin of the secondary market segment.
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FIGURE 20 Presentation of Previous Shipment Information

3. the destination of the secondary market segment,

4. the number of times the secondary market segment has been served,

5. the average Unehaul distance of the secondary market segment,

6. the average revenues of the secondary market segment, and

7. the average revenues per Unehaul mile of the secondary market seg
ment.

If It Is determined that a price for a shipment In a given geographic market

segment can not be changed due to competitive forces, the Information on ship

ments just prior to and just after that shipment can be utilized to Improve oper

ational or pricing balsmce to the overaU system.

In utilizing the Information provided by the DPDST to help determine price,

management might determine that marketing or operational solutions to a lack

of profitability for a given geographical market segment should be used. For

example, drivers may be taking longer on the Unehaul drive than Is deemed

appropriate.

This excess time can occur for a variety of reasons. For Instance, smgle

drivers need to rest eight hours for every ten hours driving by law. What If the

ratio of rest time to driving time becomes too large? What If some shippers keep



drivers loading or unloading an excessive amount time? These problems are

operational in nature and may need operational solutions rather than higher

prices.

The company might choose to increase efficiencies which facilitate competi

tiveness. For example, if excessive linehaul time precludes the shipment from

being profitable, using team drivers might solve the situation.

If shippers are delaying drivers excessively during loading or unloading,

management may decide to use more trailers and drop the trailer off at origin or

destination and pick-up the trailer at a later, more convenient date. If non-reve

nue time after delivery is a large problem in some geographic market segments,

management might wish to use owner-operators and allow them to free-lance

with other carriers so that they would be willing to take loads that are undesir

able when the company uses its own equipment. (If owner operators are allowed

to seek freight from multiple sources after the freight is delivered, they, poten

tially, have a much larger network than the motor carrier.)

The DPDST allows costs to be measured differently from one operating situ

ation to the next. Take for example, the comparison of costs of using team driv

ers versus single drivers. These comparisons require fundamental changes in

how costs will be measured. Some of the differences in cost measurements of

team drivers versus singles might include a labor cost of $0.35 per mile and

$0.12 per mile for benefits for teams while single drivers would require only

$0.30 per mile and only $0.06 per mile for benefits. These differences would, in

turn, infiuence tax costs.

The trade-offs that might inspire management to consider such a compari

son could be the decreased capital costs (due to decreased linehaul driving time)

and decreased driver retention and retraining costs associated with team driv-
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ers. The following demonstrates some of the changes required to convert from a

team driver cost measurement to a cost measurement using single drivers.

Suppose that a company is considering setting-up a run from Olive Branch.

MS to Phoenix, AZ (a market segment already being served by single drivers)

using team drivers. Several elements will need to be factored into the analysis

before an informed decision can be made.

First, the company needs to calculate the anticipated driving time for the

linehaul using team drivers. The driving time should be noticeably smaller than

with single drivers. The reduced linehaul time is the primary trade-off to be con

sidered.

Single drivers currently are averaging 51.27 hours to drive the linehaul of

1457 miles. Calculations suggest that team drivers could make the same run in

only 34 hours. The primary trade-offs are 34 hours for two drivers versus 51.27

hours for only one driver. With no other changes, the cost translates to $1.20 vs.

$1.18. However, utilizing team drivers might force marketing efforts to decreeise

the non-revenue distance and time from its current levels of 106.45 miles and

19.85 hours.

If these non-revenue cost driver levels are reduced by half, the cost to use

team drivers is reduced to $1.10. This cost level allows a more efficient opera

tion, greater profits, and if appropriate, lower prices. The reduced non-revenue

activities could not be duplicated for single drivers because of the needed time

for rest.

As alluded to earlier, another less signiflccint difference between using

teams versus single drivers comes from driver retention. Driver retention is

noticeably better on team runs due to greater predictability of schedules by the

drivers. This suggests that marketing might focus its efforts on establishing
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more business from Phoenix, AZ to Olive Branch, MS to balance the lanes which

could lead to improved efficiencies through the use of team drivers.

This type of scenario comparison is a necesscuy cmd integrsil component of

the DPDST, To automate these calculations, the reduced driving time, driver

retention costs, etc., associated with using team drivers should be spontane

ously calculated and incorporated into the new cost measurements whenever

the user wishes to measure the costs of serving a market segment usmg team

drivers.

Notice that a spreadsheet could be set up to measure the costs of both

operational methods of serving the market segment in the example given. In fact,

both measurements could be accomplished very naturally with a spreadsheet

using three dimensions. Figure 21 illustrates the process involved in creating

such a spreadsheet.
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containing
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particular geographic

market segment

Create 3rd
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FIGURE 21 Process to Create a 3-D Spreadsheet Showing Effects of
Choosing Alternate Cost Drivers
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For example, suppose that the first level of the spreadsheet conteiins the

cost driver Information such as linehaul distance, linehaul time, non-revenue

distance, non-revenue time, tax rates, capital costs, etc. The second level of the

spreadsheet would use the data from the first level to measure the costs using

team drivers. The third level of the spreadsheet also would use the data from the

first level to measure the costs of using single drivers. Figure 22 illustrates how

such a spreadsheet might look when implemented.

It will be immediately apparent that this layout requires that the distinct

cost driver levels must be calculated and input by hand. The DPDST automates

this step allowing management to dynamically compare the costs. Further, the

DPDST allows comparison of an unlimited number of competing operational
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options without the hours of analysis previously required when the data had to

be collected "by hand".

The setting of prices requires a dynamic and harmonious relationship

between operations, marketing, and pricing. Each influences the other. The

DPDST facilitates the inclusion of operation's influence on pricing so that profit

able prices can stay competitive. The DPDST with this dimension added is illus

trated in figure 23.
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stage Four—^Adding a Customer Dimension

It is very possible that customer satisfaction efforts and profitable pricing

efforts will be at counter purposes. This is not always desirable. Customers can

be seen as a company's most valuable asset. But how should msinagement har

monize the conflicting pressures of customer satisfaction and profitability?

To some extent, management must define "good customer." Is a good cus

tomer measured by revenues, longevity, profits, or some other means? If a cus

tomer is inherently unprofitable, it may not be a desirable relationship unless

the unprofitably can be justified or rectified. However, it is more common for a

particular customer to send profitable shipments on some route but not on oth

ers.

Because many shippers or customers request or demand that carriers haul

shipments over collections of geographic market segments, carriers are seldom

free to "cherry-pick" the most profitable freight while leaving the "dogs" for other

carriers. Carriers must therefore look at the overall profitability of a customer,

rather than looking at only the profitability of the customer restricted to a fixed

geographic market segment.

The ability to identify profitable customers or potentially profitable custom

ers is just one step in factoring in customer influences on price. Another influ

ence would be the ability to negotiate. If the customer (shipper) is intent on

developing long term relationships and building partnerships, then the informa

tion from previous stages can be shsired with the shipper appropriately to dem

onstrate the justification and need to set certain rates. Certainly the information

provided in the previous stages might aid negotiations with selected customers.

Also, shippers may set-up relationships with other shippers to help balance
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lanes once they understand the influence that these efforts have on their efforts

to build partnerships and on their final shipping cost.

With the addition of the customer dimension, the DPDST comes closer to

completion. This is demonstrated in figure 24.

Stage Five—^Adding Graphical Views of
Pertinent Historical Data

A fifth important dimension of the DPDST is the ability to view historical

data and cost drivers graphically in order to factor appropriately the variation

that the company experiences in its historicsil data. To take full advantage of the

information that is presented by the DPDST, much of the information needs to

be presented in a revealing manner to allow management to clearly understand

the driving forces behind the system's suggestions. Histogreims and time series

X-Y graphs form a powerful method of communicating this information so that

management can quickly determine trends and driving forces.

For example, to know that historical prices on a given geographic market

segment had an average per revenue mile price of $1.14, a low per revenue mile

price of 1.07, and a high per revenue mile price of $1.29 may not be sufficiently

revealing for management to comfortably make a pricing decision. However, if a

time series graph showed that a marked trend of rising prices existed, this could

prove quite influential in the decision-making process. Similarly, histograms can

provide important pieces of information as they expose the variation or spread

contained in the data that leads to suggestions and decisions.

For example, to know that historical prices on a given geographic market

segment had an average per revenue mile price of $1.14, a low per revenue mile

price of 1.07, and a high per revenue mile price of $1.29 may not be sufficiently
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revealing for management to comfortably maike a pricing decision. However, if a

time series graph showed that a marked trend of rising prices existed, this could

prove quite influential in the decision-making process. Similarly, histograms can

provide important pieces of information as they expose the variation or spread

contained in the data that leads to suggestions and decisions.

For example, to know that historical prices on a given geographic market

segment had an average per revenue mile price of $1.14, a low per revenue mile

price of 1.07, and a high per revenue mile price of $1.29 may not be sufficiently

revealing for maneigement to comfortably make a pricing decision. However, if a

time series graph showed that a marked trend of rising prices existed, this could

prove quite influential in the decision-making process. Similarly, histograms can

provide important pieces of information as they expose the variation or spread

contained in the data that leads to suggestions and decisions.

These histograms and time series X-Y graphs should help management

decide when sensitivity analyses are in order and when operations are out of

control. If the variation is large on a given factor, using average values may not

be appropriate for a particular price. Therefore, these graphs will be instanta

neously available at all times. The following scenario, using sample data from a

mid-sized TL carrier, gives £in example of how management might use the graphs

in the decision-making process.

