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(ABSTRACT) 

The value-based approach to defining quality was used to investigate the value 

perceptions of softwood lumber treaters in the United States. Conjoint measurement techniques 

were used to estimate the trade-offs treaters make between quality enhancing attributes and 

price. Five intrinsic lumber attributes and five service attributes were chosen for inclusion in the 

study based on Hansen (1994) and personal interviews with treaters. Price was represented in 

the study relative to the current market price. Data were gathered in two stages through mail 

surveys of softwood lumber buyers at treating plants located in the United States. In the first 

stage, value ratings of 20 hypothetical combinations of lumber attributes and 20 hypothetical 

combinations of service attributes were obtained along with demographic information. In the 

second stage, value ratings of 20 hypothetical total products (combinations of both lumber and 

service attributes) were obtained. 

Utility functions for lumber value and service value were determined using ordinary least 

squares regression. Treaters gave the most importance to wane when evaluating the value of 

lumber packs. Price emerged as the second most important attribute in influencing treaters' 

perceptions of lumber value. Respondents considered the importance of the remaining lumber 

attributes in the following order: accuracy of grading, damage to lumber pack, and lumber 

straightness. A model to estimate the value of any combination of the attributes included in the 

study was developed. Simulation results suggest that treaters are willing to sacrifice $15.00 

more per a thousand board feet for wane free lumber versus lumber with the maximum



allowable wane. In the same fashion, respondents’ price sensitivity to other lumber attributes 

was determined. 

A service value utility function was developed based on the perceived value ratings. 

Price was the most important attribute in determining service value perceptions. Among all 

service attributes, lumber availability emerged as the most important. The second most 

important attribute in the determination of service value was reputation of the supplier. 

Respondents considered the supplier's ability to deliver lumber when promised as the third 

most important service attribute. The attributes, Supplier's ability to handle problems 

professionally and the ease with which supplier can be contacted by phone played a minor role 

in influencing service value. 

Based on the lumber value and service value analyses, lumber and service attributes 

were chosen for the final stage of data collection. Using a mail survey, perceived value ratings 

for hypothetical total products (lumber and service attributes) were obtained from the same 

respondents who provided data for the first stage of the analysis. Respondents in general, 

gave more importance to lumber quality than to service quality. Wane emerged as the most 

important attribute in influencing total product value. Price was considered to be the second 

most important attribute in the determination of perceived total product value. Respondents 

gave more importance to /umber availability than to reputation of the supplier while evaluating 

overall value. Accuracy of grading was considered to be the least important total product 

attribute. 

The results show that softwood lumber firms can differentiate themselves by providing 

wane free lumber and providing at least average service quality to their customers. The 

improved understanding of treaters’' needs and trade-offs should enable softwood lumber 

companies to plan the marketing strategies to achieve short- and long-term objectives while 

providing the most value to treaters.
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CHAPTER 1 

INTRODUCTION 

In this chapter, the objectives of the study will be presented before introducing the 

general concepts of quality and the various approaches to defining quality. Following this, the 

justification for undertaking this study will be presented. A summary will be provided before the 

conclusion of this chapter. 

1.1 STUDY OBJECTIVES 

Providing a quality product is important if a company is to succeed in the current 

business environment. Among the five approaches to defining quality (Garvin 1988), the value- 

based quality approach is gaining momentum because customers purchase products based on 

value more than any other criterion. This value reflects the trade-off customers make between 

the expected benefits of a product and the cost of obtaining it. 

Given the importance of value-based quality approach to the successful marketing of a 

product (good or service), the following objectives were formulated: 

1. Determine the effect of price and product attributes on buyers' perceived softwood 

lumber value when service attributes remain constant and formulate a perceived lumber 

value model. 

2. Determine the effect of price and service attributes on buyer's perceived service value 

when product attributes remain constant and formulate a perceived service value model. 

3. Determine how consumers make trade-offs among price, product attributes, and service 

attributes while evaluating total product value and formulate a total product value model. 

4. Recommend strategies for softwood lumber suppliers most effectively to offer high value 

lumber and services to their buyers.
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1.2 OVERVIEW OF QUALITY 

The term quality is one of the most overused in today's literature, speeches, and 

customer complaints (Farsad and Elshennawy 1989). Past research indicates that providing a 

total quality product has become a necessity, rather than a luxury, if a business is to survive in 

today's competitive business world (Garvin 1988). If a firm fails to provide quality products 

and/or services, it is bound to falter due to unsatisfied customers (Leonard and Sasser 1983). 

In addition, effective quality programs contribute to the success of products through cost 

reductions, increased productivity, increased market share, and enhanced profitability 

(Feigenbaum 1980, Garvin 1984, Shetty 1987). 

Conversely, ineffective quality programs contribute to product and company failure. The 

literature on quality indicates that unsatisfied customers spread (through word of mouth) a bad 

image of a company faster than satisfied customers spread a good image. Studies conducted 

by Ford Motor Company (Shetty 1987) show that a satisfied customer, on average, praises a 

car to eight other people, while a dissatisfied customer complains to 22 people. 

In Japan, quality is viewed from a different perspective. There it is said that a manager 

who trades away quality to save a little cost is "worse than a thief” (Taguchi and Clausing 1990, 

p. 75). The argument behind this statement is that when a thief steals $200 dollars from a 

company, there is no net loss in wealth between the thief and company, instead there is just an 

exchange of assets. However, when a company makes decisions that results in quality losses, 

it is throwing away social productivity and the wealth of society (Taguchi and Clausing 1990). 

Therefore, ineffective quality causes not only customer dissatisfaction but also a loss of 

productivity.
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1.2.1 Quality Eras 

Quality has a long history; it has been with us for millennia. However, quality emerged 

as a formal management function only a few decades ago (Garvin 1987). Quality now includes 

functions of not only manufacturing and operations departments but also purchasing, 

engineering, and marketing research (Garvin 1988). The modem approaches to quality have 

emerged gradually. These approaches are the result of a series of discoveries that spanned 

more than one-hundred years. In the U.S., these discoveries can be organized into four distinct 

"quality eras": inspection; statistical quality control; quality assurance; and strategic quality 

management (Garvin 1988). 

During the eighteenth and nineteenth century, quality control was confined to inspection 

and was therefore limited to such activities as counting, grading, and repair. However, these 

inspection activities were formally linked to quality control only in 1922 with the publication of 

the book The Control of Quality in Manufacturing by G.S. Radford (Garvin 1988). 

According to Garvin (1988), the first scientific footing for quality was established in 1924 

with the formation of an Inspection Engineering Department, which later became the Quality 

Assurance Department of Bell Laboratories. The purpose of this department was to address 

the question “how could the maximum amount of information about the quality of units be 

extracted from the minimum amount of inspection of data? And how should that data be 

presented?" (Garvin 1988, p. 6). The group of people who worked in the Bell Laboratories was 

largely responsible for the development of the statistical quality control era. 

During the quality assurance phase, Feigenbaum (1956) took the principle of quality a 

step further by proposing “total quality control" (TQC). According to Feigenbaum (1956, p. 

94,98 ) "the underlying principle of this total quality view. . . is that, to provide genuine
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effectiveness, control must start with the design of the product and end only when the product 

has been placed in the hands of a customer who remains satisfied . . . the first principle to 

recognize is that quality is everybody's job" (italics in original). His concept called for sharing of 

quality responsibility by marketing, engineering, purchasing, and manufacturing. 

The concept of strategic quality management was adopted in early 1980s by American 

managers from the dramatic inroads made by Japanese manufacturers with their superior 

quality and reliable products (Garvin 1988). A realization of the importance of quality and the 

relentless pursuit for quality has allowed General Motors, Ford, and Chrysler Corp., to 

successfully compete in recent years (Greising 1994). Due to the quality increases of the past 

few years, U.S. businesses are able to compete in today's global economy. Nowadays, top 

executives associate quality with profitability, define quality from the customer's point view, and 

require inclusion of quality in the strategic planning process (Garvin 1988). According to Price 

Waterhouse accounting and consulting firm's survey, the majority (78%) of U.S. businesses 

regard quality as the most important factor in maintaining their competitive edge (Schlossberg 

1991). Therefore, it is essential for managers and marketers to determine what quality is and 

how it is defined in their industry. 

1.2.2 Definition of Quality 

One can find countless definitions of quality in the literature. Garvin (1988, p. xi) admits 

that "Quality is an unusually slippery concept, easy to visualize yet exasperatingly difficult to 

define.” The following definitions are provided to give an idea of how varied definitions of 

quality have been:
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"Differences in quality amount to differences in the quantity of some desired 

ingredient or attribute" (Abbott 1955, pp. 126-27). 

“Quality means best for certain customer conditions. These conditions are (a) 

the actual use and (b) the selling price of the product” (Feigenbaum 1961, p. 1). 

“In the final analysis of the marketplace, the quality of a product depends on 

how well it fits pattems of consumer preferences* (Kuehn and Day 1962, p. 

101). 

“Quality consists of the capacity to satisfy wants . . ." (Edwards 1968, p. 37). 

"All the actions that involve doing it right the first time" (McConnell 1968, p. 
301). 

"Quality is neither mind nor matter, but a third entity independent of the two. . . 

. even though quality cannot be defined, you know what quality is" (Pirsig 1974, 

p. 201, 237). 

“Quality is the degree to which a specific product conforms to a design or 

specification” (Gilmore 1974, p.16). 

"Quality is fitness for us" (Juran 1974, p. 2). 

“Quality [means] conformance to requirements* (Crosby 1979, p. 17). 

*. .. a condition of excellence implying fine quality as distinct from poor quality. 

. Quality is achieving or reaching for the highest standard as against being 
Satisfied with the sloppy or fraudulent’ (Tuchman 1980, p. 38). 

“Quality refers to the amounts of the unpriced attributes contained in each unit 

of the priced attribute” (Leffler 1982, p. 956). 

“Quality is the degree of excellence at an acceptable price and the control of 

variability at an acceptable cost" (Broh 1982, p. 3). 

“Good as a noun rather than as an adjective is all the metaphysics of quality is 

about’ (Pirsig 1991, p. 409 ).
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1.2.3 Five Approaches to Defining Quality 

It is evident from the earlier definitions that people define quality differently. However, 

each one of these can be related to one of Garvin's five principal approaches to defining quality: 

transcendent, product-based, user-based, manufacturing-based, and value-based (Garvin 1984). 

In the transcendent view, quality is synonymous with “innate excellence” (Pirsig 1974). 

Proponents of this view claim that quality cannot be defined precisely. "Rather it is a simple 

and unanalyzable property that we leam to recognize only through experience" (Garvin 1984. p. 

25). In contrast, product-based definitions advocate quality as a precise and measurable 

variable. Differences in the quantity of some ingredient or attribute possessed by a product 

leads to differences in quality (Abbott 1955). Thus quality depends on inherent characteristic of 

goods rather than as something ascribed to them and can be assessed objectively (Garvin 

1988). 

According to the user-based definition, quality “lies in the eyes of the beholder" (Garvin 

1988, p. 43). Individual customers are assumed to have different needs and wants, and they 

regard those goods that best satisfy their needs and wants as having the highest quality 

(Edwards 1968, Kuehn and Day 1962). Unlike the user-based definition of quality, the 

manufacturing-based quality definition focuses on engineering and manufacturing practices. It 

identifies quality as “conformance to requirements" (Crosby 1979, p.13) and advocates "making 

it right the first time" (Garvin 1988, p. 44). 

The final approach to quality (the value-based approach) defines quality in terms of 

costs and benefits. According to this view, a quality product is one that provides performance 

or conformance at an acceptable price or cost (Holbrook and Corfman 1985). This view of 

quality has become prevalent among consumers (Garvin 1988).
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With the exception of the transcendent quality definition, which is more abstract in 

nature, the rest of the approaches to defining quality are interrelated. In order to compete 

effectively, a company should rely on all four approaches to deliver a quality product to its 

buyers. First, one has to take a user-based approach to identify all the important quality 

attributes of a product, in relation to buyers' perceptions. The value-based approach should be 

taken to identify which of the important quality attributes affect the value of a product positively, 

and what is the relative impact of each quality attribute on the value perceptions of buyers. 

After identifying the important quality attributes and their effect on the value of a product, one 

should take the product-based approach to translate quality characteristics that creat value to 

buyers into measurable product attributes. The manufacturing-based quality approach ensures 

that the manufacturing process is set-up to produce products which meet specifications. 

Hence, the user-based and value-based quality approaches are the stepping stones for the 

delivery of a final quality product. 

1.2.4 Importance of the Value-Based Approach 

In the past, some companies paid too much attention to the methodology of quality (a 

manufacturing-based and product-based approach); cost cutting, defect reduction, quicker cycle 

times, continual improvement, etc. In doing so, these companies paid little attention to what 

customers wanted and what features add value to the product that is delivered to customers. 

Varian Associations Inc., United Parcel Service, Federal Express, General Telecommunications 

(GTE), and Florida Power and Light Co. fell prey to in this obsession and saw their profits erode 

(Greising 1994). These and other companies defined “quality” from their view point in isolation 

without placing it in the context of customer value. Now, these companies, along with others,
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realized that they must redefine the concept of quality in terms of “Return On Quality" (ROQ). 

Therefore, quality must be defined in the context of customer value. 

According to the ROQ concept, a company should offer products that create value to 

customers. The proponents of this concept advocate that companies should focus on 

customers by determining what they want, without rejecting the previous concepts of quality 

such as better product design, statistical bench-marking, and swifter manufacturing (Greising 

1994). Companies should deliver products and services that are of value to customers. 

Michael E. Reed, Managing Director of operations at Federal Express Corp. said "we are trying 

to isolate quality improvements that just don't add value to the service that is delivered to 

customer” (Greising 1994, p. 55). Federal Express Corp. now adopts a value-based approach 

by stressing accuracy over speed to provide quality services to their customers. 

As customers are vital to the quality formulation, this study will define quality in 

softwood lumber based on customer definitions by utilizing a value-based approach. 

Specifically, this study will investigate how softwood lumber buyers trade-off various quality 

attributes when price is introduced into the decision. 

1.3 PROBLEM STATEMENT AND JUSTIFICATION 

Forest products is an important U.S. manufacturing industry. In this industry, softwood 

lumber plays a vital role in terms of total production as well as consumption. Softwood lumber 

accounts for approximately three-quarters of total lumber production in the U.S. (U.S. Industrial 

Outlook 1994) and 82% of total lumber consumption in the U.S. (American Forest and Paper 

Association 1994). In 1993, softwood lumber consumption was 46.192 billion board feet 

(American Forest and Paper Association 1994). Consumption is expected to rise to 56 billion
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board feet by 2040 (United States Department of Agriculture Forest Service 1990). Figure 1.1 

portrays softwood and hardwood lumber consumption in the U.S from 1984 to 1993. 

The two biggest markets for softwood lumber were residential construction and repair 

and remodeling, which consumed 17.54 and 14.18 billion board feet of lumber, respectively, in 

1993 (Westem Wood Products Association 1994). Lumber use in residential construction 

accounted for 38.3% of total consumption in 1993. 

A major source for softwood lumber is southem pine region which supplied 14.392 

billion board feet of lumber in 1993 (American Forest and Paper Association 1994). In the 

same year, the U.S. exported 2.38 billion board feet of softwood lumber, of which 339.6 million 

board feet were southem pine (American Forest and Paper Association 1994). The United 

States also imported 15.26 billion board feet of softwood lumber in 1993, mostly construction 

grades from Canada (American Forest and Paper Association 1994), which is an increase of 

about 14% from the previous year. Imports represented one-third of all softwood lumber 

consumption in the U.S. (Western Wood Products Association 1994). 

The increase in imported lumber suggests that lumber buyers look for other sources to 

meet their needs if supply is curtailed or lumber quality decreases. If softwood lumber 

manufacturers don't produce quality lumber, they will lose not only domestic market share but 

also international market share. One of the biggest threats in the future for the U.S. softwood 

lumber is radiata pine which is grown as a plantation species in Chile, New Zealand, and 

Australia. Due to environmental restrictions or reduced timber availability in other nations, 

radiata pine producers are expanding their share of markets in the U.S. as well as in Asia 

(Eastin 1993).
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Given the competitive threat from radiata pine and other products in the U.S. as well as 

in the international market, the U.S. softwood industry must differentiate its products from its 

competitors. Manufacturers of softwood lumber can do this by producing lumber which 

customers perceive as having both quality and value. Recent changes in the availability of 

softwood timber resources as well as the globalization of markets, require lumber producers to 

pay close attention to their end products. 

North America is gradually moving away from old growth dependency to second-growth 

forest resources (Widman 1992). The result of this shift is reduced timber quality which in turn 

effects the quality of end products (Hunt 1994). In addition, wood products are entering into 

global market where quality is no longer considered a ‘bonus’ or ‘selling point', instead high 

quality is a must (Bishop 1990). Softwood lumber producers should be marketing oriented, 

instead of production oriented. Sinclair (1992) argues that a shift toward a more substantial 

marketing orientation is necessary for softwood lumber producers to survive in the ever 

changing market place. 

The softwood lumber industry is characterized by producers of commodity or 

standardized products based on a widely accepted system of voluntary product standards 

(Sinclair and Seward 1988). These product standards clearly created efficiencies in lumber 

processing, marketing, and building construction activities. However, it has been argued that a 

system of voluntary product standards tends to drive quality to the lowest common denominator, 

that is, just high enough to meet the standard (Keating 1986). 

Many producers believe that maintaining acceptable lumber quality means they never 

lose a reinspection arbitration (Bishop 1990). With this view in mind, softwood producers 

consider their products as commodities and compete based on strategies other than quality. 

10
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However, Levitt (1986, p. 72 ) states that "there is no such thing as a commodity. All goods 

and services can be differentiated and usually are. . . The only exception to this proposition 

is in the minds of the people who profess that exception." Contrary to general presumptions, 

Levitt (1986) argues that industrial goods and services are more differentiated than consumer 

goods and services. Softwood lumber producers should differentiate their product from the 

competitors and compete based on strategies such as providing quality products and services. 

Since, softwood lumber is graded and sold according to set standards, lumber 

producers may assume that there is no need to improve quality. This curtails the improvement 

process and leads to waste, inefficiency, and missed opportunities (Juran 1988). Hence, 

softwood lumber manufacturers should not commit to merely meeting the required quality 

specifications of voluntary standard grades. Instead, to compete effectively in the ever 

changing business environment, producers must improve constantly every process for planning, 

production, and service which enhance overall quality of the manufactured products (Deming 

1986). 

The consumer segments of softwood lumber are diverse with each having certain 

quality requirements. However, the current grading rules based on structural properties may not 

fulfill the quality requirements of each customer segment. For example, treaters are more 

concerned about the appearance of lumber than the structural properties (Anonymous 1990). 

This may be due to the assumption that lumber graded according to the current grading rules 

will only fulfill the requirements of structural properties. Therefore, softwood suppliers should 

produce lumber that may not be specified in the grading rules to meet the special needs of 

certain customers such as treaters. 

11
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As discussed above, softwood lumber is important to U.S. industrial output, and quality 

is important for the overall success of a product given the competitive nature of many markets. 