Suppose that a company is trying to establish a price from Olive Branch,

MS (a suburb of Memphis, TN) to Phoenix, AZ, and the DPDST suggests that

they should charge $1.24 per mile. However, historically shippers on this lane

have never been charged (during the time period represented in the historical

database being used by the DPDST) less than $1.32 per mile. In fact the DPDST

shows that the average price has been $1.33 and the company has charged as
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much as $1.40 in the past. Management wishes to investigate to determine why

the suggested price which is a fully allocated cost including taxes and capital

costs is so much lower them historical prices. The first thing that is done is to

look at the spread of the revenues as contained in a histogram. This histogram is

shown in figure 25, part a.

This graph suggests that the same price is being charged very consistently.

The few high charges do not appear to occur very often and might be customer

specific. However, there might be a trend that shows a recent price increase so

management might look at the time series graph, figure 25, part b.

This graph shows that towards the early part of the time period, a few

unusual events occurred, but otherwise the price has been very consistent. This

fact strongly suggests that management might wish to investigate further why

the discrepancy exists between suggested price and historical prices.

A look at the histogram of non-revenue generating time, figure 25, part c,

perhaps reveals the answer. The suggested price uses an average of 19.85 hours

of non-revenue hours per shipment in its calculations. However, the histogram

of non-revenue hours shows that there is considerable variability, which man

agement could consider as an uncomfortable risk.

What is the suggested price if management bases its cost measurements

upon the average value from the second lowest queintile shown in the histogram

rather than the overall average? Management may prefer this value to assure

that a greater percentage of the shipments are profitable.

The average value of the next lowest quantile is 36.43 hours, a significant

increase over the 19.85 overall average. The suggested price is now $1.36, $0.03

higher than the $1.33 average historical price.
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It appears that management has felt greater than average uncertainty or

risk with this geographic market segment and has chosen to use a non-revenue

generating time measurement that assures profitability in all but the few

extreme cases (only 10 of the 60 observed data points fall above the range used

in the measurement from the second quantile) in their measured costs and their

prices. Perhaps a $0.03 price increase should be considered.

Finally, if management uses company rules-of-thumb on the linehaul time

instead of historical data (substituting the length of time management expects

the shipment to take, rather than the higher number represented by the histori

cal average), the suggested price is only $1.21. But, if this linehaul time rule-of-

thumb is used along with the average non-revenue time from the second lowest

quantile, a suggested price of $1.33 per mile results. This price coincides pre

cisely with historical averages. It appears that historically, management has

added $0.12 per mile to the expected cost of $1.21.

Since meinagement successfully charged $1.33 in the past, there is no

apparent competitive reason to lower prices and the price does appear to be

rational so the original suggestion of $1.24 should be disregarded in favor of his

torical prices averaging $1.33.

Before settling on the price of $1.33 per mile, another influencing factor

that management might wish to consider would be the imbalsince information at

the destination. Since, for the sample company providing this data. Phoenix, AZ

is located far from the established Icines normedly served, it is quite difficult to

solicit revenue generating shipments that return equipment into desirable lanes.

Upon being examined via the DPDST, imbalance information shows that this

company has delivered 121 shipments into this area while only picking up 56
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shipments in this area during the same time period. This explains why there is

so much non-revenue time associated with this geographic market segment.

Finally, management may wish to consider if it can successfully generate

profitable business after arriving in Phoenix, AZ. Looking at successive moves

historically, and at their profitability reveals the following information. (Again,

this is facilitated by the DPDST. With minimal effort, the DPDST produces

table 7 in real-time, with current company data.)

TABLE 7 Shipments that Occur after Delivering in Phoenix, AZ
(Usted in decreasing order of frequency)

Origin

Phoenix, AZ

Phoenix, AZ

Phoenix, AZ

Tolleson, AZ
(a suburb of Phoenix)

]>estination

Lakewood, NJ

Atlanta, GA

Olive Branch, MS

Memphis, TN

Cost Price

$1.07 .96

$1.10 .80

$1.02 $0.85

$1.05 $0.96

It will be noticed that the company is losing between $0.09 per mile and

$0.30 per mile on these return shipments. A weighted average yields an average

loss of $0.1747 per mile. This suggests that the price that is being charged on

the shipment from Olive Branch, MS to Phoenix, AZ should be $0.17 or $0.18

higher than the original suggested price or measured cost produced by the

DPDST, instead of the $0.12 mentioned above that has been added historically

to compensate for the loss that occurs on the backhaul, meaning that there is a

($0.05 or) $0.06 per mile loss on the linehaul and backhaul combined.

The carrier may want to consider raising its price. This price increase

should occur and could be allocated to the successive backhaul shipments, to



this linehaul shipment, or divided among the shipments in some way. If this

price increase is combined with the earlier suggested price increase (of $0.03)

due to excessive variability or risk associated with the non-revenue generating

time, the price increase is raised $0.09 per mile, which may not be competitively

possible to charge.

If the market will not allow even the $0.06 per mile increase, then market

ing should search for more profitable backhaul customers or management

should consider abandoning the business. However, before management decides

to abandon the business, it should understand that $0.20 per mile of its costs

come from capital costs. The shipment is covering its out-of-pocket costs and

contributing something towards capital costs. It's just not covering its fully allo

cated capital burden. It is conceivable that the business could still be desirable

in the overall network due to customer and capacity utilization needs, in spite of

the fact that it does not cover all costs.

As the above example illustrates, the graphical abilities of the DPDST

greatly facilitate management analyses of current pricing strategy, and signifi

cantly assist with pricing. This stage (of adding graphical views of pertinent his

torical data) is extremely important to the utility of the DPDST. Figure 26 shows

how the components discussed to this point combine to yield an abridged

DPDST.
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stage Six—^Adding a Corporate Objective
Dimension

The fined phase in the development of the DPDST is to add the influence of

corporate objectives. These objectives should influence prices and offers, can

vary from market segment to market segment, and may vary over time. For

example, corporate objectives may be to set prices high enough to cover totcdly

allocated prices on established msirket segments only. The less established mar

ket segments might use a penetration pricing strategy with no attempt to cover

sunk costs or capital costs. Other corporate objectives or strategies might be

operational in nature. For example, management might decide to use team driv

ers on selected market segments to increase equipment utilization and driver

retention. Still other corporate objectives might lead management to influence

marketing's efforts to correct lane imbalances or to strengthen relationships

with selected customers.

Any of these objectives should influence price. Notice that management's

abilities to make such strategic and tactical decisions are expanded by the

wealth of information that has been provided by the previous stages. For exam

ple, the ability to penetrate a market segment is influenced by the ability of the

company to compensate for the sunk and capital costs to which the new market

segment does not contribute.

The following example AVill demonstrate how corporate objectives might

influence price. In the preceding discussion of the graphical abilities of the

DPDST, a price was suggested for the Olive Branch, MS to Phoenix, AZ geo

graphic market segment. It was determined that the price should be increased

by $0.06 to $0.09 per mile. Much of this suggested price increase was due to the

traffic that occurs after delivering in Phoenix, AZ.
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It should be noticed that the Tolleson, AZ to Memphis, TN geographic mar

ket segment comes the closest to making a full contribution of all the geographic

market segments served. This suggests that management might wish to exert its

marketing efforts to increase its presence on this lane. Traffic could then be

diverted from the less profitable lanes such as Phoenix, AZ to Atlanta, GA or

Phoenix, AZ to Olive Branch, MS.

It should also be observed that significant traffic travels in both directions,

from Olive Branch, MS to Phoenix, AZ and back. An investigation of using team

drivers instead of single drivers suggests that a profitable price would probably

be about $1.03 per mile in each direction assuming that non-revenue time

between shipments was only three to four hours. If the average price charged

were $1.03 per mile on this circuit, the circuit would be fully profitable. Since

prices already exist that average ($0.85 + $1.33) / 2 = $1.09 per mile on this cir

cuit, the prices could be left unchanged and the company would experience

increased profits if it could attract enough traffic to use team drivers on this pair

of geographic market segments.

Management may wish to exert marketing efforts in order to establish team

drivers on this circuit. This could reduce the overall need to raise prices on this

market segment by offsetting some of the losses experienced by the non-team

drivers on their shipments from Olive Branch, MS to Phoenix, AZ.

This further illustrates the point made in the last segment, that is, when

the DPDST suggests that a market segment is not covering a totally allocated

cost, it does not necessarify indicate that the market segment should be aban

doned or that prices should be raised. Instead, management must decide if the

loss should be continued for strategic or operational reasons.
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This last stage of adding the influence of corporate policy into the DPDST

completes the pricing suggestion system. Figure 27 combines all the compo

nents discussed so far and shows, in abridged form, the completed DPDST.

The Completed DPDST

When all aspects of the pricing system are combined, a fully operational

and optimalty useful Dynamic Pricing Decision-Support Tool is created. The sys

tem, in it's fully expanded form, is graphicalty illustrated in figure 28.

Having completed the development of the DPDST, the first two objectives of

this research are accomplished (see page 31). The following section will address

the first research objective eis it discusses the automation of the DPDST through

the creation of a fully functional software prototype.
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Prototype Development

The development of the computer prototype of the DPDST closely approxi

mated the development of the DPDST Itself. The presentation of the prototype

will chronicle some of the highlights that led to the final software version that

was used in the validation of the DPDST. It will then describe the degree to

which the prototype represented the DPDST.

The prototype development occurred in stages with modules added as

industry partners and experts made suggestions and criticisms. The prototype

was designed to be a fully functional and operational pricing suggestion system.

However, in the beginning, the prototype did not incorporate all features of the

DPDST. It was anticipated that some of the features of the DPDST would be more

important to implement and include than others.

From the beginning, it was believed that ITS analysis of the data followed by

its incorporation into a dynamic and interactive ABC costing system would be

important. These were the first dimensions incorporated into the software proto

type. The data included in the initial prototype also included information on his

torical prices and sales information, giving an estimate of demand and value of

service, as discussed above.^

At first, management believed that the costing dimension would be ade

quate since practitioners maintained that they had a clesir understanding of the

rest of the dimensions of price due to their day-to-day experiences. However,

3. See page 145.
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after many hours with upper-level management from the industry partners, it

was determined that while the software was impressive and potentially helpful, it

fell short of being a tool that could prove useful in day-to-day operations because

of the missing dimensions of pricing not yet incorporated into the software. So

additional aspects were added to the prototype.