Therefore, it is essential that a total product quality approach to softwood lumber be adopted. 

The total product quality approach advocates that quality judgements be based on the total 

product that includes the physical product and its associated services (Kyj 1987). In strategic 

quality management, importance should be given to both physical product quality and service 

quality, because industrial customers evaluate both physical and service quality when evaluating 

the total quality of a product (Kasper and Lemmink 1989). Particularly in a commodity market 

like softwood lumber, both product quality and service quality should influence customers’ 

purchase decisions because many suppliers price the product similarly. 

By assessing how customers perceive quality, one can devise sound strategies that 

might capture a larger market share and result in higher profits (Gale and Klavans 1985). A 

survey of consumer perceptions of quality in twenty-eight product categories suggests that a 

value-based view is becoming more prevalent (Consumer Network, Inc. 1983). This study's 

conclusion was that "quality is increasingly apt to be discussed and perceived in relationship to 

price" (Garvin 1988, p. 46). There is a crucial relationship between customer's perceptions of 

the way products perform and the prices products can command. This is an external view of 

quality which involves customer-perceived quality that is linked to value and customer 

satisfaction (Gale and Klavans 1985). 

The process of exchange is the heart of marketing activity (Kotler and Levy 1969). In 

the exchange process, individuals or groups exchange products of ‘value’ with others (Kotler 

1991). Thus, it is important that marketers adopt a ‘value’ marketing approach. The value of 

12



Vijay S. Reddy Chapter 1 

benefits realized from a product can become a comerstone of marketing strategy in business 

marketing (Anderson et al. 1993). 

It is necessary to measure the value of a product offerings in terms of buyers’ 

perceptions. This is true because, in the final analysis, it is the perceived value of a product 

that plays an important role in inducing the buyer to make purchase. Previous results support 

this notion (Dodds and Monroe 1985, Monroe and Chapman 1987, and Zeithaml 1988). In 

business to business marketing, perceived value should be the underlying consideration that 

drives decisions about product development and modification, distribution alternatives and 

marketing communications (Anderson et al. 1993). Phillips et al. (1983) show that business 

which offer greater value products than competitors gain higher market share. Given the 

fundamental nature of value in business markets, it is critical for managers to understand how 

buyers perceive the value of their product and to leam how it can be enhanced. 

According to Holbrook (1994, p. 27-28): 

Value involves preference . . . favorable disposition... Value is neither wholly 

subjective nor objective but rather entails a subjective-objective interaction. . . . 

Value is relativistic in at least three senses: (a) it is comparative in that it 

depends on a rating or ranking of one object against another; (b) it is personal 

in that it differs among individuals; and (c) it is situational in that it hinges on the 
context within which an evaluative judgement occurs. 

In other words, perceptions of value form through the buyer's favorable disposition 

towards a product which contains quality attributes, and the buyer's previous experience with 

the product. Formation of value is also dependent on the buyer's subjective and objective 

evaluation of a product. It is subjective because value of a product is based on buyer— 

perceived quality and a buyer's perceived monetary sacrifice. Objective evaluation involves the 

buyer's logical verification of a product's attributes. Formation of value requires interaction 

between a buyer and a product. Value judgements are comparative (value depends on a rating 

13
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or ranking of one object against another), personal (value differs among individuals), and 

situational (it hinges on the context within which an evaluative judgement occurs) (Holbrook 

1994). 

Product and service features, along with price, are major decision variables used by 

marketers, particularly industrial marketers, to influence the purchase behaviors of potential 

buyers. These variables are largely under the control of marketers. To effectively make 

decisions regarding these variables, marketers seek knowledge about how buyers use product 

and service attributes and price information in the evaluation of products and services. In other 

words, before making a decision, marketers want to know how product attributes, service 

attributes, and price information will influence the value perceptions of buyers. 

Do buyers use only the attributes of a product and service (ignoring price) when 

evaluating the value of the product and service being offered? Do they base their value 

judgement on price without paying much attention to the product and service features? 

Altematively, do buyers evaluate both intrinsic and price information before formulating the 

value of a product or service? If so, what attributes influence the value perceptions most and 

how sensitive are buyers to these attributes? Will the low price result in a strong value 

perception, or will it detract from the perceived quality of the product and negatively impact 

value? 

Previously it was noted that softwood lumber industry is undergoing some major 

changes due to reduced raw material availability, increased use of secondary or third growth 

timber, and global competition. Therefore, it is necessary to provide quality lumber at a right 

price to buyers to survive in this business environment. It was also brought to the attention that 

the current softwood lumber grading rules do not meet the requirements of various customer 

14
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segments. Therefore, it is vital to understand the lumber quality requirements of various 

customer segments and their sensitivity to price to effectively provide lumber and services to 

create customer satisfaction. By knowing the customer value perceptions, suppliers can include 

only important lumber and service attributes (including price) while communicating with their 

potential or current customers. Realization of buyers’ trade-offs will allow marketers to better 

formulate marketing strategies that emphasize a strong value perceptions of their products. 

This study will utilize a value-based quality approach to provide answers to the above questions 

in softwood lumber industry. The goal of this study was to find answers to the questions raised 

above. 

1.4 SUMMARY 

Providing a quality product is a necessity if a business is to survive in today's global 

market environment. Though the concept of quality has been with American businesses for 

over a one-hundred years, its strategic importance was realized by businesses only a few 

decades ago. in the literature, quality has been defined in many ways. Garvin (1984) classifies 

these numerous definitions of quality into five basic quality approaches. Businesses should 

adapt four quality approaches to successfully market their products. However, the user-based 

and value-based approaches are the stepping stones for other quality approaches. Particularly, 

the value-based approach to quality is becoming more prevalent as customers make their 

purchase decisions based on the value perceptions. 

In the value-based approach, quality is discussed in the framework of price. A buyers’ 

value perception is the function of perceived quality and perceived monetary sacrifice. Buyers 

15
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willingness to pay for a product depends on the perceived benefits they are expected to receive 

from the product. 

Softwood lumber industry in the U.S. has been undergoing some changes, particularly 

in the availability of resources and in the nature of competition. The customer segments of 

softwood lumber are expanding, and the current grading rules may not fulfill all the quality 

requirements of these customer segments. Softwood lumber suppliers should adapt a value- 

based approach to understand their customers' value perceptions and the trade-offs among 

quality enhancing features of lumber. Softwood lumber suppliers may need to pay attention to 

their service quality as it can differentiate one supplier from another when the available lurnber 

quality is the same in the market place. The objectives of this study were formulated to 

investigate the value perceptions of softwood lumber buyers in terms of product, service, and 

total product. 

16
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Figure 1.1 Lumber consumption in the U.S. from 1984 to 1993. 
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CHAPTER 2 

LITERATURE REVIEW 

In this chapter, an overview of softwood lumber and the brief history of its grading rules 

formulations will be presented. In the next section, concepts relating to the quality and value 

will be discussed by reviewing the previous research work. Following this, an overview of 

conjoint analysis and the various steps involved in a conjoint study design will be presented. A 

summary is provided before the conclusion of this chapter. 

2.1 SOFTWOOD LUMBER INDUSTRY 

The production of lumber was one of the first manufacturing industries in the U.S. At 

the beginning of this industry, lumber production was dominated by local mills serving local 

needs. However, dwindling local resources and demand for lumber in other areas forced 

lumber products to be shipped from one region to another (Sinclair 1992). Currently, hundreds 

of sawmills located in different regions of the country produce lumber to meet society's demand. 

In 1993, softwood lumber accounted for 73.7% of the total lumber production in the U.S. 

(Western Wood Products Association 1994). Many species of softwoods are converted into 

lumber in the U.S. However, the major softwood species are Southern pines, Douglas-fir, 

Ponderosa pine, Hemlock, True fir, Lodgepole pine, Cedars, Spruce, Norway (red) pine, Eastern 

white pine, Eastern spruce and Redwood. 

There are five softwood producing regions in the U.S. They are: Southern, West Coast, 

Inland, Califomia Redwood, and Other. Southem pine is the dominant product in the Southern 

region. West Coast region forests are dominated by Douglas-fir and Hemlock species. The 

18



Vijay S. Reddy Chapter 2 

forests in the Inland region are dominated by Ponderosa pine, Lodgepole pine, Douglas-fir, 

Larch and Hemlock species. Redwood and Douglas-fir species are grown in the Califomia 

Redwood region; Red pine, White pine, Balsam fir and Spruce species are grown in the Eastern 

region which falls under the Other category. 

In 1993, total softwood production in the U.S. was 33.346 billion board feet; out of 

which Souther, Inland, and West Coast regions contributed 14.392, 8.283, and 7.740 billion 

board feet, respectively (American Forest and Paper Association 1994). Figure 2.1 details 

lumber production in various regions from 1984 to 1993. The Southern region has been the 

predominant lumber supplying region in the U.S. during the past ten years. Since 1988, 

softwood lumber production in the West Coast region has steadily declined, from 10.029 billion 

board feet in 1988 to 7.74 billion board feet in 1993, a drop of approximately 30%. Production 

in the West Coast region decreased due to restrictions placed on the availability of public lands 

for logging. Production also decreased in the Inland region from 11.348 billion board feet in 

1989 to 8.283 billion board feet in 1993 (American Forest and Paper Association 1994). 

Southem pine production in the Southem region increased from 12.544 billion board feet in 

1989 to 14.392 billion board feet in 1993 and compensated for some of the lumber production 

reductions in the West Coast and Inland regions. 

2.1.1 Souther Pine 

Southem pine is a species group comprised of several varieties of pine grown in the 

southem and southeastem states. The four main species are shortleaf (Pinus echinata), 

longleaf (Pinus palustris), loblolly (Pinus taeda), and slash pine (Pinus elliottii). In terms of 

volume, southem pine lumber is the major softwood lumber produced in the U.S. In 1993, the 
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production of southem pine lumber was over 43% of the total U.S. softwood lumber production 

(American Forest and Paper Association 1994). Figure 2.2 shows the production of southern 

pine when compared to the total softwood lumber production in the U.S for the last ten years. 

Unlike total softwood volume, southem pine production has generally increased (with 

few exceptions) over the last ten years. Moreover, its production is expected to increase 

sharply as the Southem pine region (from Texas to Virginia) has few limitations on timber 

supply (Widman 1992). In addition, the climatic conditions of these states are ideally suited for 

timber growth. The demand for southem pine lumber is also increasing due to environmental 

constraints on the Pacific Northwest timber supply (Lindberg 1992). 

The approximate domestic consumption of southern pine in 1993 was 14.02 billion 

board feet (American Forest and Paper Association 1994). Figure 2.3 provides the overview of 

southern pine consumption when compared to the total softwood consumption over the last ten 

years. The total softwood lumber consumption figure in the U.S. also includes imported lumber. 

For instance, the U.S. imported 15.26 billion board feet of lumber in 1993 (American Forest and 

Paper Association 1994). Prior to 1993, the peak level of southern pine consumption was 12.24 

billion board feet in 1990. However, in 1993 southerm pine consumption reached an all time 

high of 14.02 billion board feet. It should be noted that the consumption of southern pine 

increased during a period when housing starts decreased to a 46 year low in 1991 (Lindberg 

1992). This was the result of southern pine use in industrial, repair & remodeling, engineered 

wood systems, treated residential, and export markets (Lindberg 1992). 

In 1993, 339.6 million board feet of southern pine were exported from the U.S. 

(American Forest and Paper Association 1994). Although exports of southern pine lumber 

showed an increase from 1984 to 1988, they dropped moderately after 1988 (Figure 2.4). 
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However, the demand for southem pine lumber in the export market, particularly in Mexico, is 

expected to increase due to its structural values and its vast supply potential (Southem Forest 

Products Association 1990, Lindberg 1992). By the end of the 20" century, southem pine is 

expected to provide the majority of the softwood lumber produced in the U.S. This will result in 

even more shipments to overseas buyers (Southem Forest Products Association 1990). 

2.1.2 The Use of Southern Pine Lumber 

Southem pine is the preferred species for engineered and framing applications not only 

for its high strength and density, ability to hold mechanical fasteners, but also for its relative 

ease of working, finishing, and treatment with preservatives (Southern Forest Products 

Association 1990). 

The main market for southern pine over the past decade has been for preservatively 

treated wood products. At present, over one-half of southern pine lumber production is 

pressure treated with preservatives. In 1992, 6.2 billion board feet of southern pine were 

treated (Southem Forest Products Association 1993b). Southern pine lumber use in the treated 

industry increased steadily over the last ten years. Figure 2.5 illustrates the volume of treated 

southern pine lumber as compared to total southem pine production. 

Southern pine is one of the preferred species for treatment. The internal structure of 

southem pine permits deep and uniform penetration of preservative chemicals. Unlike other 

species, southem pine lumber does not need to be incised or perforated with a series of small 

slits along the grain of the lumber surface (Southem Forest Products Association 1993b). Due 

to these features, southem pine is the main species used in the treating industry. 
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2.2 WOOD-TREATING INDUSTRY 

Wood is not immune to deterioration if exposed to the natural environment for a 

sufficiently long period. The service life of wood depends on the species of the wood, the 

amount of sapwood present, the use to which the wood is put, and the situation and 

environmental conditions to which it is exposed (Connell 1991). The living organisms that 

causes deterioration in wood generally use it as a source of food. These organisms need food, 

moisture, and air (oxygen) at the right temperature in order to survive. It is difficult to control 

temperature, oxygen, and moisture content in the wood. However, the availability of wood as a 

source of food can be limited to control these organisms. This can be done by treating wood 

with chemicals which are toxic to these organisms. These toxic chemicals (preservatives) make 

wood unattractive as a food source, thus improving the serviceability of wood. 

Naturally durable timber species were used in high deterioration situations for centuries. 

These timbers are extracted from slow-grown natural forests. The decrease in the availability of 

these natural forests over recent years has resulted in the increased use of fast-grown 

plantation species that have high sapwood to heartwood ratios and a lower natural durability 

(Comell 1991). Thus, the need to provide additional protection, usually in the form of chemical 

treatment, has become necessary to increase the serviceability of these wood products. 

The modem industrial preservation of wood began in 1838 with the invention of a full 

cell penetration pressure impregnation process by Dr. J. Bethel (Connell 1991). Following this, 

the treatment of sleepers and poles with creosote (coal tar oils) via pressure impregnation grew 

rapidly (Comell 1991). The first copper, chromium, and arsenate (CCA) formulation was 

invented by Dr. Sonti Kamesan in 1933 working at Deharadun, India (Eaton and Hale 1993). 

Today the wood preservation industry principally uses: heavy oil based preservatives for utilities, 
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CCA preservatives for constructional products, and light organic solvent based preservatives for 

joinery products (Comell 1991, Eaton and Hale 1993). 

In 1990, about 74 percent of the wood preservation industry's output was treated with 

waterbome preservatives, predominantly chromated copper arsenate (CCA) (Micklewright 1992). 

Industry output also included wood treated with creosote solutions (15%), and 

pentachlorophenol (9%) (U.S. Industrial Outlook 1992). The main treated products are: lumber, 

timber, plywood, poles, posts, piling, switch and bridge ties, and railway crossties. In 1990, 

treated lumber accounted for approximately 56 percent of the industry's total treated volume 

(Figure 2.6). From 1984 to 1990, the volume of lumber (all species) treated increased by 36 

percent (Micklewright 1992). 

In 1990, southem pine products accounted for 71 percent (by volume) all products 

treated and 83 percent of total treated lumber and timber volume (Micklewright 1992). The 

repair and remodeling market accounts for nearly two-thirds of treated industry's total sales 

(U.S. Industrial Outlook 1992). One of the greatest uses of treated wood is for outdoor decks. 

Twenty years ago few decks were built with treated wood, whereas today 78% of the decks are 

built with treated wood (The Merchant Magazine 1992). 

2.3 HISTORY OF SOFTWOOD LUMBER GRADING RULES 

Previous sections have provided a general overview of softwood lumber industry while 

specifying the importance of southem pine, in terms of volume, as a softwood lumber and the 

importance of treating industry to southem pine. This section deals with how the standards for 

softwood lumber were formulated, and how buyers and sellers use these standards in the 

marketing of softwood lumber. 
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Grading of softwood lumber in the U.S. is based on voluntary standards, and lumber is 

sold based on these voluntary standard grades. In the early days of the industry each sawmill 

graded its own lumber to meet the standards established in various markets. However, as each 

region had its own grading rules, there were a great number of grades offered in the 

marketplace (Loehr 1950a). This caused confusion among buyers, who either had to examine 

his/her whole purchase or depend upon the seller's reputation. After World War |, steps were 

taken to achieve general standardization of lumber products (Loehr 1950b). 

With the encouragement of Herbert Hoover, then the Secretary of Commerce, grading 

rules for lumber became effective on July 1, 1924 (Loehr 1950c). In the process of 

standardization of grading rules, lumber grades were simplified, lumber sizes were standardized, 

adequate and practical guarantees were provided to buyers and users of lumber conceming 

quality and quantity, and inspection services were established as an aid to maintain standards 

(Loehr 1950b). These established standards protected the public, simplified the processes of 

manufacturing, and provided economies in distribution and consumption (Loehr 1950b). At that 

time it was decided that these rules will be implemented through voluntary action rather than 

enforcement by the government. Instead of agency inspectors visiting each mill to grade 

lumber, each mill is given the permission to grade its own lumber within the guidelines specified 

in the American Lumber Standard. Grading mills have the obligation of correctly grading their 

lumber by employing personnel who are competent graders. 

Softwood lumber visual grades are based on the number, character and location of any 

irregularities occurring in or on the lumber that may lower its strength and stiffness (Brown 

1952). The American Lumber Standard for softwood lumber contains 111 separate grades 

which depend on the end use (White 1991). In addition, some mills grade lumber based on 

24



Vijay S. Reddy Chapter 2 

machine stress rating (MSR). This method is different from visually stress graded lumber due 

to its ability to test the lumber nondestructively to obtain modulus of elasticity values. However, 

MSR lumber is also required to meet certain visual requirements. 

Boards are less than 2" in nominal thickness and are 1° or more in width. Boards are 

graded based on visual appearance. Dimension or structural lumber is 2" or more in thickness 

and width but less than 5° thickness. The grading of dimension lumber is based on visual 

stress grades. In each grade of dimension lumber, a range of knot sizes, type of knots (spike 

knots, narrow face knots), slope of the grain, length and width of wane, number of splits, 

number of shakes, etc., are allowed. Due to this allowable range for each defect, it is 

theoretically possible for manufacturers to grade lumber by retaining the maximum allowable 

defects (in terms of size, number, etc.) within a grade while still meeting the grading rules. 

Softwood dimension grades are defined based on the structural use of lumber. 

However, current markets demand products with a better appearance than is generally 

necessary for those materials that are enclosed within walls, floors, and roofs (Southern Forest 

Products Association 1991). There are several segments of softwood buyers who use lumber 

that may be required to grade not only based on the structural properties but also on 

appearance of lumber. For an example, softwood lumber treaters may require lumber that is 

graded based on visual appearance. 

Keating (1986) argued that voluntary grading standards, similar to softwood lumber 

standards, tends to drive quality to the lowest common denominator (i.e., just high enough to 

meet the standards). This phenomenon is particularly evident in softwood lumber industry. 