The first addition, felt by industrial partners to be the most flagrantly miss

ing piece, after their initial review, was a series of graphs to show cind variation

and time series trends. This led to the addition of the histograms and time series

X-Y graphs of revenues, linehaul miles, linehaul time, non-revenue miles, and

non-revenue time.

This version of the prototype received greater approval, but industry part

ners felt that it needed an even more complete incorporation of the features of

the DPDST. So the abilities to view lane imbalances and information regarding

transactions leading-up to the point of origin as well as transactions occurring

after leaving the point of delivery were added.

After these capabilities were incorporated into the prototype, users felt that

it captured enough of the essence of the DPDST to be usable in a real-world set

ting. Table 8 compares the DPDST with the final software prototype.

It will be noticed that the features of the DPDST that are most obviously

missing from the prototype are strategic decisions, competition, and filtering

data by customer. These omissions were done with forethought. The failure to

include strategic decisions in the prototype was due to management's knowledge

of their strategic motives without the aid of a computer program.

Competitive information was not included due to a lack of available data

and the belief that historical revenues serve as a meaningful substitute. (As

mentioned previously,^ historical revenues reflect prices that were successful in
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TABLE 8 Comparison of DPDST with Software Prototype

Feature DPDST Prototype

Activity Based Costing YES YES

Capital Costs

Federal Taxes

FICA

Employee Taxes

Multiple Cost Measurements

Historical Revenues used as a measure

ment of value of service and demand

Market segment specific data

Time series analyses and graphs

Histograms of cost driver levels

Lane imbalance information

After delivery shipment information

Pre pick-up shipment information

Non-revenue information

Ability to measure costs using company
rules-of-thumb

Day of week specific information

Customer specific information

Includes driver retention & retraining
costs

Includes accessorial costs

State by state fuel rates, fuel tax rates,
and fuel efficiencies

Allows for use of multiple trailers in cost
measurements

Includes standard cost items such as

labor, equipment, general administra
tion, etc.

Strategic decisions

Competition

System wide reports

YES—limited

NO

YES



a competitive environment, so this information does reveal something about

competitive forces.)

Fineilly the lack of customer specific information was due to management's

belief that most customer specific information was already captured since cus

tomers can usually be identified by geographic market segment. This led to the

opinion that the prototype was a close enough approximation of the DPDST to

act as a test vehicle for this study.

Technical Aspects of Prototype Development

Per the plan discussed in part III. the software prototype was programmed

using the Windows 3.1 environment and Visual BASIC version 3.0 as the pro-

grsimming medium. It used standard GUI features and followed standard Win

dows® conventions. This facilitated the programming and reduced the learning

curve for the industry partners as had been hoped.

Development of the prototype took place on two development machines.

The two machines were used to emphasize to industry partners the relationship

of the program to the data. The program was developed on one machine and the

data was contained on a separate machine. The two development machines were

networked together, allowing the program access the data files on the second

machine. The program's initialization files contained pointers to the supporting

database files. alloAving the database files to be placed in any electronic location

desired (even on different machines as in the development environment if

desired).

A third machine (the "test machine") for the software was placed on-site

with the industrial partners. This was a medium class PC (486, 33 MHZ with 8

MB RAM PC clone running DOS 5.0 and Windows 3.11). Both the program as

well as the database files were placed on this machine. The prototype performed
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adequately in this environment with no unexpected, unusual or glaring defects

or time delays. The analysis times mentioned below were all measured using the

test machine.

The development machines were of the same general speed class as the test

machine (386, 40 MHZ with 8 MB RAM and 486 DX2, 50 MHZ with 16 MB RAM)

to assure that the software ran similarly (speed and functionality) on all

machines. Since the industry partners were located about 70 miles out of town,

the ability to "experience their machine" while developing the program became

increasingly important.

The presentation of the pricing suggestions and of the supporting back

ground information on the computer screen of the prototype took some time to

develop and required input from industry experts and industry partners. For an

example of a screen capture showing a price suggestion using cost driver levels

obtained from averages of the historical databases restricted to a specific geo

graphic market segment see figure 30, page 187.

Non-DPDST Features

Some features of convenience, related more to program utility than directly

to the DPDST were incorporated into the program. Some of these features were

necessary to facilitate the adaptation of the DPDST from theory to software. Sev

eral other features were requested by the users of the program to increase "user-

friendliness."

Because of the purpose of the software, no automated instcdlation program

was written. The program required that all necessary files be copied to the test

machine from the development machines whenever an update occurred. The

program initialization files required updating by-hand. This process of replacing

older versions of the software with new versions occurred fairly frequently (there
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were over six versions placed on-site with industry partners). Most updates were

small in nature (such as eliminating programming bugs as they were found) and

required no re-training of end-users.

Occasional difficulties and programming mistakes occurred as new ver

sions of the software were developed. The graciousness of the industry partners

was manifested when their time was spent to observe a program that did not

function as promised. This only occurred once or twice and was due to video

card incompatibilities between the development machines and the test machine.

This incompatibility was rectified so that future upgrades did not suffer from the

same problem.

Limited amounts of error trapping were included to increase the effective

ness of the program, and ultimately for the end-users' convenience. For example,

when zip codes were input by end-users, they were compared against a database

table contEiining all 5-digit zip codes. If the end-user typed in a zip code that was

inappropriate, an error message appeared and the user was given another

opportunity to enter the desired zip codes. This same tjTpe of error trapping was

used in a number of places in the program such as for city names, state names,

and number of accessorial stops. This served the purpose of assuring that the

program functioned properly and understandably. Without the error trapping, it

would have been easy to present price suggestions based on faulty premises due

to typing errors. If these typing errors went unnoticed, prices might be negoti

ated based upon incorrect reasoning.

An additional feature that was incorporated was the ability to copy the

analyses and graphs from the prototjqje to other software such as word proces

sors via the Windows clipboard. This ability was built into the program as it was

anticipated that the information gathered from the analyses might be gathered
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into a report format for special purposes such as supporting materials for price

negotiations or internsil reports and audits.

One feature was specifically requested by the test users of the prototype to

facilitate its implementation. Ecirly versions of the software forced the user to

identity geographic market segments using 5-digit zip codes. The ability to iden

tity geographic market segments by city names was strongly desired. Further,

the ability to review the historical data before or during the geographic market

segment identification was considered important. This was a natural set of con

veniences that did not have an analogue in the DPDST. However, the conve

niences were necessary to implement the DPDST as completely as possible, and

were added per the request of the users. One request of the industry partners

was the that a user manual be written. Users found it time-consuming to have to

re-learn the program when they used it infrequently. Although this was a rea

sonable request, it was considered beyond the scope of this research, and will be

addressed at a future date.

A limited on-line help file was included to assist users as they learned to

utilize the prototype. It is of interest to note that the most time consuming

aspect of teaching industry partners to use the software prototjqse was related

more to teaching the process of using the DPDST than to teaching the use of the

softwcire itself. While practitioners found the system natural and appegding, the

ability to analyze a price interactively from so many dimensions was a new expe

rience and required some training. The implementation of the software was a

small step in this process. Typically, users appeared comfortable with the soft

ware within one to three hours.
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Database Development

A very important part of the DPDST prototype included the use and analy

sis of historical data. To facilitate this step while the prototype was under devel

opment, the industry partners sheired, on several occeisions, transaction data

spanning several databases. It was necessary to reconfigure these databases

into a format and structure compatible with the intended purposes.

The first step was to import the data from ASCII tabular format into dBase

IV format. This was followed by many "stutter steps." as the data had to be

"cleaned-up" before the system could be used. The "stutter steps" ranged from

weeding out fake records in the data that were used by the industry partner for

debugging purposes in setting-up their database, to filtering-out data with miss

ing information.

The process was complicated mid-stream when the industry partners

changed their data collection methods eind format. However, this experience,

while somewhat frustrating, proved useful in and of itself. It forced the research

to clearfy identify the specific data needed, as well as the process needed to

transform the data from its naturally collected state to a format that could be

used by the prototype. Algorithms and methods finally were developed that

applied across the multiple systems.

Once the historical databases were set-up. the prototj^e was programed to

search the databases and statistically analyze the pertinent data to suggest geo

graphic market segment-specific prices. Ultimately, the process of searching the

databases and performing the statistical analyses took between five and ten sec

onds. depending upon the specific geographic market segment being considered

as weU as on the power of the computer being used. A complete analysis as
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described earlier in the DPDST development took between one and ten minutes,

depending on the degree of detail desired.

The prototype incorporated modern information engineering design as the

many database tables were related in meiny ways in order to yield the desired

information. The most obvious and often used relationship was that between the

transaction database table and a zip code database table. The zip code database

table contained city, county, state, and zip code fields. The trsinsactions Included

5-digit zip codes for origin and destination. This allowed the software to look up

the origin and destination cities and states in the zip code database table using

the zip codes found m the transaction database table. This look-up is explained

in figure 29.

Many such database table relationships existed. Another such relationship

wsis that between the transaction database table and the geographic market seg

ment distance table. This came in to play every time the program measured the

cost of a transaction. The geographic market segment database table contained

four fields: origin zip code, destination zip code, state and distance.

A record existed for every state that a truck passed through on any ship

ment. For example, if the shipment was from Olive Branch, MS to Phoenix, AZ,

the truck would pass through 1) MS, 2) TN, 3) AR, etc. The distances that the

truck drove m each state were as follows, 15 miles in MS, 25 miles in TN, 100

miles in AR, etc. The records from the geographic market segment database

table for this shipment are shown in table 9.

With this information, the DPDST can look-up fuel rates, fuel tax rates and

fuel efficiencies on a state by state basis. The total fuel cost is then measured on

a state by state basis. For new geographic market segments that are not yet
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Manifest Origin Destination LH revenues

Accessorial

revenues

1477401 n 38654J C 850001 1,923.24 0.00

Seek for origin 5-digit
Zip Code in Zip Code
database table

Seek for destination

5-digit Zip Code in Zip
Code database table

City County State Origin

Olive Branch De Soto MS 38654

City County State Destination

Phoenix Maricopa AZ 85000

Combine the data from the two tables

Manifest City Cotmty state Origin City County state Destination

1477401 Olive Branch De Soto MS 38654 Phoenix Maricopa AZ 85000

FIGURE 29 Look-Up Process, Cities and Zip Codes
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TABLE 9 Distances Traveled by State

Origin Destination State Distance

38654 85000 MS 15

38654 85000 TN 25

38654 85000 AR 78

38654 85000 OK 67

38654 85000 TX 322

38654 85000 NM 125

38654 85000 AZ 100

entered into the above database table, the program automatically uses overall

corporate averages across all states.

The prototype contained data access modules that allowed end-users the

ability to alter selected database tables which were not linked to any historical

transaction tables and needed manual updating. Examples of these tables were

the capital costs database table and the fuel information database table. This

ability allowed the industry partners to review, update, and modify any inaccu

racies that existed in these database tables due to changing conditions or to

data input errors.

Cost Definition Files (CDF's)

The DPDST contained the ability to measure costs in a variety of ways

using multiple criteria. This was accomplished in the prototype with the aid of

cost definition files (CDF). A cost definition file is a file that contains information

on what costs to include, exclude, or modify when cedculating the cost dimen

sion of the price. The use of a CDF is similar in practice to using a style sheet in

today's modern word processors. For instance, one CDF may instruct the pro-
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gram to measure shipment costs based on the price per mile of labor, but not to

include capital costs in the same cost measurement, while another may include

capital costs. The user can chose to use one or the other, cind thereby avoid hav

ing to reset the options every time he/she wishes to calculate a price in a differ

ent way.

The prototype includes the ability to create and use as many CDF's as

desired. For example, a CDF could be defined for team drivers, for specific mar

ket segments using a penetration strategy, for specific salespersons, or any other

purpose desired. The cost of a shipment can then be measured repeatedly using

distinct CDF's each time. This allows sensitivity analyses to be performed to

determine the sensitivity of measured costs to certain costing definitions such as

price per mile of labor or to certain cost categories such as capital costs.

The use of CDF's speeds up the process of measuring costs in a variety of

ways. It also helps to insure that costs are measured consistently and correctly.

The use of a CDF allows the user to have confidence that all cost measurements

using the same CDF have been measured using the same set of costing criteria.

Cost measurements can be further customized beyond the use of a CDF by

filtering the historical databases and using cost driver levels based upon

restricted partitions of the historical data such as only the lowest measured

events or onty the shipments that occurred on Friday. Also, corporate rules-of-

thumb can be used to override historical observations. This ability seems appro

priate since historical data is being used to forecast future events. Management

might be bidding on a new piece of business that would invalidate historical

measurements. In this situation, management's best estimation of the cost

driver levels of the new business should be used instead of forecasts using his

torical data.
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Whenever the databases are updated, all CDF's are automatically updated.

This requires that the prototype identify all CDF's in use. For this reason, all

CDF's are kept in electronically identified locations so that they can be located

and updated as new data is provided. This allows the prototype to show costs

and prices of secondary geographic market segments using any CDF. Also, as

multiple CDF's are used in sensitivity analyses, costs of serving secondary mar

ket segments are automatically updated to reflect the current CDF.

ITS Analysis in the DPDST Prototype

As mentioned in DPDST Development, it is important to identify the geo

graphic market segments that are served prior to pick-up at the origin ("pre-

shipment" market segments). Similarly, it is important to identify the geographic

market segments that are served after delivering a shipment to the destination

("post-shipment" market segment). For completeness, it is important to know the

cost associated with serving these pre- and post-shipment geographic market

segments and the costs need to be displayed as an eiid to establishing a price for

the primary market segment being considered. In the DPDST prototype as now

developed, there are no options for altering the measurements of the costs asso

ciated with these secondary geographic market segments. The cost measure

ments are calculated using a regression analysis of all historical data. For

example, the optimal regression model would describe costs for secondary mar

kets using a linear equation. The independent variables of this linear equation

would consist of a subset of linehaul distance and time and non-revenue dis

tance ctnd time. The coefficients sind variable selection process uses Akaike's

model selection criteria. The analysis is accomplished by measuring the costs of

each pre- and post-shipment geographic market segment and regressing these

costs against their associated cost driver levels (these costs driver levels are
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measured as the average value on a given geographic market segment). It should

be noticed that the costs depend on the CDF being used. This requires that the

regression be repeated for each CDF. The resulting model becomes a part of the

CDF and is used in future cost calculations for secondary markets. The use of

these regression models allows the multiple cost measurements to be calculated

in real-time. The following example demonstrates how this regression analysis is

accomplished.

Table 10 below gives an example of data that might come from the histori

cal transaction databases. Initial reactions to the above might lead one to believe

that the Vciriable selection criteria from the information theoretic regression

analysis should always choose the full model because of the way that costs are

defined. However, not all components of costs are linear factors of the listed

independent variables.

Fuel can account for more than 20% of calculated cost, yet it is not a simple

linear function of the listed costs drivers since it is measured on a state by state

basis. Similarly, fuel taxes are not a simple linear function of the listed cost driv-

TABLE 10 Historical Transaction Data on Pre-shipment Transactions

Non* Non-
line^aul Linehaul revenue revenue

!imi Instance Time Distance Time

1.10 1457 34.00 53.25 9.93

1.86 452 16.29 92.81 33.45

1,043

323

965

1,037

697

54.88

8.49

82.98

73.37

19.03

160.71

73.08

48.00

103.80

85.59

22.91

17.57

5.32

31.87

29.36



ers for the same reason. Also, different market segments use distinct numbers of

trailers causing non-linear relationships. Finally, some cost drivers might be

insignificant in some CDFs (For example, CDFs can eliminate non-revenue activ

ity from cost measurements, causing the cost drivers of non-revenue distance

and time to be removed from all cost measurements).

The first question to address is one of variable selection. Which of the cost

drivers should be included to yield optimal results? Using current data and the

default CDF (created with the aid of an industry partner), linehaul distance is

the dominant influencer of cost with linehaul time being a significant secondcuy

infiuencer. Using Akaike's Information Criterion® to identify the optimal variable

selection, it is seen that for the particular CDF currently being considered, all

cost drivers should be used to estimate measured costs of secondary geographic

market segments. The prototype recalculates these regression analyses every

time the historical databases are updated. The coefficients of the regression

analysis are included in the CDF which allows for real-time cost estimates of

secondary geographic market segments.

These analyses are done in the background so that the end-user does not

even know that they are taking place. The ability to dynamically perform these

calculations without user intervention is critical to the success of the DPDST

£ind the prototype. To require users to make statistical choices in the model

selection process would greatly limit the utility of the DPDST since many users

would not be comfortable with the degree of required statisticEil expertise. Infor

mation theoretic statistics elegantly handles this situation by giving a criteria

that yields an optimal model selection every time without user intervention.

5. Akaike, pp. 267-281.
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Table 11 demonstrates how Akaike's model selection criterion arrives at a final

multiple regression costing model for secondary market segments.

The lowest score listed in the second column of the above table is the best

model and the one that is used by the software prototype. In this example, the

full model is significantly better thein any of the competing models and is used in

the background to calculate costs of secondary geographic market segments.

It is interesting, also, to analyze the results of the regression analysis. The

coefficients are listed in table 12.

TABLE 11 Multiple Regression Costing Model for Secondary Markets

Mode! AXC Score

XOX1X2X3X4 18.836

XOX1X2X3

XOX2X3X4

XOX3X4

XOX2X4

XOX2X3

XOX 1X4

XOX1X3

a) XO — constant term
XI — line haul distance

X2 — linehaul time

X3 — non-revenue distance

X4 — non-revenue time

44.929

XOX 1X2X4 47.084

XOX1X3X4 79.190

92.115

52.207

80.035

91.024

77.263

92.905

XOX1X2 91.675

XOX4 78.742

XOX3 90.991

XOX2 95.285

XOXl 92.568

XO 93.696



TABLE 12 Coefficients of Vciriables Used in Regression Analysis

ViKdBbl^ Name CoefBcient Value

Constant Term .024168

Linehaul Distance .581596

Linehaul Time 11.480300

Non-revenue Distance 0.580043

Non-revenue Time 11.472010

This shows that costs are about $0.58 per mile and about $11.47 per busi

ness hour when using this particular CDF. While this information is interesting

for purposes of this discussion, it would be distracting in the setting of prices

since this information does not directly influence the establishment of prices.

The use of AIC in performing the above analyses deserves some mention.

AIC was the original criteria published by Akaike in his landmark article in the

early seventies. Its value has been demonstrated for over two decades sind its fol

lowing has gained mainstream status. Other model selection criteria exist that

offer advantages over AIC (such as Bozdogan's ICOMP®), however. AIC appears to

perform adequately for the purposes of this study.

6. See for example: Bozdogan, Hamparsum, "ICOMP; A New Model Selection Crite
rion." Classification and Related Methods of Data Analysis, Hans H. Bock (editor),
Amsterdam, North-Holland, April, 1988, pp. 599-608.

Bozdogam, "On Communications In Statistics..." 1990, pp. 221-278.