Many lumber producers in the industry often perceive no incentive for improved lumber quality 

within a grade since each piece within that grade will fetch the same price irrespective of quality 
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attributes possessed by the lumber. Due to sparse research, very little is Known about the 

available opportunities in the market place for softwood lumber whose quality is enhanced from 

the present level. Currently it is unknown how softwood lumber suppliers can create “value” for 

lumber buyers and how to enhance lumber value” perceptions of softwood lumber buyers. 

2.4 CONCEPTS RELATING TO PERCEIVED VALUE 

Classical economic theory assumes that buyers always possess perfect information of 

products and prices and are capable of processing this information perfectly (Grewal 1989). In 

reality, buyers face a complex marketplace with numerous product types as well as imperfect 

and incomplete information. This intricate market place creates an unpredictable environment in 

which the buyer must make purchase decisions. In this environment, the buyer needs to 

evaluate products in terms of quality, monetary as well as nonmonetary sacrifice they must 

make to procure the product, and the value of the product (cost-benefit tradeoff) before making 

a purchase. During the process of this evaluation many information cues such as product 

attributes, service attributes, and price may influence the buyer's evaluation process. The 

following sections relates the effects of products and service attributes (cues), actual price, and 

reference price on buyers’ evaluations of quality and value. 

2.4.1 Objective Quality 

Objective quality refers to the actual technical superiority or excellence of the products 

and is measurable and verifiable based on predetermined standards (Hjorth-Anderson 1984, 

Monroe and Krishnan 1985, Zeithaml 1988). It depends on the presence of desirable attribute 

levels that serve as intrinsic cues when evaluating a product (Figure 2.7). These intrinsic cues 
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cannot be changed without physically transforming the product (Olson and Jacoby 1972). In 

softwood, the amount of wane, number of knots, and grain structure are some of the verifiable 

attributes/cues that determine objective quality. Objective quality is related closely to concepts 

(such as Garvin's (1984) product-based and manufacturing-based quality) used to describe 

technical superiority of a product (Zeithaml 1988). 

2.4.2 Perceived Quality 

Buyers’ perceptions determine the perceived quality of a product. Perception is the 

process of organizing, interpreting, and deriving meaning from stimuli through the senses; 

however, individual needs, memories, and expectations also influence perception (Krishnan 

1984). Perceived quality is an evaluative judgement by buyers regarding the overall superiority 

or excellence of the product (Zeithaml 1988). Hence, this concept is highly relativistic and 

differs from customer to customer (Holbrook and Corfman 1985). This is similar to Garvin's 

(1984) user-based approach, where quality judgements are dependent on the perceptions, 

needs, and goals of the consumer. 

In the literature, a number of definitions of quality are basically variants on “fitness for 

use, given the needs of the customer" (Steenkamp 1990). Box (1984, p. 179) defined 

perceived quality as “the degree to which a product fulfills its functions, given the needs of the 

consumer." Monroe and Krishnan (1985, p. 212) have proposed that "perceived product quality 

is the perceived ability of a product to provide satisfaction ‘relative’ to the available alternatives." 

They recognized that perceived quality is a comparative concept. Product information is an 

elemental or disaggregate form of information, whereas perceived quality can be considered a 

summarization of this information (Olson and Jacoby 1972, Myers and Shocker 1981, Zeithaml 
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1988). Buyers may infer or perceive quality by using both intrinsic cues, and extrinsic cues 

(price, supplier, brand name, etc.). The higher the level of product attributes (such as complete 

absence of wane, total absence of knots, overall lumber appearance), the more favorable the 

buyers’ perceptions of product quality. 

Investigation of the influence of nonprice product attribute information, especially 

intrinsic attribute information, on perceived quality has been less systematic. It is expected that, 

in general, the greater the number of information cues the more influence these cues have on 

quality perceptions (assuming they are consistent in terms of content). Further, product 

attributes differ in importance, and it may be expected that information on more important 

attributes has higher information value and thus greater influence on quality perceptions. 

Grewal (1989) showed through a quantitative literature review (meta-analysis) of ten 

studies that there was a significant effect of intrinsic cues on buyers’ perceptions of quality. In 

this meta-analysis, the overall average effect size was n = 0.468. Effect size is the magnitude 

or degree that a particular relationship being studied differs from zero (Fern and Monroe 1992). 

The effect size indicator n (eta) is the square root of the proportion of variance explained by the 

treatment condition. Cohen (1977) suggested guidelines for interpreting effect size. For n’, an 

effect size less than 0.06 is "small", an effect size between 0.06 and 0.14 is "medium" and an 

effect size greater than 0.14 is "large." Based on Grewal (1989) study, it can be inferred that 

intrinsic cues are in general more important to buyers in judging quality than extrinsic cues such 

as price. 

When perfect information to process all available information is not available, buyers 

may rely on extrinsic cues to evaluate product quality. One of the extrinsic cues buyers’ utilize 
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while assessing quality is price. Many studies indicated that as customers become familiar with 

the product, they rely less on extrinsic cues as indicators of quality. 

2.4.2.1 Price-perceived quality 

The notion of price-perceived quality was introduced by Scitovszky (1945) by stating 

that price is one of the important indicators of quality. Unlike economists, he argued that 

judging quality by price is not irrational, instead it indicates that buyers believe that price is 

determined by the competitive interplay of the forces of supply and demand. Following 

Scitovszky's thinking, it is generally agreed that both intrinsic and extrinsic product attribute 

information, including price, influence quality perceptions. 

A large body of literature addressed the price-perceived quality relationship and 

obtained mixed results (Krishnan 1984, Lichtenstein and Burton 1989, Rao and Monroe 1989, 

Zeithaml 1988). The association between price and quality is high within certain product 

categories; however, the overall association is very low or even negative across product 

categories (Geistfeld 1982; Gerstner 1985; Morris and Bronson 1969; Riesz 1978, 1979). 

These studies have shown that consumers use price to infer quality when it is the only 

available cue. However, when price is combined with other product attributes, the evidence 

was less convincing (Zeithaml 1988). According to the behavioral pricing literature, prior 

knowledge moderates the effects of price on perceived quality. Price-perceived quality literature 

indicates that consumers who have little prior knowledge use price to evaluate product quality 

more than those consumers who have modest prior knowledge (Rao and Sieben 1992). 

In addition, objective price has a positive influence on perceived quality under 

conditions of low to moderate levels of intrinsic attribute information but little influence under 
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higher levels of information--that is, the influence of objective price on perceived quality 

diminishes as the importance and number of intrinsic information cues increase (Chang and 

Wildt 1994). 

In the industrial setting (business to business marketing), buyers regularly purchase 

products and/or services. Consequently, the use of price as a quality surrogate will be minimal. 

In other words, while evaluating softwood lumber quality, buyers rely heavily on attributes 

(intrinsic cues) rather than on price. Hence, a broken line is used to show the relationship 

between the price and perceived quality constructs in Figure 2.7. This indicates that intrinsic 

cues are thought to affect a buyer's perception of product quality more than does price. 

2.4.3 Objective Quality Versus Perceived Quality 

Perceived quality is different from objective quality. Several researchers (Dodds and 

Monroe 1985; Holbrook and Corfman 1985; Jacoby and Olson 1985; Parasuraman, Zeithaml, 

and Berry 1988) have stressed this difference. Holbrook and Corfman (1985) distinguish 

between these two by relating objective quality to mechanistic quality and perceived quality to 

humanistic quality. Perceived quality is a higher level abstract and a judgement of it is made 

within a consumer's evoked set (Zeithaml 1988). 

Researchers generally do not agree on the ideal standard of quality. Maynes (1976) 

claims that objective quality does not exist because quality is perceived by someone, be it 

consumers or managers or researchers. Gutman and Alden (1985) used a means-end chain 

approach to understand consumers’ cognitive structure that leads to developing an 

understanding of the consumers’ perceptual framework. This approach assumes that product 

information is retained in memory at several levels of abstraction, and consumers organize 

30



Vijay S. Reddy Chapter 2 

simple product attributes at first-level and complex personal values at the highest level. This 

infers that means are product attributes (objective quality) and ends are perceived quality and 

value. Hence, it is necessary to focus on perceived quality and value rather than on objective 

quality to position a product positively into the minds of customers. 

2.4.4 Perceived Value 

Price is one of the extrinsic variables customers very often use in making a purchase. 

They make trade-offs between costs and benefits. This is similar to Garvin's (1988) value- 

based quality approach where a quality product is one that provides performance at an 

acceptable price or cost. 

Perceived quality and perceived price are thought to be instrumental in the formation of 

value perceptions, with perceived quality positively related and perceived price negatively 

related to perceived value (Sawyer and Dickson 1984, Zeithaml 1988). A trade-off between 

perceived price and perceived quality leads to perceived value which induces purchase intention 

(Chang and Wildt 1994). The higher the perceived value, the higher the willingness to purchase 

(Dodds and Monroe 1985, Monroe and Chapman 1987, Zeithaml 1988). If a product or service 

is judged low in value due to either low quality or higher price, purchase intention is expected to 

be low; if a product or service is judged high in value, this judgement is expected to lead to high 

purchase intention. 

Perceived value is a trade-off between the "give" and "get" components of a product 

(Dodds and Monroe 1985; Lichtenstein, Ridgway, and Netemeyer 1993; Monroe 1990; Sawyer 

and Dickson 1984). Part of the "give" component, also referred to as perceived sacrifice by 

Zeithaml (1988), corresponds to the price paid and is expected to have a negative impact on 
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perceived value. The "get" component corresponds to the quality of the product as perceived 

by the buyer and is expected to have positive impact on perceived value. 

Christopher (1982) considers value in terms of the price a buyer is willing to pay for a 

product offering which provide certain benefits upon consumption. He relates this aspect of 

value to the notion of a customer surplus--the amount by which monetary equivalent of 

perceived benefits from a product offerings exceeds the cost of obtaining the product. Forbis 

and Mehta (1981) emphasize the aspect of competition in considering value. The value of the 

product is the maximum amount a buyer would be willing to pay for a product, given the 

comprehensive knowledge of the available competitive product offerings. In Zeithaml's (1988) 

exploratory study respondents define "value is the quality | get for the price | pay,” and “what | 

get for what | give" (p. 13). According to Monroe and Krishnan (1985) perceived value is the 

difference between the utility inferred from the perception of quality and utility (sacrifice) 

associated with the price to be paid. 

If the perceived quality of a product is high, customers expect higher benefits, in terms 

of fulfilling particular functions and needs, from that product. According to classical economic 

view, customers view price as the monetary cost or sacrifice necessary to acquire a product. 

Higher levels of actual price will lead to a higher monetary sacrifice, and if buyers view this 

monetary sacrifice more than the derived benefits from a product, their perceived value will be 

low. Customers' perceptions of value involve the concept of relative value, which can be 

defined as (Shetty 1987): 

Value = quality (2.1) 

price 
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This relationship stresses that "product preferences are determined by the perceived 

quality-price ratio of one product in relation to another competing product (emphasis added)" 

(Shetty 1987, p. 52). Customers may perceive a product as high quality, but when its price is 

high, they may not perceive that product as having high value. Under this perceived value 

approach, a $500 running shoe, no matter how well they are constructed, could not be a high 

value product, and it will find very few buyers. This is because buyers evaluate the price of the 

shoe in relation to some standard or reference price. 

Reference price is the price buyers use as a standard to compare to the actual price of 

a product and it allows buyers to make value judgements regarding the product. Reference 

price is the price buyers normally pay for a product (Thaler 1985). By using reference price, 

buyers may categorize a product's price as being high, low, acceptable, or unacceptable. When 

a product is priced above the range of reference price, buyers may not perceive that product as 

offering high value due to negative transaction utility. 

According to Thaler (1985), customers derive transaction utility from the realization that 

the purchase price is less than the reference price. If the reference price is higher than the 

actual price, the transaction utility will be positive. On the other hand, if the reference price is 

lower than the actual price, the transaction utility will be negative. 

Classical economic theory considers price as an indicator of the monetary sacrifice a 

buyer has to make to acquire a product. Thus, buyers’ perceive monetary sacrifice is the price 

they must pay to acquire a product (Monroe and Krishnan 1985). A buyer's perception of 

sacrifice associated with the reference price is termed as reference sacrifice (Grewal 1989). 

Reference sacrifice is the sacrifice buyers are normally willing to make to acquire a product, and 

it increases as the reference price increases (Monroe and Chapman 1987, Thaler 1985). 
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Actual price and reference price lead to perceived monetary sacrifice and perceived 

reference sacrifice, respectively. Thus, transaction utility depends on reference sacrifice and 

monetary sacrifice. If the reference sacrifice is higher than the monetary sacrifice, the 

transaction utility of buyers will be positive. The tradeoff between transaction utility and 

perceived quality determines the perceived product value (Figure 2.7). 

Since perceived quality influences perceived value, the perceived quality of a product 

can be obtained, indirectly, from the perceived value ratings while holding the price of the 

product constant. However, perceived quality is dependent on intrinsic attributes of a product. 

With this in mind, it is proposed that: 

P1. The perceived quality of softwood lumber is positively related to the quality of 

intrinsic lumber attributes. 

As discussed earlier, product attributes and price influence perceived value. In addition, 

the higher the level of certain fundamental intrinsic cues, the greater are buyers’ perceptions of 

product value, and some attributes have more influence on perceived value than the others. 

This leads to: 

P2. The perceived value of softwood lumber is positively influenced by the levels of 

lumber attributes and negatively influenced by price. 

P3. The perceived value of softwood lumber is higher when the price is either lower 

than or the same as the reference price (market price). In addition, perceived 

value is lower when the price is above the reference price. 

P4. Certain lumber attributes have greater positive influence on perceived lumber value 
than do others. 

In addition, when the relative importance of some lumber attributes is high, perceived 

lumber value increases even when the price of lumber increases. This leads to the proposition: 

P5. Buyers pay more to obtain lumber attributes which have high relative importance. 
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2.4.5 Service Quality 

Service quality can simply be defined as "consistently meeting customers’ expectations 

and can be measured by how well the delivered service levels conform to customers’ 

expectations® (Farsad and Elshennawy 1989, p. 18). During the past decade, there has been 

considerable interest in service quality. Parasuraman, Zeithaml, and Berry (1988) proposed five 

dimensions of service quality -- reliability, responsiveness, assurance, empathy, and tangibles. 

Services are intangibles because they are not objects and "they cannot be seen, felt, 

tasted, or touched in the same manner in which goods can be sensed” (Zeithaml, Parasuraman, 

and Berry 1985, p. 33). In addition, services are inseparable (services are simultaneously 

produced and consumed), heterogeneous (performance often varies from producer to producer, 

from customer to customer, and from day to day), and perishable (Kasper and Lemmink 1989; 

Farsad and Elshennawy 1989; Parasuraman, Zeithaml, and Berry 1985; Webster 1990). 

Services are nonstandardized due to the inability of producers to provide consistent 

performance and quality (Zeithaml 1981). The level of service quality, in general, is affected by 

physical factors, service responsiveness, reliability, and consistency (Farsad and Elshennawy 

1989). 

As mentioned earlier, service quality plays a vital role in determining the overall quality 

of a product. When the objective quality of an available product in the market place is the same 

(i.e., if the product is a generic one), it is the service quality that differentiates one provider of 

that product from another (Levitt 1986). Many businesses do not do a good job of establishing 

and adhering to customer-desired service standards (Zeithaml, Parasuraman, and Berry 1990). 

However, any business that delivers outstanding service enjoys a strong overall quality position 

by having satisfied customers (Farsad and Elshennawy 1989). Studies indicate that the primary 
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reason for customers to switch to a competitor's product is poor service (Sonnenburg 1989, 

Stowell 1989). Switching to a competitor's products is an indication of the role services play in 

determining total product quality. Service quality may have greater influence on determining the 

overall quality of commodity type products such as softwood lumber than does product quality. 

Actual service quality depends on the attributes of the service delivery process. Like 

objective quality in Figure 2.7, service quality is a first-level construct (Figure 2.8). Buyers have 

certain expectations of service quality. These expectations are influenced by personal needs, 

word-of-mouth communication, past experiences, and the company's external communications 

to customers (promises of the company) (Bolton and Drew 1991; Parasuraman, Zeithaml, and 

Berry 1985). 

Perceived service quality is a function of customers’ expectations and the actual 

delivery or performance of a particular service. Perceived service quality can be defined as the 

customers’ assessment of the overall excellence or superiority of the service (Zeithaml 1988). 

Figure 2.8 illustrates the relationships among actual service performance/delivery, expectations, 

perceived service quality and service value. Perceived service value involves a tradeoff 

between a customer's evaluation of benefits of using a service and its associated cost (Bolton 

and Drew 1991). Customers’ intention to utilize services depends on their assessment of 

perceived value of those services. 

A customer's assessment of value depends on the monetary sacrifice associated with 

the utilization of service. Customers, in general, have a reference price, and their transaction 

utility is the function of perceived monetary and reference sacrifice. They assess service value 

by trading-off the quality of the service with its costs in a given situation (Bolton and Drew 

1991). 
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Similar to the relationship between perceived product quality and value, perceived 

service quality influences perceived service value. When the cost of obtaining a service is held 

constant while varying service quality attributes, it can be assumed that the change in the 

perceived service value is due to the change in the perceived service quality. It is proposed 

that: 

$1: As the quality of selected attributes of the softwood lumber service delivery 

process increases, a buyer's perceived service quality will increase, all else 

being equal. 

The cost associated with services has a negative effect on the service value. 

Customers have to undergo monetary sacrifice to obtain services. This leads to the following 

proposition. 

S2. As a buyer's assessment of monetary sacrifice increases, his/her perceived 
service value of softwood lumber delivery process will decrease, provided the 
service quality remains the same. 

When buyers evaluate a service value, they trade-off one attribute against another to 

realize the best value from the service. Based on this notion, the following proposition is 

proposed. 

S3. Each service attribute contributes differently to the overall perceived service 

value. 

However, when the importance of a certain service attributes is high, the perceived 

value of a service will increase even when the cost of obtaining services increases. This leads 

to the following proposition. 

S4. Buyers are willing to pay more to obtain service attributes that are important to 

the perceived value of a service. 
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2.4.6 Perceived Value — The Total Product 

Figure 2.9 affords an overview of the relationships among the concepts of product 

quality, service quality, price, perceived total product quality, and perceived total product value. 

Both physical product and service quality attributes determine the overall quality of the offered 

product. As discussed earlier, physical and service quality attributes, in addition to price, 

influence buyers' perceptions of total quality. Because total product (good and service) quality 

of offerings is one of the important concepts buyers use when evaluating a product, it can be 

said that softwood lumber and its delivery process attributes have a positive effect on softwood 

lumber buyers’ perception of total product quality. In other words, product as well as service 

attributes of softwood lumber affect buyers’ perceptions of total product quality. 

Perceived total product value depends on the trade-offs between perceived product 

quality and perceived transaction utility, which is the result of interplay between reference price 

and actual price. Figure 2.9 depicts the relationship among concepts that lead to the formation 

of value perceptions. Hence, it is proposed that a buyer's perception of total value increases 

with the increase of perceived quality when the actual price is the same or lower than the 

reference price (market price). 