Bozdogan, Hamparsum, "Multisample Cluster Anatysis of the Common Principle
Model in - Groups Using an Entropic Statistical Complexity Criterion," invited paper at
the International Symposium on Theory and Practice of Classification. Puschino, Soviet
Union, December 16-19, 1990.

Bozdogan, Hamparsum, "Mixture-Model Cluster Analysis Using Model Selection
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The DPDST was initially developed from about 28,000 historical records

provided from the transaction databases of an industry partner, representing

over 1,500 meirket segments. The time required to measure the cost for all indi

vidual market segments precludes this from being done. Instead, a sampling of

msirket segments is used to calculate the optimal model. The use of sampling

allows the calculations to be made in real time. This is important when new

CDFs are created since a regression analysis must accompany this creation.

Since CDFs, in the development of a price, are often used as they are created,

the regression analyses must be completed in real-time. It is necessary that the

CDF not take an undue amount of time to identity the optimal regression model

or to calculate the associated regression coefficients. This forces the use of sam

ples. Therefore, the regression analysis uses sampling techniques, basing its

results on 50 randomly selected geographic market segments, allowing analysis

to be accomplished in real time.

The elegance with which information theoretic statistics performed the

above analyses cannot be overemphasized. Traditional statistics has no counter

part to reliably perform the optimal model selection without user intervention.

The inclusion of this dimension of the DPDST in the prototype was considered

necessary by the users in early versions, allowing users to consider and include

necessary Isine subsidizations and price balancing due to market pressures. An

example of the process that leads to this type of pricing was discussed in an ear

lier example of a shipment from Olive Branch, MS to Phoenix, AZ.

Utilizing The DPDST Prototype

With all the options that are included, it can become difficult to keep track

of which options are influencing current cost measurements or price sugges

tions. To combat this concern, much of the display is devoted to informing the
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user of the underlying assumptions and criteria being used. Figure 30 is a

screen capture of a price suggestion from the prototype softwsire and demon

strates how this information is communicated. Notice that the screen informs

the user that:

the "TEAM CDF" is being used.

37 historical shipments from Olive Branch, MS 38654 to Phoenix, AZ
85000 were found using 5-digit zip code pairs.

62 historical shipments were found that terminated at the destination
of Phoenix, AZ 85000. The non-revenue miles that occurred after the

delivery of these shipments was used to forecast non-revenue activity
on this shipment.

The linehaul distance cost driver is based on average historical data.

The linehaul time cost driver is based on average historical data.

1 iV-V-lO' >V,

Ble £dlt Iransactlon Tools Mndow lielp

Costing DefinHion File in Use: E:\VBW!N\DISS\DISS4\TEAM.DEF

LandAir Transport, Inc.

Olive Branch

Phoenix

De Soto-

HancopB'

37 shipments-

62 shipments-

histoncal data-

histoncal data:

User dedorad value:

hisloncal data:

Total:: Revenue Generating::
1.489.36 Miles; Mi'afi.

57.64 Hours! 51.35 Hours:

tram historicol dotabose

Irom historical database

Average
Average

Lowest Quantile

Non-Revenue Generatng:
12.96 Miles

6.49Houra

Suggested Minimum Price: t1.17 permits
Accessorial Charges: Iq qq

Historic al Prices

Low. $1.32 per mile. Accessorial • $0.00
Average: $1.32 per mile. Accessorial - $0.79
Nigh: $1.40 per mile. Accessorial - $14.57

FIGURE 30 Screen Capture of a Price Suggestion From the Prototype



6. The non-revenue distance cost driver is based on a user input.

7. The non-revenue time cost driver is based on the average VEdue of the
shipments from the lowest quantile of historical data.

8. The lowest historical price on this geographic market segment is
$1.32 per mile.

9. The average historical price on this geographic market segment is
$1.32 per mile.

10. The highest historical price on this geographic market segment is
$1.40 per mile.

11. The lowest, average and highest accessorial charges historically are
displayed.

12. The current measured cost and price suggestion includes no accesso
rial charges.

13. The Unehaul distance cost driver level being used is 1,457 mUes.

14. The linehaul time cost driver level being used is 51.35 hours.

15. The non-revenue distance cost driver level being used is 12.96 miles.

16. The non-revenue time cost driver level being used is 6.49 hours.

17. The total (linehaul + non-revenue) distance cost driver level being
used is 1,469.96 miles.

18. The total (linehaul + non-revenue) time cost driver level being used is
57.84 hours.

The above information should provide the user with a degree of confidence

that they understand the driving forces behind the cost measurements and the

price suggestions offered by the prototype. It also should allow the user to pro

gressively alter conditions in the pursuit of a reasonable price while keeping

track of what conditions are currently being used.
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Validation of the System

In practice, there were varied approaches to using the prototype. For exam

ple, some end-users seemed to assign prices based upon cost measurements

that used the lowest historical observations with the reasoning that these mea

surements represented the company's operations when nothing went wrong. It

was pointed out that this would always lead to a price below average measured

cost and that if all prices were set below average cost, corporate profitability

goals would not be met. While this concern was understood, the solution was

relegated to the operations domain. Others took more time to perform deeper

what if analyses.

Economic Impact of the DPDST

The economic impact of the DPDST on the industry partners of the system

will be reported in phases. As planned, this impact was measured through the

administration of a written interview or survey (discussed in part III). The written

interviews were completed by three individuals occupying varying levels of

responsibility—^the time demeinded by the written survey precluded greater par

ticipation. The economic impact was measured further through investigative

research using the DPDST prototype itself, and through in-depth interviews with

personnel at various levels of responsibility among the industry partners. The

first phase will report the direct, immediate economic impact that the DPDST

had on the industry partners. The second phase will discuss some of the investi-
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gative reports completed with the aid of the prototype that illustrate influences

that the prototype could have on the industry partners. Finally, a third phase

will report on the anticipated future economic impact of the DPDST.

Phase One—Reported Direct Impact of the DPDST

The prototype of the DPDST was implemented in stages as computer code

revisions occurred. This precluded a stable form of the prototype from being

used for long periods of time. The process of developing the prototype spanned

over a year with multiple meetings with mid- and upper-level management.

These meetings ranged in duration from a few minutes to all day. Multiple users

and contributors participated in these meetings. For example, cost analysts,

pricing analysts, and MIS department heads spent considerable time examining

and working with the prototype, as weU as working out problems or difficulties

with providing data or with improving the user-friendliness of the software.

Due to the frequent updates in the computer software prototype, some of

the planned research questions were limited in scope and depth. Another limit

ing factor was the inability of the industry partners to carry out some planned

analyses "by hand," that is, without the assistance of the prototype.

This problem was particularly evident in responses to the first three written

interview questions. Question two, in particular, which asked for the industry

partners to list their costs associated with serving 25 geographic market seg

ments. created some difficulty. In spite of the limited participation level on this

exercise (only three persons completed the written interviews or surveys), this

reporting of measured costs without the aid of the DPDST was deemed so time

consuming and difficult that participants declined to answer this question. They

estimated that this cost measurement activity would have taken several weeks of

full-time effort to complete.
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It is believed that the inability of industry partners to calculate their costs is

an even stronger statement than was originally hoped for. The prototype was

able to accurately measure costs, and this was in contrast to a complete inability

prior to the implementation of the DPDST prototype.

The research showed that the DPDST prototype did have an impact on the

industry partners. In addition to the new ability to measure costs, the written

interviews listed several immediate impacts of the prototype, including:

1. removing conflicts in P&L measurements:

2. removing conflicts in lane analyses;

3. cost analysis; and

4. ansilysis of unit business.

Lane analysis was another cirea where the influence of the prototype was

clearly seen. As previously mentioned, the industry partners found accurate and

detailed cost measurements for operations or pricing purposes to be so time con

suming that the activity received only occasional and specialized attention before

the implementation of the DPDST prototype. However, this activity became pos

sible through the use of the prototype, and industry partners performed analy

ses that revealed concerns or problems on several of the lanes in question that

were previously unknown. The process of using the prototype also gave insights

into the profitability of the given lanes that differed from perceptions before

using the DPDST.

In the analysis section of the written interview, participants were asked to

analyze 25 specified lanes using the DPDST. This was completed twice, once

without the aid of the prototype and once with. The participant took advantage

of all tools at his/her disposal just as would be done in an actual day-to-day set

ting. The activity was completed again at a later time using the DPDST. That is,

the same persons answered the same set of lane analysis questions again, but
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the second time the participant answered the lane analysis questions, he/she

was free to use all tools at his/her disposal, including the DPDST prototype.

The two experiences differed significantly in several respects. Some of the

primary differences included the ultimate conclusions regarding lane profitabil

ity, and the time to complete the activity. Of the 25 lanes analyzed, 16 were con

sidered profitable without the aid of the DPDST. After the DPDST was

implemented, only 8 were considered profitable.

The time required to complete the lane analysis portion of the written inter

view took 45 minutes without the aid of the DPDST. However, the same analyses

took considerably longer than two hours when using the protot5qDe due to an

abundance of "what-tT options and a lack of user-friendliness.

The participants were unable to give an exact measure of the time that the

second response to the activity demanded due to the length of its time demanded

and conflicting commitments that precluded their completing the second

response in "one sitting."

An interesting response to the final written interview showed that uni

formly, all respondents felt, without the help of the DPDST, that prices fell below

totalty allocated costs not quite half the time (all three responses were two on a

Likert scale from zero to five inclusive). However, when the participants utilized

the DPDST to evaluate 25 market segments, responses suggested that prices fell

below totally allocated costs nearly two-thirds of the time.