2.4.7 Concepts Relevant to the Study 

The previous descriptions are an overview of the various concepts adapted by 

marketers. They have approached the quality concept from both user-based and value-based 

perspectives. Based on previous research, it is important to provide both product and delivery 

of services features (attributes) to enhance objective quality. Customer perceptions of quality 

are based on the information they have about objective quality enhancing attributes. Customer 

38



Vijay S. Reddy Chapter 2 

perceptions of total quality depend on objective quality and the price of the total product 

(including product quality and service quality). Though price plays a role in the perception of 

total product quality, buyers rely on this extrinsic cue only when they lack sufficient knowledge 

about the total product. In general, higher price either increases or has no influence on the 

perception of quality. 

However, as discussed earlier, price does play a major role in the perception of total 

product value to the buyers. When buyers perceive that the monetary sacrifice they must make 

to obtain the total product is higher than their expected sacrifice (reference sacrifice), their 

perceived value of the total product will be lower irrespective of the quality. 

Until now, various theoretical concepts that lead to perceived value have been 

discussed. It was argued earlier that marketers should focus on providing products which have 

high “value* as perceived by customers. Companies should give more importance to the value 

concept to serve their customers weil. Therefore, the main concept that is of interest for this 

study is perceived value, specifically perceived lumber value, perceived service value, and 

perceived total product value of industrial buyers of softwood lumber (treaters). While 

concentrating on the perceived value concept, this study investigates the trade-offs customers 

make among attributes to realize the best value. 

Conjoint analysis is a powerful technique for determining customers’ trade-offs among 

muttiattribute products (goods, services, etc.) while determining the relative importance of 

attributes of a product. The following section briefly describes this technique. 
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2.5 CONJOINT ANALYSIS 

“Conjoint analysis is any decompositional method that estimates the structure of a 

consumer's preferences (i.e., estimates preference parameters such as part-worths, importance 

weights, ideal points), given his or her overall evaluations of a set of alternatives that are 

prespecified in terms of levels of different attributes" (Green and Srinivasan 1990, p. 4). 

Conjoint analysis is a multivariate technique used to understand how respondents cultivate 

preferences for products and services (Hair et al. 1992). 

The word "conjoint" is used because the relative values of attributes considered jointly 

can be measured when they might not be measurable if taken one at a time (Churchill 1991). 

In conjoint analysis, the characteristics (key dimensions) of a product are described in terms of 

its attributes/features (factors) and the attribute variations are described in terms of the levels of 

the attribute/feature. For example, exterior color of an automobile can be an attribute, and the 

altemative colors such as red, white, green can be levels of the attribute. In other areas of 

analysis, attributes are commonly known as the independent variables and attribute levels are 

considered as the values of the independent variables. Conjoint analysis is used to learn what 

attributes are important or unimportant to the customer and what levels of attributes (product as 

well as service) are the most or least desirable ones in the consumer's mind within the 

framework of price cues. In other words, conjoint analysis provides a quantitative estimate of 

how each attribute level impacts the purchase decision. 

Since its introduction in the early 1970s, conjoint analysis has emerged as the most 

widely applied marketing tool for measuring consumer preferences among multtiattribute 

altematives and determining the trade-offs consumers make among multtiattribute products and 

services (Green and Rao 1971, Johnson 1974). It also allows for simulations and evaluation of 
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price elasticities for any product and service configuration while permitting the analyses of 

market shares in various benefit bundle altematives (Ding, Geschke, and Lewis 1991). 

The use of conjoint analysis in marketing research has been increasing rapidly. 

According to Wittink and Cattin (1989), commercial applications of conjoint analysis from 1971 

to 1981 and from 1981 to 1985 were 698 and 1062, respectively. Most of the commercial 

applications of conjoint analysis were in new product concept identification, competitive 

analysis, pricing, segmentation, and product repositioning (Kohli and Mahajan 1991). The steps 

involved in the conjoint analysis technique and the alternative methods available in each step 

are discussed in the following section. 

2.5.1 Attributes Selection 

In a conjoint analysis study ,the first step is the selection of product attributes and levels 

for each attribute. The important attributes of a product being investigated and the levels for 

each attribute should be identified by carefully reviewing the past studies that may have used 

the same product, by interviewing the relevant people personally regarding the importance of 

attributes, by focus-group interviews, or by conducting a pilot study. One of the important and 

subjective task is to reduce the number of attributes to a manageable size so as to estimate 

parameters reliably while accounting for buyer preferences sufficiently well (Green and 

Srinivasan 1978). 

2.5.2 Preference Models 

The next step after the selection of relevant attributes and levels for those attributes is 

to choose the suitable preference model for the study. There are three main preference models 
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in terms of shape of a function relating attribute values to preference structure. These are the 

vector model, ideal-point model, and part-worth model which treat values of each attribute as 

linear, linear plus quadratic (curvilinear), and piecewise linear, respectively. In addition, a 

researcher can specify the mixed model which allows some attributes to be treated as following 

the part-worth function model while other attributes follow vector or ideal point models (Green 

and Srinivasan 1990). 

In general, the vector model or ideal-point model can be specified for quantitative 

features such as price, gas/gallon, etc. (Bretton-Clark 1992). The vector model would be 

appropriate for an attribute such as price where a customer's preference for a product 

decreases in proportion to the amount of price increase. For example, if the decrease in 

preference resulting from a price increase from $200 to $250 is the same as the decrease in 

preference resulting from a price increase from $350 to $400, then the vector model is 

appropriate. 

The ideal-point model is appropriate when a customer's preference for a product 

diminishes as the attribute level values reach extreme. The customer preference for a product 

will be high when the attribute level value is closer to the ideal point. For an example, when a 

customer prefer moderate levels of sweetness in the coffee, the customer's preference for 

coffee will decrease when the sweetness decreases or increases from that moderate level. 

Generally, the part-worth model is specified when the feature (attribute) is categorical. 

It allows different shapes for the preference function along each of the attributes (Green and 

Srinivasan 1978). In other words, it allows each level to have its own part-worth estimate. 

In terms of the shape of function relating attribute values to preference, the vector 

model is the most restrictive and part-worth model is the least restrictive (Hair et al. 1992). The 
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vector model estimates the fewest parameters by assuming the linear function form. On the 

other hand, the part-worth model estimates the largest lumber of parameters because it permits 

the most general form. The ideal point model is between these two models, in this regard 

(Green and Srinivasan 1990). For an example, if there are ¢t attributes in the model and each 

attribute has k levels, ¢, 2t, and (k-1)t parameters must be estimated for the models vector, 

ideal-point, and part-worth, respectively (Green and Srinivasan 1978). The rest of the 

parameters in each model can be estimated from the calculated parameters (ft, 2f, or (k-1)b. 

As the degree of freedom depends on the number of estimated parameters, the part- 

worth model will have the fewest degrees of freedom when compared to ideal point and vector 

models. Whereas, the vector model will have the highest degrees of freedom. The general 

form of these models is described below: 

First, let 

U,, = the total utility (preference) of the /” stimulus for the n” respondent 

i 1,2, . . ., tdenote the set of t attributes or factors that have been 

chosen 

vector coefficient for the ¢ attributes 

the level of the /” attribute for the /” stimulus facing n” respondent 
ideal-point coefficient for the t attributes 

the function denoting the part-worth of different levels of X,,, for the i 
attribute 

2. 
U
X
 Ho

u 

Vector model: 

c 
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Ideal-point model: 

t 

Tyna = yy [VpXjug + Py (Xjqy)71 (2.3) 

Part-worth model. 

€ 

2.5.3 Conjoint Designs 

The next step in a conjoint analysis is the selection of conjoint design for the purpose of 

collecting the data. There are basically four main types of conjoint design through which data 

can be gathered. They are: (1) pairwise trade-off method; (2) full profile method; (3) hybrid 

method; and (4) adoptive conjoint analysis 

2.5.3.1 Pairwise trade-off method 

The pairwise trade-off method gathers data on a two attributes/features-at-a-time basis. 

The respondent is asked to rank the various combinations of each pair of attributes at different 

levels from the most preferred to the least preferred (Green and Srinivasan 1978). This conjoint 

design method is simple and easy to apply while reducing the information overload on the part 

of the respondent. However, by decomposing the product attributes into two-at-a-time 

combinations, this model sacrifices some realism. In addition, respondents may be unclear as 

to what should be assumed about the remaining attributes that are not shown to the 

respondent. When the attributes of a product correlate, it is unclear what the obtained data 
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really mean. Particularly, it is a shortcoming when one of the presented attributes in the 

stimulus are correlated with other relevant attributes not included in the test. 

Suppose more than two attributes need to be considered in the experiment. As the 

number of included attributes and levels of these attributes increases, the number of possible 

two-attributes-at-a-time combinations will increase substantially. Consequently, respondents 

may forget where they are in the table or adopt patternized type of responses by attending to 

change in one attribute before paying attention to the other (Johnson 1974). In addition, it 

becomes difficult to isolate the relevant attributes without isolating the unwanted correlations 

(Ding, Geschke, and Lewis 1991). The number of required ranking judgements will be still 

higher even if the procedure such as partially balanced incomplete block designs (Green 1974) 

used to reduce the number of two-way tables. This method also provides only a set of rank 

order data. 

The use of trade-off conjoint design method has decreased substantially because of 

these limitations (Wittink and Cattin 1989). According to Johnson (1987, p. 257), the tradeoff 

method ". . . has become nearly obsolete." 

2.5.3.2 Ful-profile conjoint model 

In contrast to the trade-off conjoint model, the full-profile model utilizes several attributes 

of a product at a time. In this method, a set of full-profiles are constructed where each profile 

consists of a certain combination of attribute levels (one per attribute) that are selected for the 

study. The respondent evaluates a series of full-profiles and ranks or rates each profile in terms 

of preference. The full-profile method is better than the trade-off method because it gives more 
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realistic descriptions of stimuli. The full-profile conjoint model was used in almost two thirds of 

the commercial studies conducted between 1981 and 1985 (Wittink and Cattin 1989). 

In reality, customers are likely to evaluate a product based not on one or two attributes 

but many. Customers compare each product with available substitute products on several 

attributes before forming their preference for a product. The full-profile method uses this 

concept by providing several stimulus, one at a time, to respondents while collecting their 

preference data (ranking or rating). 

The design of a full-profile study becomes problematic when the number of attributes 

and levels of each attribute selected becomes large. For example, if there are six attributes at 

three levels each, the number of possible combinations a respondent required to evaluate will 

be 216 (6°). This causes information over-load and may tempt respondents to simplify the 

experimental task by ignoring variations in the less important attributes or by simplifying the 

attribute levels themselves (Green and Srinivasan 1978). As a result, most conjoint studies rely 

on some kind of fractional factorial designs. 

Green (1974) suggests the use of orthogonal fractional factorial experimental designs to 

construct stimulus sets when the number of attributes and levels becomes large. The fractional 

factorial design selects a subset of all possible combinations which still allow estimation of the 

part-worths for all main effects without sacrificing the predictive power contained in the original 

design (SPSS Inc. 1990). The primary purpose of this design is to reduce the number of 

evaluations needed while ensuring orthogonality among the part-worth estimates (Hair et al. 

1992). The orthogonal plan balances the levels of performance demanded from customers 

against many variables - or noises - affecting performance (Taguchi and Clausing 1990). To 
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capitalize on the high efficiency of orthogonal fractional factorial design, one should seek 

attribute independence wherever possible (Green and Srinivasan 1978). 

The full-profile procedure is generally limited to at most five or six attributes in any 

specific experiment. This limitation is employed to reduce the information overload and 

judgement complexity for respondents. Researchers should incorporate "bridging-type" factors 

in studies that require a larger number of attributes (25 or more) to be included (Bretton-Clark 

1992, Green and Srinivasan 1978). In bridging, the full set of attributes are first split into 

subsets of five or six attributes each. Each stimuli (card) is then composed of attribute 

combinations that involve those five or six attributes. In each subset one or two attributes are 

common so that they provide a basis for linking part-worth functions across the various subsets 

of attributes (Green and Srinivasan 1978). 

2.5.3.3 Hybrid conjoint model 

Hybrid conjoint models were developed to reduce the complexity of the data collection 

task in conjoint analysis (Green, Goldberg, and Montemayor 1981). Traditional conjoint designs 

require respondents to evaluate a large number of stimuli (25 to 30) to estimate individual level 

part-worths and can result in information overload. Hybrid conjoint models were designed to 

reduce information overload on the part of respondent while retaining the individual differences 

in preference (utility) estimation (Ding, Geschke, and Lewis 1992; Green and Srinivasan 1990). 

This model combines the speed and simplicity of compositional methods with greater generality 

of decompositional methods (i.e., conjoint analysis). 

There are two steps in hybrid conjoint analysis: (1) self-explicated data; and (2) 

traditional full-profile stimuli rating. The self-explication approach is a compositional approach 
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similar to expectancy-value models of attitude theory (Wilkie and Pessemier 1973). In the self- 

explicated approach, the respondent first evaluates the levels of each attribute on a 0-10, for 

example, desirability scale by assigning the value of 10 for the most desirable level and 0 for 

the least desirable level. In addition, the respondent allocates 100 points, for instance, among 

all attributes so as to reflect his/her desirability ratings. Part-worths of each attribute level is 

calculated by multiplying the importance weights with attribute-level desirability (Green and 

Srinivasan 1990), and the respondents overall preference for a given altemative is then 

calculated by using additive model (Green 1984). 

t 

U, = p> W,U x, (2.5) 

Where 
U; = the total utility (preference) of altemative (stimulus) / 
W, = the self-explicated importance weight for attribute / 

U,, = the desirability score for level k of attribute / 

In the full-profile traditional conjoint step, each respondent provides evaluations of a 

limited number of stimulus profiles. The smaller number of profiles are drawn from a pool of 

master full-profile design that permits orthogonal estimation of all main effects and selected two- 

way interactions (Ding, Geschke, and Lewis 1992). The smaller number of profiles are selected 

in such a way that each stimulus in the larger set is evaluated by a subset of the respondents. 

The hybrid part-worths are estimated through multiple regression by relating the overall 

preference judgements for the full profiles to the self-explicated utilities (Green 1984). 

The hybrid approach is designed to simplify the data collection process, particularly in 

the industrial setting where there is a need to include a large number of attributes and/or levels 

within attributes in a study. One of the underlying assumptions of this model is that 
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respondents give similar responses both in the self-explicated approach and overall profile 

evaluations. When the number of attributes and attribute levels are extremely large, the hybrid 

model performs better than traditional full-profile conjoint model (Green 1984). 

2.5.3.4 Adaptive conjoint analysis model 

Adaptive conjoint analysis (ACA) is another model useful to collect data from 

respondents. This model is developed by Richard Johnson at Sawtooth Software, Inc. 

Evanston, IL. It collects preference data by using microcomputers while customizing the 

stimulus presentations according to respondents’ prior evaluation of attributes and levels of 

attributes. 

Adaptive conjoint analysis incorporates some of the strengths of both trade-off and full- 

profile approaches (Johnson 1987). It consists of four phases in data collection. In the first 

phase, respondents rank each level of attributes in terms of most preferred to least preferred. 

In the second phase, respondents evaluate on each attribute based on the best and worst 

attribute levels on a 1 to 4 rating scale where 4 denotes highest importance. 

In the third phase, respondents answer trade-off questions based on the importance of 

attributes. Each respondent receives a set of paired partial profiles of a product shown side by 

side and compares each one on a 9 point preference scale (with 1 indicating the strong 

preference for the left profile and 9 indicating the strong preference for the right profile). In the 

phase four, respondents receives a limited number (usually two to nine) full profile descriptions 

(stimuli). In each profile a maximum of eight attributes are included. These profiles are shown 

to the respondent in manner so that the least desirable profile is shown the first and the highly 
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desirable one is shown the last. The respondent rates each profile on a O to 100 likelihood-of- 

purchase scale (Green, Krieger and Agarwal 1991). 

A highly favorable reviews of ACA were provided by Carmone (1987) and Huber and 

Hansen (1986). The use of this method is gaining popularity in the U.S. as well as in Europe 

(Green, Krieger, and Agarwal 1991; Wittink, Vriens, and Burhenne 1994) due to its ability to 

handle a large number of attributes while presenting only the limited important attributes to the 

respondent for evaluations. In Europe, the most frequently (42% of total conjoint projects) used 

conjoint design model to collect data is ACA (Wittink, Vriens, and Burhenne 1994). However, 

there are mixed arguments about the superiority of this method over other methods, in terms of 

validity. Based on the study results (Agarwal and Green 1991; Green, Krieger, and Agarwal 

1991) ACA seems to be inferior to both the full-profile and the self-explicated methods. 

However, Huber et al. (1993) report higher predictive validity of holdout choices for ACA than 

other methods such as full-profile method even when the number of attributes used in the study 

were five and nine. 

Green and Srinivasan (1990) suggest that the full-profile method should be preferred as 

a data collection tool when the number of attributes included in the study is six or less. They 

recommend the use of the trade-off method or bridging technique (if respondents are willing to 

do multiple card sorts) if the number of attributes is larger. They suggest the use of the self- 

explication approach or the combination methods such as Hybrid or ACA when the number of 

attributes is 10 or more. Indeed, Wittink, Vriens, and Burhenne (1994) report an increase in the 

application frequency of ACA as the number of attributes increases. 
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2.5.4 Stimulus Presentation 

The next step in conjoint analysis is to select the approach to present stimulus to 

respondents. The following are the primary stimulus presentation methods: (1) verbal 

description or profile cards; (2) paragraph description; (3) pictorial representation; (4) actual 

product or prototype. 

In the verbal description (profile cards) approach, the respondent is presented with a 

number of stimuli, each defining the levels of each of the attributes. This is, by far, the most 

widely used approach to present stimulus while collecting data from respondents (Green and 

Srinivasan 1990, Wittink et al. 1994). In the paragraph description approach a more realistic 

and complete description of the stimulus is provided. The disadvantage of this method is that it 

limits the number of descriptions that can be presented, thus making the estimated parameters 

less accurate (Green and Srinivasan 1978). 

Pictorial representation using various kinds of visual props or three dimensional models 

is becoming more and more popular (Green and Srinivasan 1990, Wittink et al. 1994). This 

conveys information in less ambiguous ways, reduces the information overload by relieving 

respondents of the reading task and the need to visualize a large amount of information, makes 

stimuli more realistic, and makes the task interesting for respondents (Green and Srinivasan 

1978). The major disadvantage of this method is cost and the picture displaying the information 

in a way that differs from the researcher's intention. In a limited number of studies actual 

products or protypes were used as a stimulus presentation method to aid in design (Green and 

Srinivasan 1990, Wittink et al. 1994). This method has all the advantages and disadvantages of 

pictorial representations. 
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2.5.5 Measurement Scale for the Dependent Variable 

The next step in a conjoint study is selecting the type of measurement scale for the 

dependent variable. The two main types of scales are ranking and rating. Depending on the 

purpose of the study, the measurement can be either preference for a product or intention to 

buy. The rating scale is the most popular measurement scale used in Europe (Wittink et al. 