Phase Two—Results of Investigative Reports on the Impact

of the DPDST

In an effort to further investigate the apparent overabundance of unprofit

able geographic mairket segments, analyses were performed by randomly select

ing market segments from the provided databases and analyzing them via the
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DPDST prototype. One analysis, covering only ten geographic market segments,

showed prices fell below totally allocated costs 80% of the time. On examination,

this was found to be due in part to the inclusion of capital costs. When capital

cost requirements were changed from the 12% per year (suggested by meuiage-

ment to be their goal) to 6% per year, the number went from 80% down to 60% of

all shipments that did not cover totally allocated costs. This suggests that the

business unit of the industry partner involved in this study may not currently

generate a return on investment of 12%, but rather may be closer to generating

returns in the 5% or 6% range.

To further investigate this, a second analysis was performed on a larger

random sample. In this analysis, 40 geographic market segments were selected

and were found to contribute precisely 6% towards capiteil costs (dividends and

retained equity).

Again, as in the former and smaller analysis, 60% of the market segments

did not cover totally allocated costs. However, total costs and total revenues did

balance over all 1,957 transactions involved, and all costs were covered (includ

ing dividends and equity with a 6% annual return). This was made possible by

the fact that the geographic market segments that covered costs (representing

40% of the sampled market segments) were high-traffic lanes, encompassing

66.5% of all shipments, and 71% of all revenue miles.

It should be mentioned that the level of 12% return on capital costs was

considered appropriate by management in multiple conversations. The mention

of 6% return on capital costs is included because this figure appears to be the

amount that the business unit of an industry partner that participated in the

project is actually achieving at present.
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In conversations regarding these issues of inadequate return, management

did not seem to be disturbed. The responses ranged from 1) a distrust of the pre

cision of the DPDST or the data that had been fed into the prototype to 2) a belief

that the current economy does not allow greater profitability in TLMC industry.

However, further conversations revealed that upper-level management was

aware that current profits were only covering about half of the capital cost bur

den. This coincided with the measured result.

During the multiple conversations, interviews, and experiences with indus

try partners, it became apparent that market conditions do not permit prices to

follow costs on every geographic market segment. Instead, pairs or triangles of

geographic market segments need to be considered simultaneously with one leg

of the circuit subsidizing the other(s). The aim becomes to make the average of

the two or three shipments profitable.

This understanding of the djmamics of the marketplace may explain the

belief expressed by management and by pricing personnel that about 50% of all

shipments do not cover totally allocated costs. In spite of this attempt by indus

try partners to average their profits across multiple shipments, they did not

seem to be aware of the specific profitability levels suggested in the preceding

paragraph.

An interesting side note was the noticeable distinction between upper-level

management and mid-level msinagers. Upper-level management seemed to be

aware of the significance of contributions towsirds capital costs and seemed to be

inclined to find solutions to the apparent problem. However, mid-level manage

ment seemed appeased by the statement that "this is the resd world."

One costing analyst made the statement that in the current market, they

just tried to keep their equipment moving and make sure that they covered their
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fixed costs. He repeatedly emphasized this, making clear that he had no concern

whatsoever about covering variable costs. He appeared to feel that as long as the

commitments the company had made, such as for tractors, were met, then a bet

ter day would arrive in the near future.

He never made mention of any concern to cover variable costs! It is not

clear if this is due to a complete lack of understanding of basic economics or if

the cost analyst was expressing a need to cover both variable (unmentioned) and

fixed costs, with no contribution towards capital costs.

Through many hours of in-depth interviews, it became apparent that a fac

tor that severely limited the utility of the DPDST in practice was the lack of

understanding by practitioners of the multiple dimensions of price. Further,

upper-level management seemed to lack commitment to achieve a high level of

expertise in the pricing function. Conversations with vice presidents showed that

positions that established prices, frequently, were staffed by persons with lim

ited skills and abilities. The persons that established prices might lack funda

mental grounding in all dimensions of price. The final point of concern was the

lack of an ongoing training or education program for pricing personnel.

Phase Three—Reported Anticipated Future Impact of the
DPDST

As discussed in the previous sub-section, the prototype did play a limited

role in economic decision making and revealed economic facts regarding opera

tions and pricing practices that were not known or understood by the industry

partners before implementing the DPDST. However, time, as well as a general

lack of user-friendliness on a few key points precluded the tool from achieving

the industry partner's vision of its full potential.
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On the questions of the written interview asking for impressions of whether

or not the tool should be continuously developed and how much the company

should be willing to pay for the tool, unanimously, everyone felt that the DPDST

prototype should continue to be developed. Mid-level management suggested

that a investment to continue to develop the prototype might range from $5,000

to $10,000. Upper-level management was uniformly unable or unwilling to give

a dollar value for the further development of the prototype but did express

desires to see it further developed.

The fact that all levels of management expressed the desire to see the

DPDST prototjq)e further developed was considered a positive sign, further indi

cating the potential of the prototype. Severed specific suggestions for improve

ment and/or further development were made by veirious personnel, many of

which appeeir to have significant potential. These Avill be discussed in part V,

"Conclusions and Future Directions".

Many of the advantages of the protot5q)e went beyond the measurable labor

savings, the increased profits, or the increased knowledge of system profitability.

Many of the advantages of the tool appeared to be a perceived value due to sev

eral causes such as an increased comfort level with pricing or operation prac

tices. This will be discussed in the next sub-section.

Perceived Value of the DPDST

The perceived value of the DPDST was measured with the aid of the written

interviews or survey instrument and with the aid of multiple in-depth interviews

with industry experts and industry partners. Without exception, aU comments

were to the positive, in that adl expressed, in one form or another, the opinion
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that the industry needed a tool such as the herein developed DPDST to aid deci

sion making.

The Avritten interview responses emphasize this point. The responses to

question four on the written interview, "How useful do you feel the pricing sug

gestion system (DPDST) is?" averaged 4.5 on a Likert scale from zero to five with

zero being not useful and five being very useful. Question six of the written inter

view explained the response to question four to some extent. Question six asked

"How often was the DPDST used by: upper-level management, marketing per

sonnel, and front-line personnel."

The responses varied by managerial level. Upper-level management felt that

they used the tool at least monthly while mid-level managers felt that upper-

level msinagement seldom used the tool.

Regarding marketing's use of the tool, again upper-level management dif

fered from mid-level managers in their responses. Upper-level management

responded that marketing personnel would use the DPDST dsiily while mid-level

management reported that marketing personnel would use the tool weekly.

This difference was due in part to how peirticipants interpreted the ques

tion. It became clear from in-depth interviews that many of the responses to the

written interview were based upon expectations of future use of the tool after it

was incorporated into normal activities. Therefore, the differences in the

responses suggests differences in perceptions regarding future use of the tool.

However, in both cases, it was perceived that the tool would be used frequently

by mairketing personnel and less frequently by upper-level management. No one

interviewed felt that front-line personnel would ever use a tool of this nature.
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Question five, "What do you believe to be the principle uses of the DPDST?"

yielded several responses. The primary responses coincided with comments in

in-depth interviews. The uses, both experienced and anticipated were:

1. cost analysis,

2. profit and loss analysis,

3. system impact of potential new business, and

4. individual account profitability analysis.

This implies that the ability of the DPDST to suggest prices by measuring

several different dimensions of price is perceived to be of greatest use in auxil

iary and supporting functions to price establishment rather than directly estab

lishing prices.

However, this observation should be moderated since everyone enthusiasti

cally expressed a desire to use the prototype in completing bids for new busi

ness. This should allow the expansion of the utility of the DPDST and will be

discussed in some detail in part V of this dissertation.

Question seven asked the influence of the DPDST on brokering. No one felt

that the DPDST would influence brokering in any way, directly or indirectly. This

was surprising to the author since it was anticipated that brokers or owner oper

ators might be employed at an increased frequency if costs greatly exceeded

price due to excessive non-revenue activity. It was suspected that these costs

could be transferred to third parties, increasing system efficiencies. This suspi

cion proved to be unfounded both in written and in-depth interviews.

Question eight addressed the role of the DPDST on contract or dedicated

business. All respondents reported that the DPDST had no influence. However,

in-depth interviews universally revealed that they expected it to be used in

future negotiations. The discrepancy appears to be due to timing and the lack of

ongoing negotiations during the placement of the prototype. Also, some partici-
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pants expressed the wish that the tool had been available a few weeks earlier

during a particularly long and involved contract negotiation. If this had been the

case, the response to this question may have been somewhat different.

Question nine dealt with the role of the DPDST in negotiations of total logis

tics services. It was reported that the tool would be used to analyze unit busi

ness and was used to assist in developing costs. It was felt that the tool held

great potential in this area.

Question ten dealt with any conflicts that occurred in implementing the

system. Time and training were the most often mentioned complaints. Problems

with data conversion also was mentioned. There is little doubt that this last com

plaint was mentioned because of the great effort that was required on the part of

the industry partners to provide the exhaustive transaction data (in a variety of

formats and on multiple occasions). This heroic effort on their part was and con

tinues to be greatly appreciated by the author. It is anticipated that much of the

data transfer and manipulation will be automated in the future, resolving much

of the difficulty mentioned. This data automation will be further discussed in

part V.

Question eleven dealt with any conflicts that the tool helped resolve. The

responses ranged from profit and loss lane analysis to "reality versus 'gut'."

These responses have been mentioned previously in the general discussion of

benefits of the prototype.

Question twelve asked if the DPDST might influence corporate policy on

such items as allocation of overhead or shared costs. Both in-depth and written

interviews reported no. However, one participant did respond that, although the

DPDST did not have any influence at present, perhaps in the future it could

influence such corporate policy.
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When asked, in question thirteen, if the DPDST would drive down variabil

ity (variation in prices, profits, etc.), responses were in the affirmative. This,

again, will be an area that will be investigated more thoroughly in future

research.

The respondents varied in their responses to question fourteen of the writ

ten interview. The question asked for the attributes or features of the DPDST

that provided the greatest benefit. The responses were:

1. "sanity check" in pricing

2. zip to zip pricing

3. ability to use a large amount of historical data

4. ability to see impact of time on total cost

5. histogram feature helps in identifying bad data

The second response, zip to zip pricing, was due to the ability of the proto

type to measure costs and suggest prices on 5-digit zip code pairs. Currently, the

industry partners are not able to measure costs on such a precise basis. Their

current ability might include a "freight pocket" as an origin or destination that

could have a diameter of over 100 miles.

This would give the potential of being off as much as 200 miles or more in

some geographic market segments for cost calculation purposes or for non-reve

nue information. The ability to focus the historical data more precisely seemed

valuable, particulmly in some situations.

The fourth response was important since currently, many corporations

base costs completely on a per mile basis. Others base fixed costs on a time

basis while measuring variable costs on a per mile basis. In these situations,

time is not captured precisely on the non-revenue side. It is common to average

all non-revenue costs evenly across all shipments by assigning all shipments a

corporate average for all non-revenue miles and non-revenue time. The ability of
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the DPDST to extract from the data precise measurements of non-revenue activ

ity on geographic market segment bases was considered valuable.

The fifth response addressed the identification of bad data. Some geo

graphic market segments allow tractors to sit idle for a day or more at a com

pany terminal while the driver rests. The equipment is considered to be out-of-

service during these times. However, the historical data does not flag these activ

ities.

Users of the prototype needed to identify when measured costs and sug

gested prices were driven by such occurrences. The histograms reveal these data

problems by showing a large percentage of shipments in some geographic mar

ket segments that recorded linehaul times as much as 24 or 48 hours longer

than would be expected. When this occurred, the industry partners did not base

measured costs and suggested prices on averages for the particular geographic

market segment.

Question fifteen dealt with the features of the prototype that created the

greatest aggravation or concern while being used. There were two categories of

responses to this question, 1) a lack of reporting features and 2) a lack of user

friendliness. Discussion about reporting features will be included in part V. An

example of the lack of user friendliness included the manner in which the proto

type forced the user to choose between 3- and 5-digit zip codes when viewing the

historical transaction database table. Another was the way that the prices can

either be based upon historical data, averages, or market pressures. It would

seem that the latter concern should exist with or without the DPDST. However,

this is not always the case. Therefore, when the DPDST forced the users to com

pare and harmonize the many different dimensions of price, some found this

new wealth of information overwhelming and too time consuming for their liking.
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Question sixteen asked how open in negotiations the industry partners

would be with the information provided by the tool. The answers ranged from

1) not open, to 2) some, to 3) very open. This responses to this question seemed

to vary more than any other question. Continued use of the prototype will be

needed to clarify the role it will actually take in negotiations.

Question seventeen asked how the respondents expected the tool to help in

the establishment of customer service levels. The respondents felt that the tool

could help identify the "best" or most profitable customers. This would allow

management to adjust service levels from customer to customer or from geo

graphic market segment to geographic market segment depending upon profit

ability or costs.

Question eighteen asked how the tool might influence customers. Respon

dents felt that the tool would not influence customers unless there was an eco

nomic shift in the market resulting in a "sellers market." Again, if further use of

the DPDST prototype shows that it is used a great deal in negotiations, this

response could conceivably change, but is a question that will have to be left for

future research.

Responses to question nineteen proved to be interesting. It asked if com

pany prices follow measured costs. Mid-level managers who spent the most time

with the tool responded that they did not while upper-level management felt that

prices did follow measured costs.

In spite of this discrepancy, in-depth interviews showed that upper-level

management understands that some geographic market segments do not cover

totcdly allocated costs and are subsidized by more profitable geographic market

segments that receive excessive profits. For example, as mentioned previously,

an industry partner charged $1.33/mile from Olive Branch, MS to Phoenix, AZ
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which was $0.11 /mile in excess of fully allocated costs. However, it usually lost

money returning to an eastern city such as Atlanta, GA. Management hopes

that, on balance, the two shipments are profitable. All respondents expressed

this same view during in-depth interviews, in spite of the differing responses to

the written interview. This may show that upper-level management views the

question from a system perspective while mid-level managers view the question

from a shipment by shipment perspective.

Questions twenty through twenty two were discussed in the earlier sub

section on economic value (see page 196). However, these questions also deserve

passing mention here since they deal with how the users perceived the tool.

Everyone involved with the project felt that the DPDST was valuable and that the

tool should continue to be developed.
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Summary

The development of the DPDST proceeded as was proposed in part III. It

incorporated all of the aspects of pricing explored and discussed in the earlier

peirts of this work. Software development of a prototype of the system was

accomplished in stages, as discussed, and was successful in incorporating

nearly all aspects of the DPDST.

Once a usable prototj^e was available, the software was placed on-site with

industry partners, and validation procedures were implemented. Vcdidation

efforts had to be somewhat curtailed in breadth because of the time-commit

ments involved in the validation process on the part of the industry personnel

who evaluated the prototype. The time investment and the significant coopera

tion of the many personnel involved were greatly appreciated by the author

In spite of the imposed limitations, the validation outcomes were positive.

They show that the DPDST, both in general as a theoretically-based pricing sys

tem and in its software form, can have a positive impact on industry, and should

be further developed and improved.
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Part V

Conclusions and Future

Directions



Introduction

This part of the research will consist of four sections; 1) Introduction,

2) Conclusions of this research. 3) Plans for continued research, and 4) Sum

mary. The research has explained the need for a dynamic pricing system in

part I and established a theoretical foundation upon which to build the dynamic

pricing suggestion system in part U. The research objectives were designed to

develop a Dynamic Pricing Decision-Support Tool (DPDST) that would include all

theoretical dimensions of price and to automate the DPDST with a software pro

totype that could be used and tested by industry partners. The research objec

tives then proposed that the research validate the value of the pricing system in

industry through measurements of the industry partners' experience.

All objectives were met and the DPDST was found to be a valuable tool that

does not currently have a counterpart in the TLMC industry. The genersil value

of the tool to industry was illustrated primarity by the reactions of multiple

industry experts and practitioners from many distinct backgrounds that uni

formly expressed positive reactions to the software prototype. Specific, detailed

validation of the DPDST was the weakest part of the research due to the limited

number of industry partners participating in this specific part of the study. Gen

eralization of the validation results of the study to the industry as a whole is rea

sonable but statistically unproven.

Future research will concentrate on improving and enhancing the statisti

cal qusility of the validation of the DPDST in industry. Efforts will be concen-
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trated on further evaluation of the value or worth of the DPDST both to the

industry partners who participated, as well as to a wide variety of TLMC's.

In addition, improvements will be made to the software prototype. Some

suggestions for these improvements have already been made by industry part

ners, others will be mentioned in the following. These improvements will cover

both efforts to fulty incorporate all the theoretical aspects of the DPDST as dis

cussed in part IV, as well as efforts to enhance its "user-friendliness," and there

fore utility to a wide range of TLMC's, as directed by user feedback.
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Conclusions

This reseairch led to the following conclusions:

1. A DPDST Can be Developed that Incorporates all Dimen
sions of Price and it Can be Automated

By utilizing all dimensions of price touched on in parts I and II, and further

elucidated in part III, it was found that a fully functional Dynamic Decision-Sup

port Tool could, in fact, be developed. This development was accomplished, as

discussed in part IV. As further proposed earlier in the dissertation, the DPDST

was, in fact, operationalized in the form of a software prototype. The process of

developing both the DPDST and its prototype required many "stutter steps", with

frequent feedback from industry partners. However, the goal eventually was

accomplished, and the prototype was placed on site with industry partners for

the vedidation phase.

2. Partial Implementations of the DPDST (Lower Dimensional
Pricing Systems) Proved to be of Marginal Utility

One of the more iUuminating "stutter steps" encountered during the devel

opment of the software prototype was an attempt to operationalize the system

with only selected dimensions of price incorporated. Although this was done at

the specific request of industry partners (who felt that management had a suffi

cient "feel" for the other aspects of pricing that incorporation of these "other"

dimensions was unnecessary), both the end-users of the prototype, as well as

the author, found that this "non-professional version" was simply inadequate.
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Industry partners generally found this early version to be interesting, but of lim

ited value. However, once all dimensions of price were incorporated either

directly or indirectly into the software prototype, the prototype was found to be

very useful.

3. The Software Version of the DPDST Allows Greater In-depth
Analyses in Price Establishment

The DPDST allows decision makers to consider a variety of information

while establishing prices. This plenitude of information should be contrasted

with the current status quo. Severed industry peirtners shared that it is common

to establish prices by guess-work alone. The einalyses that would seem natured

and necessary in setting a price are so time consuming that they are rarely done.

The DPDST allows decision medcers to dynamically perform sensitivity einalyses

to measure how sensitive profits or costs are to operational or pricing changes. It

also allows the consideration of operational and system cheiracteristics such as

leine imbalances or profit balancing among multiple shipments. The wealth of

information now avedlable should promote better and more profitable decisions

and increased confidence in the decision-making process.

4. Management Needs Training to Take Full Advantage of the
DPDST

A surprising point that came to light during the work with the industry

partners, was the inability of many users to take full advantage of the power of

the prototype. It quickly became clear that this inability stemmed from the fact

that they were not accustomed to consider all aspects or dimensions of price

before making an offer.

Furthermore, users of the prototype often manifested a lack of understand

ing of some fundamental principles regarding the establishment of prices. Of
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greatest concern was the lack of understanding demonstrated among mid-level

managers, since they often make the small day to day decisions that cumula

tively determine the profitability of the company.

It became clear that users of the DPDST prototype, in order to tsike full

advantage of the pricing system, generally need to be trained in the theoretical

background of the system to establish an understanding of the fundamental

principles regarding pricing. They would then better be able to incorporate all

dimensions of price into the decision-making process.