1994). A third scale type that is gaining popularity is graded paired comparisons in ACA. In 

this method, respondents provide the degree of preference on a rating scale between two 

profiles shown at a time. One of the advantages of rating scale approach is that it can be used 

to collect data using mailed questionnaires. 

2.5.6 Estimation Procedures 

Depending on the type of data collected, one of the following three procedures can be 

used to estimate utilities (parameters) of attribute levels: MONANOVA (MONotonic ANalysis of 

VAriance), LINMAP, and OLS (Ordinary Least Squares). Initially, researchers favored non- 

metric estimation procedures (MONANOVA and LINMAP) for rank order data. However, Green 

and Srinivasan (1978) show that OLS applied to rank order data provides comparable results. 

Because of it simplicity and availability, OLS is widely used to derive utilities (Wittink et al. 1994, 

Wittink and Cattin 1989). According to Wittink and Cattin (1989), the OLS method was used 

five times as often as MONANOVA, which was the second most-often used method between 

1981 and 1985. In Europe, OLS is the most commonly used method to estimate utilities 

(Wittink et al. 1994). Darmon and Rouzies (1991) report that OLS yields the least distorted 

weights when compared to other methods (i.e., LINMAP, MONANOVA) irrespective of the type 

of stimulus presentation used while collecting data. In addition, under fractional factorial design, 
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OLS is by far the most preferable procedure as far as attribute importance weight estimates are 

concerned (Cattin and Bliemel 1978, Darmon and Rouzies 1991, Green and Srinivasan 1978). 

2.6 SUMMARY 

Softwood lumber plays an important role in the U.S. lumber industry. Lumber is sold 

based on voluntary grades which may create problems in terms of quality. Moreover, softwood 

lumber is graded according to structural properties and a large volume of softwood lumber, is 

sold for purposes where visual quality as well as structural property is important. 

Given the changes in the available resources in terms of quantity and quality, global 

competition, and changing customers' requirements, softwood lumber manufacturers must take 

a marketing approach (Sinclair 1992) by offering products that have value as defined by their 

customers. 

"Marketing is a social and managerial process by which individuals and groups obtain 

what they need and want through creating, offering, and exchanging products of value (italics 

added) with others" (Kotler 1991 p.4). The exchange involves a transaction between two 

agents where one agent gives up something of value in return of something of a greater value. 

The exchange depends on customer value. Therefore, customer value is the fundamental basis 

for all marketing activities (Holbrook 1994). 

Customers form value perceptions based on the perceived quality of the product (good, 

service, or both) and the cost of obtaining it. However, perceived quality is the direct result of 

objective quality which depends on the attributes a product possess. Price plays an 

insignificant role in customers perception of quality for industrial products such as softwood 

lumber where buyers have sufficient knowledge to judge the quality of the product based on the 
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intrinsic information. However, price plays an important role in the formation of quality 

perceptions when consumers do not have sufficient knowledge to judge the quality of a product 

based on intrinsic information alone. 

The influence of product attributes on the value perceptions of customers can be 

quantified by using conjoint analysis. The method uses a design process that resembles the 

real-life evaluation process to quantify preference formation and/or purchase intentions. 

The role of price in the determination of value and purchase intention has received little 

attention. In addition, the value perceptions of industrial buyers of softwood lumber have not 

been the subject of published investigations in the past. This research examines the links 

between price and product (lumber or/and services) attribute cues and their effect on perceived 

lumber, service and total product value. The results of this study provide guidelines for 

softwood lumber suppliers to market the product with right combinations of quality 

characteristics at a reasonable price. 
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Figure 2.1 Softwood lumber production in the United States by region from 1984 to 1993. 
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CHAPTER 3 

METHODS 

It is a characteristic of research that almost all the things we do are flawed in 

some important way. The problem that | face is not waiting for the perfect 
method, because there isn't one. It is not criticizing the flaws in the methods 

that are available to me because that paralyzes me in the end. I've got to go 

ahead to the best | can. 

Ruch (1977, p.482) 

In the previous chapters, the concept of quality, the importance of a value-based 

approach, the past research related to the concept of perceived value, and the importance of 

softwood lumber suppliers adapting a marketing approach (providing ‘value’ products) were 

discussed. This chapter details the methods used to estimate the value perceptions of 

softwood lumber buyers, and how they trade-off attributes to realize the best value from the 

lumber, service, and total product. In other words, this chapter provides the details of the 

method that allows the estimation of utilities (importance scores or part-worths) for attribute 

levels and the determination of relative importance of attributes, in terms of perceived value of 

lumber, service, and total product value. 

The first section presents the procedures used to develop the sample frame and the 

selection of subjects for the study. The main steps involved in the study are presented in the 

next section. Following this, a brief overview of why conjoint measurement techniques were 

used for the study is presented. Subsequently, the steps involved in selecting lumber and 

service attributes, and the estimation procedure to quantify the value parameters will be 

discussed. The final section summarizes this chapter. 

3.1 SELECTION OF SAMPLE 

This section defines the population of the study, provides the details of sampling frame 

development, and the process of selecting the subjects. 
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3.1.1 Population 

" Population is defined as the totality of cases that conform to some designated 

specifications’ (Churchill 1991, p. 535). The specification used to define the population for this 

study was buyers of softwood lumber for treating plants located in the United States. 

Treated wood is primarily used outdoors for decks, patios, boardwalks, fences, outdoor 

furniture, etc. Like other softwood users, treaters buy softwood lumber according to standard 

grades. Given the outdoor or exterior use of treated wood, however, treaters might place more 

importance on quality, in terms of appearance, than do other softwood lumber buyers. Given 

the importance of the treating industry as a customer for softwood lumber and their preference 

for visual quality, the population for this study consisted of lumber buyers at wood treating 

plants in the U.S. According to Micklewright (1992), there are 540 treating plants in the U.S. 

Table 3.1 provides the breakdown of treating plants located in the U.S by state. These plants 

are owned by 423 companies (Micklewright 1992). 

3.1.2 Sample Frame 

“A sample frame is a list that identifies the individual elements of a population" 

(Pedhazar and Schmelkin 1991). The sample frame for this study was compiled from the 1994 

Directory of the Wood Products Industry (DWPI 1994) ; Micklewright's (1993) Wood Preserving 

Plants in the U.S - 1991; a mailing list developed in 1991 at the Center for Forest Products 

Marketing, Virginia Tech; Random Lengths 1993 Bigbook (Random Lengths 1993a); and the 

American Wood Preservers Institute's 1993 Membership Directory. 

The utilization of multiple sources to develop the sample frame increased the probability 

of including all the treating plants in the U.S. While developing the list, if a company had more 

than one treating plant, the company was called on the telephone to ensure that all the 
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softwood buyers were included in the sample frame. A few treating plants were removed from 

the sampling frame when it was learned that these plants treat lumber that they produce. Also, 

all the plants that did not treat lumber were dropped from the sampling frame. This resulted in 

a list of 490 softwood lumber buyers. 

3.1.3 Sample Size 

For the pilot test, fifty buyers were randomly selected from the sample frame for data 

collection. However, all the softwood buyers listed in the sample frame (except those used in 

the pilot test) were used for data collection in the main portion of the study. In previous studies 

that used conjoint analysis, the sample sizes range from a as low as 30 to as high as 1000 with 

a mean of 268 (Wittink et al 1994; Wittink and Cattin 1989). 

As conjoint analysis is an individual based analysis, it works well with respondent 

samples of virtually any size (Graf, Tanner, and Swinyard 1993). Bateson, Reibstein, and 

Boulding (1987) report eight studies that used a sample size between 8 and 122. Only two out 

of these eight studies used more than 100 subjects. In this study, all the buyers in the sample 

frame (50 + 440) were surveyed to collect data. 

3.2 MAJOR STEPS IN THE STUDY 

There were three major steps in the study. In the first step, the perceived value of 

softwood lumber was investigated while manipulating price and lumber attributes and holding 

supplier's service characteristics constant. This step facilitated the determination of the 

importance of lumber attributes and the trade-offs buyers make among lumber attributes, 

including price. The first objective of this study is related to this step. 
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In the second step, perceived service value was determined by manipulating lumber 

suppliers' service attributes while holding lumber quality attributes constant. The results of this 

step are related to the second objective two of this study. 

In the final step, a limited number of lumber and service attributes, based on the results 

of steps one and two, were combined to determine the perceived value of the total product 

while manipulating the selected lumber and service attributes. Using the results of this step, 

objective three of this study can be fulfilled. 

Data for these three steps were collected in two stages from softwood lumber buyers at 

treating plants in the U.S., through two mail surveys. In the first stage, a mail questionnaire 

was sent to buyers at treating plants to collect data for steps one and two of the study. In the 

second stage, a second questionnaire was developed based on the results obtained in the first 

stage, and the data for step three were collected from the buyers who had responded to the 

earlier questionnaire. 

3.3 STEPS RELATED TO THE DEVELOPMENT OF SURVEY INSTRUMENTS 

The Fishbein (1967) multiattribute model has long prevailed as a theoretical base in the 

determination of a buyer preference among multiattribute products. However, a relatively new 

technique called conjoint analysis has emerged from the branch of mathematical psychology 

and psychometrics as a powerful quantitative method to effectively predict the buyer's choice, 

and how the buyer makes trade-offs among multiattribute product alternatives (Ding, Geschke, 

and Lewis 1991). The use of conjoint techniques has become widespread in the academic 

community and commercial applications since it was introduced by Luce and Tukey in 1964, 

and used in marketing research by Green and Rao (1971) and Green and Wind (1975). 
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Unlike the Fishbein Model where the measures of belief and importance for an attribute 

are used to predict the overall preference for the altemative, the conjoint model identifies the 

joint effect of two or more attributes given the overall preference for the product. The principle 

underlying conjoint analysis is that each product is composed of attributes, and each attribute 

has a number of different levels. These attributes and their levels are combined to formulate a 

set of alternatives. Based on the buyer's preference (ratings) for each of these alternatives, this 

technique provides information about the relative importance of various attributes of a product 

and values (utility or part-worth scores) of different levels of a single attribute (Green and Wind 

1975). 

The results of conjoint analysis’ allow a marketing manager to understand how each 

attribute ranks against other attributes of a product in terms of importance and how a trade-off 

can be justified when different attributes are combined in a certain fashion (Ding, Geschke, and 

Lewis 1991). This technique can be a strong marketing tool to predict consumers’ preferences 

among multattribute product altematives. Furthermore, conjoint analysis is a reliable analytic 

technique (Bateson, Reibstein, and Willing Boulding 1987). Conjoint analysis successfully 

provides the answers to the value-related questions, and it has the highest judged success out 

of nine value assessment methods (Anderson, Jain, and Chintagunta 1993). The nine value 

assessment methods Anderson, Jain, and Chintagunta (1993) mentioned in their “state-of- 

practice study" were conjoint analysis, focus group value, direct survey questions, indirect 

survey questions, compositional approach, benchmarks, importance ratings, field value-in-use, 

and intemal engineering assessment. 

In the past, perceived value has been investigated by using different techniques 

(Andrews and Valenzi 1971; Dodds, Monroe and Grewal 1991; Monroe and Krishnan 1985; 

  

Conjoint analysis was also referred as trade-off method in the document 
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Render and O'Conner 1976). In these studies, the number of cues or attributes used were 

restricted and the measurement techniques used were compositional, where the value of the 

dependent variable (such as the preference for the product) is calculated from the respondent- 

supplied values for the independent variables (i.e., product attributes) (Hair et al. 1992, Wyner 

1992). In reality, evaluation of a product or service or actual purchase behavior results not from 

a single isolated benefit, but from an aggregation of benefits associated with a particular product 

or service. That is, when a product or service is presented with a bundle of benefit attributes, 

consumers trade-off one attribute against another while making purchase or evaluative 

judgements. 

Many traditional measurement techniques provide scale values of the importance of 

product or service attributes (Wyner 1992). These values may range from “not at all important" 

to “extremely important’. However, traditional techniques produce low discrimination on 

attribute importance and even unreasonable results because respondents often insist that all 

attributes are highly important to them. For example these techniques may show that 

respondents want Mercedes cars at Geo prices. Furthermore, the data resulting from traditional 

methods produce will not be useful in combining attributes to create a desirable product or 

service. For example, a traditional technique may isolate price and other attributes as the "most 

important" attributes, but it would not provide an answer to a question such as, which price 

levels are likely to generate price resistance (Wyner 1992). Conjoint analysis minimizes these 

weaknesses. 

Conjoint analysis employs a decompositional rule where values for independent 

variables (attribute levels) are derived based on the respondent-supplied value for the 

dependent variable (Hair et al. 1992). The strength of this method is that it asks the respondent 

to make choices in the same fashion as consumers presumably do -- by trading features off, 
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one against another when reacting to whole products (SPSS Inc. 1990). Conjoint analysis can 

be used to derive the relative importance of each attribute and the most preferred level of each 

attribute based on the respondent's evaluation of whole products (SPSS Inc. 1990). 

While commenting about the future directions in conjoint analysis, Green and Srinivasan 

(1990, p.17) suggest that future research should include “descriptive and normative studies for 

measuring customer satisfaction and perceived product and perceived service quality." In line 

with this suggestion, this study used conjoint analysis to measure industrial buyers’ (treaters’) 

perceived quality, and their trade-offs between cost and benefits. 

The design of conjoint analysis involves a series of steps that are interdependent. 

Therefore, the following section details the steps taken to develop the survey instrument and to 

gather data for this study within the framework of conjoint analysis. 

3.3.1 Selection of Independent Variables 

Key decisions in designing a study include the number of attributes to investigate, which 

attributes and levels to include, and which to leave out. Churchill (1991) points out that the 

selection of attributes for conjoint measurement is crucial and the selection should be made 

after in-depth interviews with subjects, or any other techniques that shed light on important 

attributes which are relevant to the study. 

In accordance with these recommendations, the preliminary variables of interest for this 

study were drawn from Hansen's (1994) study in which respondents were asked to rate each 

attribute based on its importance to the quality of lumber or service. Using these variables as a 

Starting point, the lumber and service attributes for this study were developed after conducting 

in-depth field interviews with the people who are responsible for buying softwood lumber for 

treating plants located in Virginia. 
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Lumber buyers were asked to identify key attributes from a list of attributes that 

previous research (Hansen 1994) had shown to be determinant in lumber quality. Buyers also 

identified the appropriate levels for each attribute. Levels for each attribute were defined over 

the range of attribute variation. Final levels for each attribute were determined based on the 

personal interviews with treaters, general specificatins found in the grading rules, and 

practicality of these levels. This method of selecting attributes and levels for each attribute 

emulated the typical procedures for developing a conjoint design. The identified attributes 

served as independent variables for the study and these attributes and their levels? are shown 

in Table 3.2 and Table 3.3. These features or attributes were used in the first stage of the 

study to collect data for measuring perceived lumber and service value. Attributes for the 

second stage of the study (quantification of total product value) were chosen from the attributes 

used in first stage based on their relative importance, in terms of perceived value. Table 3.4 

provides the list of attributes and their levels® used for the quantification of perceived total 

product value. 

Cattin and Wittink (1982) report that a typical conjoint analysis study uses an average of 

six or seven attributes. When the number of attributes and levels increases, it is difficult for 

respondents to evaluate all alternatives and give consistent and meaningful answers. The 

number of attributes was limited to six in the investigation of perceived lumber value and 

perceived service value and to five in the investigation of total product value. Attributes were 

limited to six or five to ensure that the estimation procedures are reliable, and they sufficiently 

account for buyer preferences. Reibstein, Bateson, and Boulding (1988) state that one should 

  

Some of the levels shown in Table 3.2 were also referred with a slightly different name in the remainder of the document. Please 

see footnotes of Table 3.2 for the variation in the name of these levels. 

Some of the levels shown in Table 3.4 were also referred with a slightly different name in the remainder of the document. Please 

see foomotes of Table 3.4 for the variation in the name of these levels. 
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not be overly concerned about the attributes not included in the study, as long as the important 

attributes are included. According to this recommendation, efforts were made to include the 

important attributes in the study by taking several alternative means. 

Specific levels for each attribute (Tables 3.2 and 3.3) were identified after in-depth 

personal interviews and the specificatons of grading rules. These levels were selected to 

facilitate measuring their impact on buyers' perception of value. Price levels were listed in 

terms of market price, as softwood lumber prices tend to fluctuate. Buyers usually have a 

reference or expected price in their mind (Thaler 1985). Softwood lumber prices fluctuate 

frequently and buyers use weekly published lumber prices as a benchmark (reference price). 

Therefore, price levels were specified relative to the market price (Tables 3.2 and 3.3). Six 

independent variables for each lumber value and service value, and five independent variables 

for total product value were manipulated in the research to determine the value perceptions of 

treaters. Manipulations were dependent on the number of attribute levels chosen for each 

attribute. 

3.3.2 Preference Model 

A mixed model was specified for each perceived value investigation. The attributes 

included in the three perceived value (lumber value, service value, and total product value) 

models are categorical as well as quantitative. Part-worth model was specified for all the 

categorical attributes, and a vector model was specified for price attribute. The model 

specification for each attribute was verified after the data collection. The mixed models 

generated the best fit for the data. The general form of the three value models is: 
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F (3.1) PVjn = pfs (Xyo1) + VoXynp ° 

Where 

PV, = perceived value of the j” (lumber or service or total product) stimulus for the n” 

respondent 

t = total number of categorical attributes (five each for lumber value and service 

value stimulus evaluation and four for total product value stimulus evaluation) 

Xin = the level of the /” attribute for the /” stimulus facing n” respondent 
f = the function denoting the part-worth of different levels of X,,, for the /” attribute 
V,, = vector coefficient for the attribute price (p) 

Xin = the level of price (p) attribute for the /” stimulus facing n” respondent 

3.3.3 Conjoint Design 

The full-profile method was used to collect data from softwood lumber treaters. The 

full-profile conjoint design is the most commonly used design in conjoint measurement studies 

(Wittink and Cattin 1989, Wittink, Vriens, and Burhenne 1994). Unlike the paired comparison 

methods, the full-profile method is not sensitive to the use of minimum fractional factorial design 

(Reibstein, Bateson, and Boulding 1988). An advantage of the full-profile method is that the 

respondents’ task is natural. Respondents see the stimuli that are relevant to actual products 

because those stimuli are described on all important attributes. Each stimulus consists of a 

certain combination of attribute levels (one per attribute) that are selected for the study (Hair et 

al. 1992). The reliability of estimated parameters does not depend on what combinations of 

attribute levels were included in a stimulus (Reibstein, Bateson, and Boulding 1988). This 

stimulus presentation method allows the use of fractional factorial designs, which reduces the 

number of judgements the subjects are required to make. 

In this study, for example, a lumber pack (the stimulus) may consist of a combination of 

one level of grading accuracy, one level of wane, one level of moisture content, one level of 

lumber straightness, one level of lumber appearance, and one level of price. The full-profile 
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descriptions illustrated in Figures 3.1, 3.2, and 3.3 depict hypothetical lumber pack stimulus, 

service stimulus, and total product stimulus, respectively. 

In each perceived lumber value and service value investigation there are three 

attributes at three levels each, two attributes at two levels each, and one attribute at four levels. 

The resulting number of possible combinations a respondent would be required to evaluate for 

each value investigation is therefore 432 (3 x 3 x 3 x 2 x 2 x 4). This number of comparison 

would cause information overload and tempt respondents to provide unreliable data by 

simplifying the experimental task. In the total product value investigation, the number of 

possible combinations is also high, at 324 (8x3 x3x3-x 4). 

An orthogonal fractional factorial design (Green 1974) was utilized for each value 

investigation to reduce the judgement burden imposed on respondents. This type of design is 

useful to investigate the main effect of attributes on perceived value. When the simple and 

higher order interactions are included in the design, they make the design more complex, thus 

causing the respondents’ judgement task to become more difficult. Any benefit obtained by 

including interactions in the design is precluded by the poor quality of the resulting data. 

Bateson, Reibstein, and Boulding (1987) recommend the use of fractional factorial 

designs, even when full factorial designs are feasible. The argument behind their 

recommendation is that the reduction in the subject's task may encourage greater effort from 

the respondent in evaluating each profile. Hence, in most of the conjoint measurement studies, 

the main effect of attributes on the dependent variable are investigated and interaction effects 

ignored (DeSarbo et al. 1994; Riquelme and Rickards 1992; Graf, Tanner, and Swinyard 1993). 

A fractional factorial design of 16 stimuli was generated for each value investigation 

using the "Conjoint Designer" software developed by Bretton-Clark (1992). This software 

automatically randomizes certain aspects of the design. These sixteen stimuli were the 
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minimum possible size, given the number of attributes and their levels, and it represents normal 

industry practice of trying to minimize respondent fatigue (Green 1974, Greenberg 1986). 

Four additional stimuli were included in each investigation to serve as holdout stimuli 

(cards). The purpose of holdout cards is to assess the reliability of the estimated parameters. 

Respondents rate these holdout cards but their ratings are not used to estimate the utilities 

(parameters). These holdout cards facilitate testing of the stability of the model beyond the data 

on which the parameters were estimated. Holdout cards are the most commonly used method 

of assessing the cross-validity or reliability of estimated parameters (Bateson, Reibstein, and 

Boulding 1987). 

Each of the product profilas was reviewed to avoid unrealistic combination. Some 

profiles in the service design were changed to make the profiles believable. Tables 3.5, 3.6, 

and 3.7 illustrate the point biserial correlation matrix of attributes for each investigation. When 

the design is orthogonal the intercorrelations between attributes will be zero. Tables 3.5 and 

3.7 illustrates that the designs of lumber value and total product value are orthogonal as there is 

no correlation between the attributes. However, as some of the service stimuli were modified to 

make them believable, correlation exists between reputation of the supplier feature and the rest 

of the service features, in addition to price. Even after the changes were made to certain 

service profiles, the design was nearly orthogonal (Table 3.6). The largest absolute correlation 

(0.17) exists between reputation of the supplier and price attributes. A correlation of 0.7 or 0.8 

between attributes usually present no serious problem when designing a study that investigates 

the main effect of attributes (Bretton-Clark 1990). 

The actual design matrix for each value investigation is shown in Tables 3.8, 3.9, and 

3.10. The rows of each design matrix correspond to profiles, while the columns of the matrix 
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correspond to attributes. The first sixteen profiles in each design were used for estimation, and 

the last four profiles for cross-validation of the results. 

3.3.4 Stimulus Presentation 

A verbal description approach was adapted to present each stimulus for collecting data 

from respondents. In the majority of previous conjoint studies, verbal descriptions were used for 

the presentation of stimuli to respondents (Wittink et al. 1994). In this approach, each stimulus 

defines the levels for each of the attribute included in the study. All twenty stimuli describing 

the levels of each attribute were presented to lumbar buyers by listing each stimulus one after 

another in the questionnaire. In the first stage of the study, forty stimuli (twenty + twenty) were 

presented to softwood lumber buyers to gather data for perceived lumber value and perceived 

service value (Appendix A). In the second stage, another twenty stimuli were presented to 

buyers to collect data for total product value (Appendix B). 

3.3.5 Dependent Variable and Measurement Scale 

The dependent variable—perceived value-was measured using seven- and nine-point 

rating scale. The rating scale is the most popular measurement scale used in conjoint studies 

(Wittink and Cattin 1989 and Wittink et al. 1994). One of the advantages of a rating scale 

approach is that it can be used to collect data using mailed questionnaires. 

A seven-point scale was used for measuring the perceived lumber value and perceived 

service value, and the nine-point scale was used to measure the total product value. The 

seven-point scale is the most commonly used scale (Requelme and Rickards 1992). DeSarbo 

et al. (1994) used the seven-point scale while measuring perceived service quality of banking 

and dental services. Respondents circled the number on the scale that was a reflection of their 
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value perception of each stimulus. The nine-point scale for the second stage of the study was 

used to provide more choices to the respondents so that they could distinguish their value 

differences among profiles used in the study. In several conjoint studies, 9, 10 or 11 point 

rating scales were employed (Graf, Tanner, Swinyard 1993; Louviere and Timmermans 1992, 

Mackenzie 1990, and Shukla and Bruno 1991). Graf, Tanner, Swinyard (1993) used a ten-point 

scale in their study which had sixteen hospital profiles (stimuli). A general definition of value 

(quality for the price) was provided in the survey instrument before respondents rated each 

profile. 

3.4 DATA COLLECTION 

After developing the survey instrument as described above, a pilot test was conducted. 

This was done to assess the response rate and improve the quality of questions. Fifty subjects 

were selected randomly from the sampling frame after sorting the list by state, and a 

questionnaire along with a cover letter was sent through the mail. One week prior to the actual 

mailing, a pre-notification postcard was sent to each subject informing them of the study and 

forthcoming questionnaire. Another postcard was sent to all subjects a week after the original 

mailing of the survey instrument requesting that they return the questionnaire. A replacement 

questionnaire with another cover letter was sent to all non-respondents two weeks after mailing 

the second postcard. Again, one week after the second mailing of the survey instrument, a 

postcard was sent to all non-responding subjects reminding them to retum the survey 

instrument. Dillman's (1988) suggestions were followed while developing the survey instrument, 

postcards, cover letters, and for mail-out schedule of postcards and questionnaires. 

After two mailings, a total of 12 questionnaires were received from the lumber buyers. 

After adjusting for bad addresses and non-buyers of softwood lumber, the response rate was 
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27.9 percent (12 out of 43). This response rate was considered acceptable given the 

complexity of the survey instrument. Based on the results of the pilot study, a few modifications 

were made to the survey instrument to develop the questionnaire for the first stage (steps one 

and two) of the study. 

Data for the first and second stages of the main study were collected utilizing mail 

survey instruments. The first section of the survey instrument contained 16 questions, ranging 

from whether the respondent's company purchases softwood lumber for pressuring treating, to 

the respondent's agreement with various lumber quality and price sensitivity questions 

(Appendix A). Included in the survey were questions regarding the perceived value of lumber 

and services, percentage of treated volume in each product (grade) category, percentage of 

treated lumber volume in each softwood species, the most commonly treated lumber size and 

grade, and other information. Each mernber in the sampling frame received a one dollar bill 

with the survey instrument and an option to receive the summarized results of the study. This 

was done, in part, to stimulate the lumber buyers to cooperate by completing the survey. 

All the steps that were taken in the pilot test were followed while collecting the data for 

the first stage (measurement of lumber value and service value) and second stage 

(measurement of total product value) of the study. In the first stage of the study, a pre- 

notification postcard (Appendix A) was sent to each of the 440 (490 minus the 50 subjects used 

for the pilot test) buyers in the sampling frame. A questionnaire, with a cover letter and a dollar 

bill, was mailed to each buyer after one week of mailing the postcard. The cover letter 

explained what the study was about and attempt to convince the buyer that the study is useful 

and his or her response is critical to the success of the study (Appendix A). 

A follow-up postcard was sent to all the 440 buyers in the sample frame. The postcard 

served as a thank you note for those who had responded and as a courteous reminder for the 
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nonrespondents. Two weeks following the follow-up postcard, a short cover letter and a 

replacement questionnaire were sent to nonrespondents. The cover letter was meant to inform 

the nonrespondents that their questionnaire has not been received, and to request their 

response. Another follow-up postcard was mailed to all respondents a week after the mailing of 

the replacement questionnaire. This resulted in 151 responses from the buyers, which is an 

adequate number when the sample is relatively homogeneous (Ding, Geschke, and Lewis 

1991). After adjusting for bad addresses and buyers who did not treat softwood lumber, the 

response rate for the first stage of the study was 43.6 percent (151 out of 346). A few weeks 

later, all the respondents received a thank you letter for their cooperation with the study. This 

strategy was used to enhance the response rate of the second stage of the study. 

In the second stage of the study, the data collection procedures outlined above (with 

the exception of pre-notification), were utilized to collect the data for step three of the study (i.e. 

measurement of perceived total product value). All the buyers who responded to the pilot test 

(12) and first stage of the study (151) were included in this stage of data collection. The total 

number of buyers used for this step was 163 (12+151). Again, these buyers received one dollar 

and an option to receive the summarized results of the study. This was done to stimulate the 

lumber buyers to cooperate with the survey and reward respondents in a manner consistent 

with something related to their business. The response rate for the second stage of the study 

was 71.2 percent (116 out of 163). 

The questionnaire contained a total of 12 questions (please refer to Appendix B for the 

details)). After a brief introduction to the study, respondents were asked to distribute 100 points 

among lumber attributes according to their importance to the overall quality of lumber. They 

were then asked to assign 100 points among service attributes according to their importance to 

the overall service quality. The conjoint task then followed, which contained 16 profiles for 

79



Vijay S. Reddy Chapter 3 

estimation purpose and 4 profiles for validation purpose. Following the conjoint task, a battery 

of questions conceming the respondents’ evaluation of their current major supplier's service 

features and lumber features, including an overall total product quality assessment of their 

major suppliers were included in questionnaire. Following these questions, respondents 

answered a series of questions which were meant to investigate the sensitivity of respondents 

toward lumber quality, service quality, and total product quality. 

3.5 ESTIMATION PROCEDURES 

The main data for the study were analyzed using Conjoint Analyzer (Bretton-Clark 1992) 

software. The quantitative value of price was rank ordered with -$5 being the most preferred 

and $10 the least. A vector model was specified for price with the assumption that higher 

prices will result in lower perceived value ratings by buyers. The vector model assumes that 

the utility function for quantitative attributes, such as price, is linear. This means that the utility 

for prices not included in the study can be obtained by interpolation. 

The Conjoint Analyzer software uses ordinary least square (OLS) regression, with the 

perceived value rating of the profile as the dependent variable, to estimate the parameters. The 

estimated parameters are referred to as part-worths, utility scores or importance scores of 

attribute levels. They indicate the degree of importance of each attribute level to the buyer in 

the formation of value preferences for lumber, service, or total product. 

Conjoint Analyzer performs coding automatically based on the conjoint design (Tables 

3.8, 3.9, and 3.10) and analyzes data by using the OLS procedure. This procedure yields least 

distorted weights (utility scores) when compared to other methods irrespective of the type of 

stimulus presentations (Darmon and Rouzies 1991). Furthermore, OLS is by far the most 

preferable procedure to estimate the parameters when fractional factorial design is used (Cattin 
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and Bliemel 1978, Darmon and Rouzies 1991, and Green and Srinivasan 1978). In general, 

there is a substantial among-person variation in buyers preferences (Green and Srinivasan 

1978). Therefore, the estimation of the parameters was performed at the individual level before 

forming clusters based on the preference scores. However, the form of the preference model is 

generally assumed to be the same across the sample (Green and Srinivasan 1978). Further 

details of data analysis will be discussed while presenting the results in the next chapter. 

3.6 SUMMARY 

This chapter presented the details of questionnaire construction, particularly the 

selection of attributes, design of the study, and the data collection procedures. Buyers at 

treating plants located in the U.S. served as the population to this study and the sampling frame 

was developed using multiple sources. The survey instrument was developed by following the 

steps associated with a conjoint measurement study. The relevant attribute set was developed 

by reviewing literature and through personal interviews. The preference model for each 

independent variable was selected based on whether it was qualitative or quantitative. An 

orthogonal fractional factorial design consisting of sixteen profiles and four hold-out profiles was 

generated for each value (lumber value, service value, and total product value) investigation. 

Two surveys were developed in which the dependent variable (value perceptions) was 

measured using a rating-scale. A pilot test was administered before the data for the main study 

were collected in two stages. Data were obtained through mail survey. Ordinary least square 

regression estimation procedure was used to estimate the value parameters. 

The next chapter will present the results of all three steps of the study. After presenting 

the basic results, chapter four discusses the results of each value investigation in a separate 

section. 
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Lumber Pack Description 
  

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 
All the pieces in the lumber pack have 25% or less moisture content. 
All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 
Price -- Same as the current market price per mbf. 
  

Please circle the number that best represents the value (i.e. quality for the price) of the 

lumber pack described. Please assume the lumber package differs only on the listed 
characteristics, and all other characteristics remain the same. 

      Poor Excellent 
Value Value 

1 2 3 4 5 6 7 

igure 3.1 amprte stimulus to ta concerning the perceived value of lumber 
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Description of Supplier Service Characteristics 
  

Reputation of the supplier is above average. 
Ability to deliver lumber when promised is average. 
Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is above average 

The ease with which the supplier can be contacted by phone is above average. 

Price -- Same as the current market price per mbf. 
  

Please rate the value (quality for the price) of lumber provided by suppliers with the 
characteristics described above. Please assume that the quality of the lumber does not 

vary from supplier to supplier, only the listed supplier service characteristics vary. 

Poor Excellent 

Value Value 

1 2 3 4 5 6 7     
  Fi igure 3.2 Sample stimulus used to collect data concerning the perceived value of service 
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Description of total product 
  

All the pieces in the lumber pack have no wane. 

Reputation of the supplier is average. 
95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 
Price -- $10 above the current market price per mbf. 
  

How would you rate the value (quality for the price) of the above product and service 
combinations? (Please circle the number that most closely represents your evaluations. 

Please assume that the products differ only on the listed features.) 

  Poor Excellent 

Value Value 

1 2 3 4 5 6 7 8 9 

igure 3.3 ampte stimulus to col ita concerning the perceived value of tota 

product 
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Table 3.1 Wood preserving plants in the Unites States by State 

State # of State # of State # of 

Plants Plants plants 

Connecticut 1 || Maine 1 || Maryland 8 

Massachusetts 5 || New Hampshire 1 || New Jersey 3 

New York 10 }} Pennsylvania 20 || Rhode Island 1 

West Virginia 10 || Illinois 11 || Indiana 8 

lowa 1 || Kansas 1 || Kentucky 11 

Michigan 12 || Minnesota 9 || Missouri 10 

Nebraska 2 || North Dakota 1 || Ohio 10 

Wisconsin 14 || Florida 35 || Georgia 50 

North Carolina 33 || South Carolina 17 || Virginia 28 

Puerto Rico 5 || Alabama 46 || Arkansas 20 

Louisiana 18 || Mississippi 24 || Oklahoma 3 

Tennessee 7 || Texas 30 || Arizona 2 

Colorado 5 || Idaho 6 || Montana 6 

Nevada 1 || New Mexico 1 || South Dakota 4 

Utah 2 || Wyoming 3 || Califomia 14 

Oregon 10 || Washington 16 || Hawaii 7 

Total 543       
Source: Micklewright (1992) 
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Table 3.2 Softwood lumber attributes and levels used to measure lumber value 
  

Lumber 

feature/attribute 

Lumber attribute levels 

  

Accuracy of 
95% of the pieces in the lumber pack are on-grade or better 
  

97% of the pieces in the lumber pack are on-grade or better 
  

  

  

grading 
99% of the pieces in the lumber pack are on-grade or better 

Less than 50% of the pieces in the lumber pack have maximum 
allowable wane, and rest of the pieces have no wane 

Wane Less than 50% of the pieces in the lumber pack have pencil wane, and 

rest of the pieces have no wane 
  

All the pieces in the lumber pack no wane. 
  

Moisture content 

All the pieces in the lumber pack have 25% or less moisture content‘ 
  

All the pieces in the lumber pack have 22% or less moisture content® 
  

All the pieces in the lumber pack have 19% or less moisture content® 
  

Lumber 
straightness 

Less than 10% of the pieces in the pack have minimum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight’ 
  

All the pieces in the lumber pack are straight® 
  

Damage to lumber 

pack 

The lumber pack has minor forklift damage 
  

The lumber pack has no forklift damage 
  

Price/mbf   $5 below the current market price per mbf 
  

Same as the current market price per mbf 
  

$5 above the current market price per mbf 
    $10 above the current market price per mbf 
  

  

This level is also referred as "25% moisture content" in the remainder of the document 

This level is also referred as "22% moisture content" in the remainder of the document 

This level is also referred as "19% moisture content” in the remainder of the document 

This levels is also referred as "Maximum allowable warp” in the remainder of the document 

This levels is also referred as “straight lumber” in the remainder of the document 
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Table 3.3 Service attributes and levels used to quantify the value of supplier services 

Chapter 3 

  

Service feature/attribute Service attribute levels 
  

Reputation of the supplier 

Below average 
  

Average 
  

Above average 
  

Ability to deliver lumber when promised 

Below average 
  

Average 
  

Above average 
  

Lumber availability 

Within four weeks 
  

Within two weeks 
  

Within one week 
  

Supplier's willingness to handle 
problems professionally 

Average 
  

Above average 
  

The ease with which the supplier can be 

contacted by phone 

Average 
  

Above average 
  

Price/mbf   $5 below the current market price per mbf 
  

Same as the current market price per mbf 
  

$5 above the current market price per mbf 
    $10 above the current market price per mbf   
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Table 3.4 Product attributes and their levels used to quantify total product value 
  

Attribute/eatures Attribute levels 

  

Wane 

Less than 50% of the pieces in the lumber pack have maximum 
allowable wane, and rest of the pieces have no wane” 
  

Less than 50% of the pieces in the lumber pack have pencil wane, 

and rest of the pieces have no wane”® 
  

All the pieces in the lumber pack have no wane" 
  

Reputation of the 

supplier 

Below average 
  

Average 
  

Above average 
  

Accuracy of grading 

95% of the pieces in the lumber pack are on-grade or better’? 
  