Once the users were well grounded in the theoretical foundation, they

would benefit further from trsiining in use of the software tool. The translation of

theory to the "rezd world" often needs assistance or training. The implementation

of the DPDST is no exception in this regard. Training on how to take full advan

tage of the tool should jdeld large dividends.

5. Research Suggests that the DPDST will be Welcomed by
Industry

Throughout the experience of developing the DPDST, the many participants

in the research have universally been supportive and positive. These have

included both industry partners directly involved with the development of the

DPDST, as well as other experts in the field, both in education and in industry.

None have suggested that the abilities provided by the DPDST were unneces

sary, unneeded, or even already available. Rather, all have responded that the

ability should greatly enhcince the pricing decision-making process. Those who

have examined and commented on the system have ranged from presidents Euid

board members of TLMC firms to academicians. Some even admitted that they

had unsuccessfulty attempted to build a similar system. All evidence suggests

that the DPDST should be welcomed by the industry.
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6. The Availability of the Information Provided by the DPDST
Closed the Distance Among the Functional Silos of Pricing,
Marketing, and Operations

Another unexpected finding from the on-site experience with industry part

ners w£is the d5Tiamic interplay it induced among the functional silos of pricing,

marketing, and operations. This became more common the longer the prototype

was used by industry partners. Comments such as "that is a marketing prob

lem," or "that is an operations problem" became increasingly frequent. These

were not antagonistic comments nor excuses, but rather led to discussion and

interaction with the appropriate personnel. In fact, generalty all persons involved

seemed to be in agreement eis to how a problem should be solved. The DPDST

seemed to provide a means of communicating necessary information to move

problem solving from the finger pointing stage to the cooperative problem resolu

tion stage.

7. The Incorporation of the DPDST Will Give Firms a Competi
tive Advantage

The economic section of the written interview revealed that msuiagement's

understanding of market segment profitability was enhanced while using of the

DPDST. Further, the DPDST exposed operational characteristics of the industry

partner's systems that had been hidden before implementing the DPDST, and

thereby increased understanding by management. For example, information

regarding lanes that feed into or out of a geographic market segment was not

readily available before implementation of the DPDST. Therefore, information

regcirding lane imbEilances was better understood through the use of the DPDST.

Fineilly, costs could not be calculated precisely on a lane-by-lane basis prior

to implementing the DPDST. Through the use of the DPDST, the industry part

ners were able to do these calculations. This ability allowed the industry partner
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to incorporate greater efficiencies into the system and to improve pricing prac

tices. Both of these benefits provided by the DPDST should translate into com

petitive advantage.
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Future Directions

Future research plans fall into three categories, l)improving the statistical

validation of the value of the DPDST, 2) increasing the depth of the current

research and 3) expanding the breadth of the current research. The following

sub-sections will discuss these two research thrusts.

Improving the Statistical Validation of the
Value of the DPDST

As mentioned previously, the part of the research that left the most to be

desired was the statistical validation, particularly of the perceived value of the

DPDST prototjrpe. Much of the difficulty had to do with the intensive time com

mitment required to give full and accurate responses to the written interview. It

is hoped that as improvements are made to the prototype, particularly to

improvements in functionality, time required for evaluation of the prototype will

be significantly reduced. Further, familiarity with the programmed prototype

should increase, further reducing evaluation time.

As evaluation time is decreased, further, more in depth evaluation of the

impact of the system and its prototype will be made possible. To further broaden

the evaluation of the DPDST, it is hoped that many other participants, from a

wide range of TLMC companies will become involved. The most significant valida

tion of the system would be if it proves to be of value to multiple companies and
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operating systems. This process of extensive validation is expected to be an

ongoing effort.

Increasing the Depth of the Current
Research

One of the most frequently mentioned issues brought up by upper-level

mansigement was the lack of reporting features in the softwEire prototype. This

was felt to be its greatest shortcoming. For example, management wanted to be

able to print reports on lane imbalances and system profitability. They also

wanted to see the impact of new business on the existing system. This last point

is subtle since a new shipment might be unprofitable, but still improve system

profitability because of lane balance issues or because it might be less unprofit

able than other transactions that it might replace.

Mid-level managers (the personnel that used the software the greatest

amount) felt that user-fi-iendly features were the greatest concern. Currently,

users feel that the interface is too time-consuming to use. The area of greatest

frustration came from the manner in which the prototype forced the user to

input the origin and destination identification. This interface should be refined

in conjunction with end-users to optimize its usability.

Other areas that require greater development in the software me computer

programming related. For example, a written users' manual and on-line help are

items that users requested. Also, programming "bugs" exist in the program. If a

user is not careful, it is possible to input inappropriate data into some areas of

the program as it currently exists, and the data will be accepted and used in

unpredictable manners. Also, the programmed prototype occasionally experi

ences "crashes". This is infrequent enough that such occurrences did not

214



adversely influence the current research, but it does offer an opportunity for

improvement. Finally, the speed of the prototype should be improved in a few

aspects. This will allow the scope of the program to be increased. This will be dis

cussed in the next sub-section.

Expanding the Breadth of the Current
Research

Placing the software prototype on-site with industry partners has allowed

the limitations of the DPDST to be starkly manifested. Typically, any limitation

comes from the restricted scope of the system and tool. For example, manage

ment of the industry partners has expressed a desire to incorporate into the pro

totype the ability to suggest prices for electronic lists of geographic market

segments for purposes of bidding.

In fact, everyone enthusiastically expressed a desire to use the prototype in

completing bids for new business. These bids, at present, often take more than

four days of full-time effort to complete. If the price suggestions could be

"batched" so that they could all be done without user intervention, the DPDST

could be used to complete the bid propossils. This would probably become one of

its primary uses. The ability to "batch" these suggestions is an ability that was

not anticipated but should be easy to implement. This should allow the expan

sion of the utility of the DPDST.

As the research unfolded, the recurring theme that marketing, pricing and

operations need to work in concert, harmonizing all activities of the company

kept surfacing. Therefore, it became common to hear the industry partners say

that a historical price was unprofitable but that the solution to the unprofltabil-

ity was a marketing or operations responsibility rather than a pricing problem.
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Because of this interplay, many of the requested additional features to the soft

ware prototype were operational in nature. For example, management expressed

a desire to identify "freight pockets." They weinted to be able to automatically

locate geographic areas that have high activity levels. They will then use this

information to focus marketing efforts.

One of the principal bottlenecks in the implementation of the prototype was

the tremendous effort needed to update the data. This will be automated in the

near future, allowing the industry partners to update their data as often as they

desire.

This effort has been facilitated recently with improvements and expansions

of the information systems used by TLMC's. For example, the industry partners

now collect fuel tax rate information and will soon be able to update the fuel

database as often as desired. Previously, this information had to be entered by

hand.

Another technology that has recently been developed that furthers these

efforts is the improvement of ODBC links that simplify the connecting of PC

based programs with databases on separate computers and computer systems

such as an IBM AS/400. The downloading and updating of the data can now be

initiated and controlled from the PC. In fact, the automation of this feature can

be as simple as inserting the command to update the data files as a menu option

in the softwsire prototype.

When asked, in question thirteen, if the DPDST would drive down variabil

ity (variability in prices, profits, etc.), responses were in the affirmative. This,

again, will be an area that will be Investigated more thoroughly in future

research.
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Summary

The need for a Dynamic Pricing Suggestion System became clear as the

importance of pricing in general, and specifically as it relates to the truckload

motor carrier industry was explored in part I and part II of this dissertation.

Research questions were proposed in part III that focused the direction of devel

opment of the DPDST as a tool.

These questions also explored the need for a usable prototype of the DPDST

in order to confirm the value of the system to industry. It quickly became obvi

ous that a usable prototype of the DPDST would need the power of modern-day

computers to reach its full utility. A software prototype of the system was there

fore proposed. The last six research questions involved validation of the useful

ness and worth, both economic and otherwise, to the TLMC industry.

Although some partial answers to the research questions were illuminated

through the literature review presented in part II, answers to the research ques

tion were completed in part IV. The full DPDST was developed, incorporating all

the diverse aspects of pricing. Part IV also presented the development of the

operational software prototype and its placement on-site with industry partners.

A measurement of the value of the DPDST to industry was obtained 1) through

the evaluation of the reaction of industry partners to the prototype, and

2) through measurement of the economic impact of the prototjqse on the indus

try partners' operation. The evaluation of the reactions of industry partners to
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the prototype were obtained both through written and in-depth interviews with

upper- and mid-level managers.

The perceived value of the DPDST was highly favorable among all users,

although problems, mostly involving usability of the software prototype itself,

rather that with the DPDST as a theoretical system, were expressed by some

respondents. There was general consensus among responses to the written

interview that the DPDST and its software prototype merits investment in future

development and refinement of the software by Industry partners. In a sense,

this comment, in and of itself, is a strong indicator of the value of the DPDST

system.

The economic value of the DPDST came from its ability to refine manage

ment's understanding of their own pricing system. For example, the DPDST did

change management's belief regarding system costs and profitability. It is diffi

cult to put a numeric value on the economic impact of the DPDST, but mid-level

managers suggested that $5,000 to $10,000 should be invested in the future

development of the prototype. The potential economic impact of the DPDST to

aimual profitability appeared to be much greater than this number.

Although the DPDST as a system appeared to be theoreticalty sound, the

software prototype that was developed was not a perfect piece of software.

Future research will continue the validation of both the theoretical system and

of the software. The scope of the validation will be expanded to better represent

the TLMC industry as a whole. The software prototype will continue to be devel

oped and refined, guided both by improvements in the DPDST as well as by sug

gestions from end-users of the programmed prototype. It is hoped that this

DPDST, both as a theoretical system and as a software tool, will prove to be a
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valuable aid in management of the TLMC industry, and perhaps in other indus

tries as well.
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