97% of the pieces in the lumber pack are on-grade or better’® 
  

99% of the pieces in the lumber pack are on-grade or better’ 
  

Lumber availability 

Within four weeks 
  

Within two weeks 
  

Within one week 
  

Price/mbf   $5 below the current market price per mbf 
  

Same as the current market price per mbf 
  

$5 above the current market price per mbf 
    $10 above the current market price per mbf   
  

  

This level is also refeered as ' 

This level is also referred as " 

This level is also referred as " 

This level is also referred as " 

"maximum allowable wane" in the remainder of the document 

pencil wane” in the remainder of the document 

no wane” in the remainder of the document 

95% on-grade" in the remainder of the document 

This level is also referred as "97% on-grade” in the remainder of the document 

This level is also referred as "99% on-grade" in the remainder of the document 
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Table 3.5 Correlation matrix of attributes based on conjoint profiles used to estimate 
perceived lumber value 

Features/Attributes AG Wane MC LS DLP Price 

Accuracy of grading (AG) 1.00 0.00 0.00 0.00 0.00 0.00 

Wane 0.00 1.00 0.00 0.00 0.00 0.00 

Moisture content (MC) 0.00 0.00 1.00 0.00 0.00 0.00 

Lumber straightness (LS) 0.00 0.00 0.00 1.00 0.00 0.00 

Damage to lumber pack (DLP) 0.00 0.00 0.00 0.00 1.00 0.00 

Price/mbf 0.00 0.00 0.00 0.00 0.00 1.00 

Table 3.6 Correlation matrix of attributes based on conjoint profiles used to estimate 
perceived service value 

Features/Attributes RS AD LA HP EC Price 

Reputation of the supplier (RS) 1.00 0.00 0.00 0.00 0.00 0.00 

Ability to deliver (AD) 0.07 1.00 0.00 0.00 0.00 0.00 

Lumber availability (LA) 0.11 0.00 1.00 0.00 0.00 0.00 

Handling of problems (HP) 0.08 0.00 0.00 1.00 0.00 0.00 

Ease of contact (EC) -0.08 0.00 0.00 0.00 1.00 0.00 

Price/mbf -0.17 0.00 0.00 0.00 0.00 1.00 

Table 3.7 Correlation matrix of attributes based on the conjoint profiles used to estimate 
total product value 

Features/Attributes Wane RS AG LA Price 

Wane 1.00 0.00 0.00 0.00 0.00 

Reputation of the supplier (RS) 0.00 1.00 0.00 0.00 0.00 

Accuracy of grading (AG) 0.00 0.00 1.00 0.00 0.00 

Lumber availability (LA) 0.00 0.00 0.00 1.00 0.00 

Price/mbf 0.00 0.00 0.00 0.00 1.00                 
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Table 3.8 Fractional factorial design matrix for lumber value estimation 

Lumber Attributes 

Profile | Accuracy of Wane? MCe Lumber Damage to Price’ 
Grading* Straightness’ | Lumber Pack® | per mbf 

1 1 1 0 1 0 3 

2 1 1 0 1 1 1 

3 1 1 1 0 1 0 

4 1 1 1 0 0 2 

5 O 1 1 0 1 3 

6 0 2 1 1 0 1 

7 1 0 2 0 1 1 

8 2 1 1 0 0 1 

9 0 0 0 0 0 0 

10 2 1 2 1 0 0 

11 1 2 1 1 1 0 

12 1 0 1 1 0 2 

13 2 2 0 0 1 2 

14 0 1 2 1 1 2 

15 1 2 2 0 0 3 

16 2 0 1 1 1 3 

17 0 0 0 1 0 3 

18 1 1 2 1 0 2 

19 2 2 0 0 0 0 

20 | 1 0 1 1 1 1 

a. 0 - 97% on-grade; 1- 95% on-grade; 2 - 99% on-grade 
b. O - Maximum allowable wane; 1 - No wane; 2 - Pencil wane 

Cc. 0 - 25% or less MC; 1- 19% or less MC; 2 - 22% or less MC 
d. 0 - Maximum allowable warp; 1 - Straight lumber pieces 

e. 0 - No forklift damage; 1 - Minor forklift damage 

f. 0 - $5 above the market price (per mbf); 1 - $5 below the market price; 2 - $10 above the market price; 3 - 
Same as the market price 
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Table 3.9 Fractional factorial design matrix for service value estimation 

Service Attributes 

Profile | Reputa-- | Ability to Lumber Handling of Ease of Price’ 
tion? Deliver | Availability® Problems* Contact® | per mbf 

1 0 2 2 1 1 2 

2 0 0 Q OQ 0 Q 

3 0 1 1 0 1 1 

4 0 1 1 1 0 3 

5 1 1 0 0 1 2 

6 1 0 1 1 0 2 

7 2 1 1 0 0 2 

8 2 2 0 1 0 1 

9 1 0 1 1 1 1 

10 0 1 2 0 0 1 

11 2 0 2 0 1 3 

12 1 2 1 0 0 3 

13 0 1 0 1 1 3 

14 1 2 1 0 1 Oo 

15 2 1 2 1 0 0 

16 2 1 1 1 1 0 

17 2 0 0 0 0 1 

18 0 1 0 1 1 3 

19 0 2 2 O 0 1 

20 2 0 1 1 0 2                     

™
o
a
o
c
p
 0 - Above average reputation (of the supplier); 1 - Below average reputation, 2- Average reputation 

0 - Below average (ability to deliver when promised); 1- Above average; 2 - Average 
0 - Within one week: 1 - Within four weeks; 2 - Within two weeks 

0 - (Supplier willingness to handle problems professionally) Average; 1 - Above average 

0 - (The ease with which the supplier can be contacted by phone) Average; 1 - Above average 

0 - $5 above the current market price (per mbf); 1 - $5 below the current market price; 2 - $10 above the 

current market price; 3 - Same as the current market price 
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Table 3.10 Fractional factorial design matrix for total product value estimation 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

    

Total Product Attributes 

1 2 2 0 1 1 

2 1 2 1 0 2 

3 1 1 O 1 2 

4 0 0 0 @] @] 

5 2 1 1 0 3 

6 0 2 2 1 3 

7 O 1 1 1 2 

8 2 1 1 1 O 

9 1 0 1 1 1 

10 1 1 2 0 1 

11 1 2 1 2 0 

12 1 1 2 1 0 

13 0 1 1 2 1 

14 2 @] 2 2 2 

15 1 1 0 2 3 

16 1 0 1 1 3 

17 2 2 0 2 2 

18 1 1 2 0 3 

19 0 2 1 1 @] 

20 2 1 O O 1             
  

@
o
a
0
7
p
 0 - Maximum allowable wane, 1 - No wane; 2 - Pencil wane 

0 - Above average reputation (of the supplier); 1 - Below average reputation; 2- Average reputation 
0 - 97% on-grade; 1- 95% on-grade; 2 - 99% on-grade 
0 - Within one week; 1 - Within four weeks; 2 - Within two weeks 

0 - $5 above the market price (per mbf); 1 - $5 below the market price; 2 - $10 above the market price; 3 
Same as the market price 
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CHAPTER 4 

ANALYSIS AND RESULTS 

This chapter presents the analysis and results pertaining to all three steps of the study. 

First, study results will be used to profile the softwood treating industry. Following this, results 

relating to perceived lumber value, service value, and total product value will be presented 

separately. The chapter concludes with a summary of the results. 

4.1 NON-RESPONSE BIAS 

As indicated in the previous chapter, 151 questionnaires were received in the first stage 

of the study. This resulted in an adjusted response rate of 43.6 percent. The data were first 

coded and one-way tabulations were performed to detect coding errors, locate outliers, and 

determine the empirical distribution of the variables. 

To test for non-response bias, a common concern in survey research, data from early 

respondents were compared to data from late respondents using t-tests (Fowler 1984). Early 

respondents were defined as all respondents who replied to the first mailing, and late 

respondents were defined as all respondents who replied to the second mailing. !n addition, 

respondents who fumished data by completing the first questionnaire but sending it back one 

week after the second mailing were considered as late respondents. 

Respondents were compared on several variables including: softwood volume treated 

by grade and species, total reported treated volume distributed through each channel of 

distribution, total softwood volume treated in 1993, and various quality mindedness and price 

mindedness variables. No significant differences (at the 0.05 level) were found to exist between 

the early and late respondents on the basis of these variables, except for two variables: volume 

treated in other grades and treated lumber production distributed through wholesalers. The 
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range of p-values obtained in the t-tests for the variables that were not significant was 0.08 to 

0.99. Between early and late respondents, the mean values of volume treated in other grades 

(p = 0.04) and treated lumber production distributed through wholesalers (p=0.001) were 

significant beyond the a level 0.05. Late respondents tended to treat a higher volume of other 

grade softwood materials and distribute more treated production through wholesalers and 

brokers. However, this difference should not diminish the usefulness of the value rating results 

obtained for lumber and services because the primary interest of the study is to estimate the 

trade-offs between quality and price and these two groups’ perceptions are not different on price 

and quality mindedness variables. 

4.2 PROFILE OF RESPONDENTS 

In this section, the demographic results obtained through the mail questionnaire in the 

first stage of the study will be presented. In particular, this section contains information 

conceming the location of plants, volumes of treated materials, most commonly treated sizes 

and grades, and the percentage of treated lumber sold through various channels of distribution. 

Please note that the reported results are based on the respondents’ total treated volume in 

1993. 

4.2.1 Location of Plants and Percentage of Volumes of Treated Material 

Respondents were asked to report the total softwood lumber their company treated in 

1993 and the region where majority of their company's plants are located. The total volume of 

softwood lumber treated in 1993 by 151 respondents was 4.489 million board feet. This 

captured softwood lumber treated volume in this study was 77% of the total treated (softwood 

and hardwood) lumber reported by Micklewright (1994). On average, each plant in the U.S. 

94



Vijay S. Reddy Chapter 4 

treated a volume of 29.728 million board feet of softwood lumber in 1993. Respondents’ wood 

preserving plants were located throughout the U.S. However, a higher percentage of 

respondents’ treating plants were located in the Southern Region. Sixty-two percent of the 

respondents’ plants were located in the South, and these plants treated 67 percent of the total 

reported treated softwood lumber volume. The percentage of total plants located in Midwest, 

West, and Northeast was 16.7 percent, 10.7 percent, and 8 percent, respectively. These three 

regions treated 7.7 percent, 5.4 percent, and 18.3 percent of the total reported treated softwood 

lumber volume, respectively. Figure 4.1 presents these percentages (plant location and treated 

volume) by region. 

Micklewright (1994) reports that the percentage of treating plants located in South, 

Midwest, West, and Northeast are 57.1, 18.6, 12.8, and 11.5, respectively. The percentage of 

volume treated in these regions was 59.7, 17.5, 12.1, and 10.7, respectively (Micklewright 

1994). In the present study, since data were collected only from softwood lumber treaters, the 

results are slightly different from the Micklewright (1994) study which surveyed all treaters. 

4.2.2 Grade and Size of Treated Lumber 

Respondents were asked to report their company's most commonly treated softwood 

lumber grade and size. The results indicate that the most commonly treated grade of lumber 

was #2. Seventy-two percent of the respondents reported that the most commonly treated 

lumber grade was #2 or #2 & other grade lumber. Out of this 72 percent of the respondents, 

58.9 percent of the respondents reported that they treat #2 lumber most commonly, and 10.6 

percent of the respondents reported that they treat #2 and Better lumber most commonly. The 

remaining respondents mentioned that their company's most commonly treated grade was #2 

and Studs. 
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The most commonily treated lumber size was 2 inch (thickness) X 6 inch (width). Thirty- 

seven percent of the respondents indicated that this was their company's most commonly 

treated size. The second most commonly treated size was 2 inch x 4 inch. Twenty-four 

percent of the respondents reported this as their most commonly treated size. 

Approximately 64 percent of the respondents reported that they treat 2-inch-thick lumber 

in various widths and lengths. The next most commonly treated softwood product thickness 

was 6 inch. Nine percent of the respondents treated 6-inch-thick softwood products. In terms 

of lumber width, 43.6 percent of the respondents reported that their company’s most commonly 

treated lumber width was 6 inch. In terms of length, 27.5 percent of the respondents most 

commonly treated 8 foot long softwood products. 

4.2.3 Procedure to Calculate Percentages by Volume 

While gathering data, respondents were requested to report the percentage of volume 

treated by grade and species, percentage of volume sold to various channels, percentage of 

dimension lumber volume treated, and percentage of lurnber bought from out-side sources. If 

these results were reported by simply taking the average, they will not reflect the true 

percentages as the total volume treated by each company is different. To eliminate this 

drawback, the reported percentages in each category (grade, species, channels of distribution, 

etc.) and reported total treated volume were used to derive the average percentage of treated 

volume in each category. 

The following explains the procedure used to calculate the average treated softwood 

lumber volume in each category. Although the example shows the calculation of percentage of 

total treated lumber volume in each of the grade categories, the percentage of treated volume in 

other categories can be obtained by using the same method. 
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a 

GV = 2 [V) (G1, + G2, + G3, + RP, + RS; + OT,)] (4.1) 

Where 

GV = total treated volume in all grade categories for all respondents 

G1, = reported grade one percentage by respondent / with respect to the total 

softwood treated volume 

G2, = reported grade two percentage by respondent / with respect to the total 

softwood treated volume 
G3; = reported grade three percentage by respondent / with respect to the total 

softwood treated volume 

FP; = reported premium radius edge decking percentage by respondent / with 

respect to the total softwood treated volume 

RS, = reported standard radius edge decking percentage by respondent j with 

respect to the total softwood treated volume 

OT; = reported other material percentage by respondent / with respect to the total 

softwood treated volume 
V; = total reported treated softwood volume by respondent / 

n = number of respondents 

G1, + G2,+ G3, + RP; +AS,+ OT, = 100 percent. 

The percentage of treated volume in each grade category was calculated by using the 

results derived above. For example, the percentage of #1 lumber treated was calculated using 

the following equation: 

(G1,*V) (4.2) 
= =1 PG1 av 

Where 

PG1 = _ percentage of calculated grade one treated volume based on the total 

reported treated volume and reported percentage of #1 lumber treated 

volume 

The percentage of treated volume in each grade category, other than grade #1, was 

also calculated by using equation (4.2). In addition, the percentage of treated volume for each 

species category, the percentage of treated volume sold through various distribution channels, 

97



Vijay S. Reddy Chapter 4 

the percentage of treated volume in dimension lumber, and the percentage of treated volume 

purchased from outside sources were also calculated by using the procedures outlined in 

equation (4.1) and (4.2). The following subsections (4.2.4 to 4.2.8) present results obtained 

using this procedure. 

4.2.4 Treated Lumber Grades (Volume-Based Percentages) 

The most common softwood lumber grade treated was #2. This grade accounted for 

approximately 59 percent of the total treated volume which is approximately equal to the directly 

reported results (see section 4.2.2). Grade #1 followed with 16.6 percent of total reported 

treated volume. Premium radius edge decking and standard radius edge decking accounted for 

6.1 percent and 9.3 percent of the total reported treated volume, respectively. Figure 4.2 

illustrates the percentage of reported treated volume in each grade. 

4.2.5 Species Treated (Volume-Based Percentages) 

Southem pine was the most common softwood treated by respondents in 1993. This 

species group accounted for 86.9 percent of the softwood volume treated by respondents. This 

percentage is similar to the results reported by Micklewright (1992). According to Micklewright, 

southem pine products accounted for 83.3 percent of the total treated lumber and timber 

volume. Hemlock-fir is the second most commonly treated species group, accounting for 4.8 

percent of total reported volume. This was followed by ponderosa pine and Douglas-fir groups 

with 3.2 percent and 2.4 percent, respectively. Figure 4.3 illustrates the percentage of reported 

treated volume accounted by major softwood species or species group. 

Treated volumes in each species group varied by region. Southern pine was the major 

species treated in South, Northeast, and Midwest regions. Southem pine products accounted 
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for 98.9, 98.0 and 51.6 percent of the total treated volume in South, Northeast, and Midwest 

regions, respectively. Hem-fir is the most commonly treated species in West, accounting for 

70.9 percent of treated volume in this region. In the South and Northeast none of the other 

species accounted for any major portion of the treated volume. However, Ponderosa pine 

accounted for 25.0 percent and Norway pine accounted for 13.0 percent of treated volume in 

the Midwest. Douglas-fir accounted for 20.1 percent of treated volume in West. 

4.2.6 Share of Dimension Lumber Treated (Volume-Based Percentages) 

To separate respondents who treat predominantly dimension lumber (including radius- 

edge decking) from treaters who treat other material (boards, timbers, poles & pilings, 

foundation lumber, cross-ties, etc.), respondents were asked to report the percentage of their 

company's treated products in dimension lumber. Utilizing these reported percentages, the 

average percentage of total treated volume in dimension lumber was calculated using the 

method outlined in the section 4.2.3. According to the results, 66.6 percent of the reported 

treated products volume was dimension lumber, and the remaining percentage (33.3) was 

accounted for by other treated products. 

4.2.7 Sources of Lumber for Treating (Volume-Based Percentages) 

Buyers were asked "What percentage of the softwood lumber treated by your company 

in 1993 was purchased from sources (e.g., sawmills) not owned by your company?" The data 

shows that treaters purchase 90 percent of the softwood lumber they treat from outside 

sources. Thus, the majority of treated lumber is purchased from the market place and there 

may be opportunities for softwood suppliers to expand or retain their market share by creating 

customer value. 
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4.2.8 Channels of Distribution (Volume-Based Percentages) 

Treaters distribute treated production using various distribution channels. The most 

common distribution channels treaters use are home centers, lumber & building material stores, 

wholesalers, and industrial buyers. 

Respondents reported that they distribute the majority (74.2 percent) of the treated 

lumber production through home centers and lumber & building material stores. Treaters sold 

36.0 percent of the treated volume to home centers and 38.2 percent of the treated volume to 

lumber & building material stores. 

Figure 4.4 shows the percentage of total treated volume distributed through the major 

distribution channels. The do-it-yourself (DIY) customers and repair & remodeling professional 

contracts utilize the majority of the treated lumber volume, and they tend to buy it from local 

lumber and building material stores and home centers. In 1986, DIY and professional 

contractors accounted for 85% of retail treated sales (Smith 1988). Accordingly, respondents in 

this study distributed the majority of their treated production through home centers and lumber & 

building material stores. 

4.3 MARKET CONDITIONS AT THE TIME OF DATA COLLECTION 

The results presented in the remainder of this chapter should be interpreted by 

considering the prevailing market conditions for softwood lumber at the time of data collection. 

Particularly, the results related to price should be interpreted by taking the prevailing market 

prices into account. 

Data for the first stage of the study (lumber value and service value) were collected 

between April and May and the second stage of the study (total product value) were collected 

between June and July of 1994. Figure 4.5 provides the price (net f.o.b. Mill) per thousand 
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board feet of 2" x 6" x 8’ — #2 grade southem pine lumber. In this figure, price was shown by 

month for the year 1993 and 1994, and it was calculated by averaging the prices of 2" x 6" x 8' 

~ #2 grade southem pine lumber available at West', Central’, and East® regions of southern 

pine. Since the most commonly treated product was 2" x 6" x 8', #2 grade southem pine, 

Figure 4.5 captures the price of this grade, size, species lumber. According to this figure, the 

price of this size and grade southem pine lumber reached the lowest in April and steadily 

increased till August in 1994 before receding. This means that data for this study were 

collected when lumber prices were increasing. Therefore, the price sensitivity data should be 

interpreted by keeping this point in mind. 

In addition, housing starts in the U.S. were shown by month in Figure 4.6 for three 

years beginning from 1992. These housing starts were shown at the annual rate after adjusting 

for the seasonal variation. Please keep in mind that, in general, the housing starts in 1994 

were higher than in the past two years. Since the demand for lumber depends on housing 

starts and lumber prices vary according to the anticipated demand, data in Figures 4.5 and 4.6 

should be taken into consideration when interpreting the price sensitivity results of this study. 

4.4 PRICE MINDEDNESS AND QUALITY MINDEDNESS 

Buyers’ price mindedness and quality mindedness were measured using multiple items 

on a seven-point scale with end anchoring of strongly disagree (1) and strongly agree (7). Price 

mindedness was measured using five items and quality mindedness was measured using three 

items. Table 4.1 lists the items used to measure each dimension. Some of these items were 

  

Mils in Texas, Arkansas, Oklahoma, and Louisiana, west of the Mississippi River. 

Mills in Mississippi, Alabama, and Louisiana, east of the Mississippi River 

Mills in Georgia, Florida, South Carolina, North Carolina, and Virginia. 
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drawn from Anttila (1990) who used a similar approach to measure price and quality 

mindedness relative to color television and toothbrushes. 

Multi-item scales are more useful to researchers than single item scales when 

measuring a construct (Churchill 1979). With multi-item scales, the specificity of items can be 

averaged out when they are combined, relatively fine distinctions can be made among people, 

and the reliability of the measure is increased and measurement error decreased (Churchill 

1979). Reliability is the extent to which scaling results are free from experimental error (Peter 

1979). When the measurement scale has multiple items, Cronbach's coefficient alpha is the 

most commonly accepted measure to determine the reliability of the scale (Churchill 1979, Peter 

1979). The value of Cronbach's alpha statistic for price mindedness items was 0.62 and the 

value for quality mindedness was 0.65. These reliability values exceed Nunnally's (1978) 

suggested reliability values of 0.50 and 0.60 for early stages of research. 

As expected, lumber buyers were more price-minded than quality-minded. The mean 

rating (total score of the scale divided by the number of items in the scale) for the price 

mindedness dimension was 4.28, whereas, the mean rating for the quality dimension was 3.37. 

These two mean ratings were significantly different (t = 7.39 and p = 0.00). This result indicates 

that buyers in the sample perceive price as one of the major factors when making a softwood 

lumber purchase decision. Since most of softwood lumber is a commodity type product, it was 

expected that price would be one of the major factors influencing buyers, and the results 

support this notion. 

4.5 LUMBER VALUE DETERMINATION 

The responses received from the first mail survey were used to determine the roles that 

price and each intrinsic lumber attribute plays in the formation of lumber value. The number of 
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responses obtained in the study was adequate (please see sections 3.4 and 4.1 for further 

details on response rate), as the sample is relatively homogeneous in terms of the material they 

purchase. It also compares favorably with the number of respondents used in other studies 

(DeSarbo et al. 1994; Ding, Geschke, and Lewis 1991; Farahbod and Logan 1991; Graf, 

Tanner, and Swinyard 1993; Neslin 1983; Priem 1992; Riquelme and Rickards 1992). 

4.5.1 Analysis of Data Conceming Lumber Value 

Perceptions of lumber value and the importance of attributes in the formation of lumber 

value were determined using conjoint measurement. The model (part-worth, vector, or ideal- 

point) for each feature (attribute) was specified before the analysis of data. There are three 

ways to model a feature, as mentioned in Chapter 2. The part-worth model was specified for all 

five lumber features since it is appropriate for categorical or qualitative features. Because price 

is a quantitative feature, a vector model was specified. The vector model assumes that the 

utility value of price is linear. Thus, the utility for price levels not included in the study can be 

obtained by linear interpolation. 

The ideal-point model is appropriate for a quantitative feature when a customer's 

preference for the product diminishes as the attribute level values reach extreme (see Chapter 2 

for an explanation of this model). After analyzing the price feature using the vector model, it 

was re-analyzed by changing the model specification to an ideal-point model. The comparison 

of results indicated that vector model had a higher predictive accuracy so in all subsequent 

analysis the vector model was specified for the attribute price. 

While formulating the model specifications, some attributes, such as accuracy of 

grading, wane, lumber straightness, damage to the lumber pack, and price, were logically 

ordered (rank ordered) based on what levels of each attribute a rational respondent would 
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prefer when all else remain constant. Thus, for each feature, the most preferred level was 

assigned a rank of one, the second most preferred level was assigned a rank of two, and so on. 

For example; ranks one, two, and three were given to 99% on-grade, 97% on-grade, and 95% 

on-grade, respectively, for the feature accuracy of grading. Ranks of 1, 2, 3, and 4 were given 

to $5 below the market price, same as the market price, $5 above the market price, and $10 

above the market price for one thousand board feet of lumber, respectively, for the feature price 

with the assumption that a rational buyer would prefer lower prices to higher prices. The 

conjoint procedure does not require that each feature be logically ordered, however, ordering 

helps to identify the inconsistency in respondent's value perceptions. 

Sixteen conjoint profiles were used to quantify the importance of each attribute in 

determining lumber value. In the first stage of the analysis, each of the categorical independent 

variables in the profiles were represented by dummy variables using an effects coding scheme 

(described in the next paragraph). These dummy variables, along with price, were submitted to 

the ordinary least squares (OLS) procedures to derive part-worths (utilities) for each level of the 

attributes included in the study. 

Table 4.2 provides the details of the effects coding scheme used for all intrinsic Jumber 

attributes. In coding a categorical variable, the number of coded vectors necessary is equal to 

the number of levels (categories) of the categorical variable minus one. For example, accuracy 

of grading has three levels, thus requiring two vectors (Grade1 and Grade2) to represent all 

three levels. If the stimulus card has the level 97% on-grade, it was represented by "1" in the 

Grade vector and "0" in the Grade2 vector. In the same fashion, if the hypothetical lumber 

pack (stimulus) has the level 99% on-grade, it was represented by *0" in the Grade1 vector and 

"1" in the Grade2 vector. However, when the stimulus has the level 95% on-grade, it was 

represented by *-1" in both Grade1 and Grade2 vectors. The quantitative variable Price was 
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represented by the relative price (i.e, -5, 0, 5, or 10) specified in each stimulus. Irrespective of 

how the categorical variables are coded, the same overall model can be obtained. The 

regression equation will, however, reflect the specific vectors used. 

Table 4.3 shows an example data used to estimate the lumber value utility model for a 

respondent, after representing the intrinsic lumber attributes using an effects coding scheme. 

Each row in the table indicates one conjoint lumber package profile data. In the regression 

equation, value rating (second column in Table 4.3) of each profile was used as the dependent 

variables, and the levels of each lumber attribute and price served as the independent variables 

(row 3 to 11). 

As mentioned in Chapter 3, a standard main-effects mixed model was estimated by 

using OLS procedure. The response of a given respondent to the j" profile (stimulus) is given 

by: 

¢ @& 4.3 

PV; = dy dy Fig Kj1q) + VeXtp (4-3) 

Where 
PV; = perceived lumber pack's value for the /” stimulus (j = 1, .. ., 16) 
Xjiq = the level of the /’ attribute for /” stimulus. Each level takes 1 if stimulus / takes 

on q" level of the /” attribute, and 0 otherwise 
f, = the function denoting the part-worth of level gq for the /” attribute 

V, = vector coefficient for the attribute price (p) 

X,, = the level of attribute price (p) for the /” stimulus 
g, = the number of levels of the /” attribute 
t = the number of intrinsic lumber attributes (t = 5) 

4.5.2 Usefulness of the Individual and Aggregate—Level Models 

Each buyer responds differently and in a highly subjective fashion to the price and 

quality attributes when forming preferences or evaluating a product. According to Anttila (1990), 

Moller (1979) showed that individual level analyses produce more accurate predictions than 
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cross-sectional methods. Because of the substantial amount of among-person variation in 

consumer preferences, conjoint analysis is usually carried out at the individual level (Green and 

Srinivasan 1978). Therefore in conjoint analysis, data can be analyzed at the individual level 

with an assumption that the form of the preference model is the same for all individuals but the 

estimated parameters vary across the sample. The individual level measures (part-worth 

scores) can be pooled to obtain a composite value function model if the respondents are 

homogeneous. 

Research indicates that individual analysis (disaggregation) is the preferred method 

unless the population in the experiment is very homogenous in behavior with respect to the 

experimental variables (Green and Helsen 1989). Moore (1980) indicates that individual level 

analysis has predictive power of .822, whereas pooled regression, componential segmentation, 

and clustered segmentation have predictive power of .471, .509, and .613, respectively. In this 

study, the utilities of attribute levels will be estimated at the individual-level (DeSarbo et al. 

1994; Ding, Geschke, and Lewis 1991; Farahbod and Logan 1991; Louviere and Timmermans 

1992; Priem 1992; Riquelme and Rickards 1991), even though respondents are homogenous in 

terms of the material they purchase. Later, the results of individual-level analysis will be 

compared to the results of the aggregate — level (all respondents together) analysis (Graf, 

Tanner, and Swinyard 1993; Mackenzie 1990; Manalo 1990; Narasimhan and Sen 1992; 

Riquelme and Rickards 1991). 

4.5.3 The Individual-Level Model 

After individually analyzing the usable responses of 141 respondents, the rating data of 

26 respondents were discarded from the reported results if respondents give each profile the 

same rating and based on the number of reversals (in terms of their preferences for specified 
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levels of each attribute) and each respondent's adjusted R? value (Bretton-Clark 1992, Green 

and Wind 1975). 

If the respondent provides the same rating to each lumber pack profile, it indicates that 

(s)he is indifferent to all of the lumber features. Respondents who provided the same value 

rating for each profile were eliminated from the further analysis. In addition, a rational buyer 

should prefer a product with higher quality level over a product with lower quality level. If the 

estimated results for a respondent showed that (s)he has preferred a lower quality level over a 

higher quality level for several attributes, which are contrary to expectations, it can be implied 

that the data from that respondent is unreliable. Therefore, number of reversals (more than 3) 

was used as one of the criteria for eliminating unreliable data. Data from respondents whose 

adjusted R’ was low (<0.1) were also discarded from further analysis. After eliminating the 

inconsistent data, a total of 115 respondents, each providing value ratings for sixteen 

hypothetical lumber packs, were utilized for the analysis of lumber value. A utility function 

model for the lumber value was calculated for each respondent along with adjusted R?. 

The utility function was measured in abstract units of utilities (part-worths). These utility 

scores of the value function model were calculated based on the coefficient values (b) obtained 

in the regression equation. The coefficient values indicate the part-worth or utility that 

respondents assign to various levels of lumber attributes in the formation of overall value 

perceptions. In other words, utility determines how influential (effective) each level is in the 

formation of lumber value perceptions, hence the term utility or part-worth. These utility scores 

are directly related to the respondents’ ratings on a one to one basis. Thus, in the main-effect 

model part-worths are simply summed to determine overall value of a lumber pack that has any 

combination of attribute levels investigated in the study. 
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The utility scores of each level of the attributes used in the study for all 115 

respondents were pooled to obtain the group (average) utility (value) function. The pooled 

value function results are shown in Table 4.4. The adjusted R? of the pooled model was 0.65. 

This value compares well with the results obtained in the previous conjoint studies (DeSarbo et 

al. 1994, Riquelme and Rickards 1992). The R? statistic measures how well the utility function 

model fits the data. It is an indicator of the variance in the original data captured by the utility 

function. However, adjusted R? is an indicator of how well the estimated model predicts the 

lumber value in the population (given any levels of lumber attributes). Hence the adjusted R? 

statistic is a better measure of the model's adequacy. In addition, in conjoint analysis, R? 

provides a biased estimation due to the low degrees of freedom available in the model. 

However, adjusted R* corrects this problem as it was derived by using the following formula: 

  

(df roca: * R*) - Aho, (4.4) Adj. R*% = 
J dF nes 

Where 

Adj. R*? = adjusted R? 
Cf.1a = degrees of freedom - total, i.e. (n-1). In this example as the number of 

profiles (n) is 16, df,,.., = 15 
Of,,, = degrees of freedom - regression, i.e. p = # parameters estimated = 9 (2 

each for accuracy of grading, wane, and moisture content and 1 each for 

lumber straightness, damage to the lumber pack, and price). 

cf,,, = degrees of freedom - residual, i.e., n-p-1 = 16-9-1 =6 

The mean adjusted R? was calculated utilizing the individual-level adjusted R? The 

following steps were taken to obtain the mean adjusted R?: (1) each individual's adjusted R? 

was converted using an arcsin transformation; (2) the average of these arcsin values was 

calculated, and this average was reconverted to the original units. This procedure was adopted 
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to correct for the non-linearity of the R? statistic (Bretton-Clark 1992). The standard error for the 

mean adjusted R* was 0.025, and the true adjusted R? will lie within 0.65 + 0.05 (2 x standard 

error) 95 percent of the time. In other words, if this study is repeated 100 times, 95% of the 

time one would expect the average adjusted R? to fall between 0.60 and 0.70. 

4.5.3.1 Effects of attribute levels on lumber value 

Table 4.4 contains the mean (pooled) part-worth parameters, standard errors, and t- 

values associated with each attribute level. Results reveal that on average, respondents’ value 

ratings (1) increased with higher accuracy of grading (respondents assigned higher value to the 

lumber pack with 99% on-grade lumber than to pack with 97% on-grade or 95% on-grade); (2) 

increased for lumber that has no wane; (3) increased for lumber with 19% moisture content 

(MC); (4) decreased for warped lumber; and (5) increased for lumber that has no forklift 

damage; (6) increased linearly as the price of lumber decreased. Since the vector model was 

specified for the price, the linear relationship between the peceived value and price was 

observed. 

The t-values associated with each level, except pencil wane, and 25% moisture content, 

were statistically significant beyond the conventional a of 0.05. Stated differently, all other 

attribute levels, contribute significantly in determining the perceived lumber value, except levels- 

pencil wane and 25% moisture content. These two levels will neither increase nor decrease the 

average value of a lumber pack significantly. The standard error of each utility score indicates 

that respondent heterogeneity was considerably low, suggesting that the mean utility (part- 

worth) parameters are representative of respondents evaluations for lumber value. 

Each utility score indicates the effect of an attribute level on the perceived value when 

all other attribute levels remain constant. A positive utility score for a level indicates that the 
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level has a positive impact on lumber value. Since the scale used to measure the perceived 

value was a seven point scale, the magnitude of average value of lumber increase, on a 1 to 7 

scale, will equal the positive utility score of a level. For example, the attribute level no wane 

has a positive impact of 0.77, and the average value (intercept in the model which is equal to 

4.07) of the lumber pack with wane free lumber will increase by 0.77. A negative utility score of 

a level does not mean that respondents dislike this level. It simply indicates that respondents 

liked this level less than other levels of the attribute, and this level leads to a lower than 

average value rating. 

The part-worths shown in Table 4.4 indicate that a lumber pack with no wane (0.77) is 

by far the most preferred level, in terms of value, with $10 above market price (-0.96) being the 

least preferred level with a very low part-worth. Thus, the absence of wane in a lumber pack 

increases the average lumber value by 0.77 and a lumber pack that is priced $10 above the 

market price will decrease the average lumber value by 0.96. 

Based on the utility scores provided in Table 4.4, the mean lumber value function model 

for lumber treaters can be specified with the following equation: 

PVy = 4.074 Ugyy+ Uyay+ Upyy+ Ugay* Uguy+ (-0.10) * RP, (4.5) 

Where 

PV, = mean perceived value of /” lumber profile 
U = pooled utility score of a particular lumber attribute (g,w, . . ., d) level / for /” profile 

gii = f level of accuracy of grading for /” lumber profile 
wij = /” level of wane for /” lumber profile 
mij = f \evel of moisture content for /” lumber profile 

sii = f level of lumber straightness for /” lumber profile 
dij /” level of damage to the lumber pack for /" lumber profile 
RP relative price of /” lumber profile 

110



Vijay S. Reddy Chapter 4 

The first value (4.07) in equation 4.5 is the mean intercept score for the pooled model. 

This is the average of 115 intercepts obtained in the individual level model. The value (-0.10) is 

the mean vector coefficient value of the price for the pooled lumber value model. 

As a lumber pack can contain only one level of each attribute, one can find the 

perceived value of a lumber pack by substituting one of the utility scores for each attribute 

presented in Table 4.4 into equation (4.5). For example, the value of a lumber pack that has 

95% on-grade lumber, no wane, 22% moisture content, no warp, minor forklift damage, and a 

price of $5 above market price can be determined by adding the utility scores of these levels 

and the intercept value. So the value of the pack is 3.90* (4.07 - 0.27 + 0.77 - 0.14 + 0.27 - 

0.32 - (0.10 x $5)), when the value is measured on a seven-point scale. 

Knowing the part-worths allows the determination of the total worth, in terms of value, of 

a lumber pack that has different lumber attribute combinations, even of those that are not 

included in the orthogonal array. The most preferred combination of attributes is represented by 

a lumber pack that has 99% on-grade lumber, no wane, 19% moisture content, straight lumber, 

no forklift damage, and was priced $5 below the market price per thousand board feet. The 

total worth (the sum of the attribute level part-worths plus the intercept) of this combination is 

6.47. 

4.5.3.2 Differences between utility scores 

In the next stage of the analysis, tests were run to determine whether, for each 

attribute, the estimated utility scores of attribute levels are significantly different from each other. 

The resulting t- statistic and p-value for each null hypothesis and the conclusion for each test 

are shown in Table 4.5. The tests reveal that for all attributes except accuracy of grading and 

  

Calculated before rounding the intercept and utility scores 
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moisture content, the estimated utility scores for a given level are significantly different from the 

remaining levels. For the attribute accuracy of grading, the null hypothesis that the estimated 

utility score for 97% on-grade is equal to the utility score of 95% on-grade was not rejected at 

the 0.05 level. Nevertheless, the utility score for 99% on-grade differs significantly from the 

utility scores of 97% on-grade and 95% on-grade. In addition, the null hypothesis that the 

estimated utility score for 25% moisture content is equal to the utility score of 22% moisture 

content is not rejected. However, the utility scores of 25% moisture content and 22% moisture 

content differ significantly from the utility score of 19% moisture content. 

If all the utility scores of attribute levels for an attribute are significantly different from 

one another, each attribute level has a distinct effect on the perceived lumber value. Since 

respondents considered the utility scores of 97% on-grade and 95% on-grade as the same, 

suppliers can provide a lumber pack with either 97% on-grade or 95% on-grade lumber without 

significantly effecting the value buyers realize from the lumber pack. In the similar fashion, the 

value of a lumber pack will not be significantly different whether it has 25% moisture content or 

22% moisture content. 

4.5.3.3 Importance of attributes in the determination of value 

Table 4.6 shows the importance score (A,) for each attribute included in the study. 

Importance scores were calculated by subtracting the least preferred level from the most 

preferred level of the attribute. The greater the importance score, the more important the 

attribute is in influencing the perceived lumber value. Unlike importance values collected on 

simple scales, the importance scores reported here are ratio-scaled (Graf, Tanner, and 

Swinyard 1993) because all the part-worths (utility scores) were calculated in a common scale. 

This made it possible to assess the relative importance of each attribute, which can be 
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compared to other attributes’ importance scores. Relative importance indicates how much each 

attribute contributed to the respondent's evaluation of a lumber pack's value. If the relative 

importance of one attribute is found to be twice that of the second, it can be inferred that the 

first attribute is twice as important as the second. Figure 4.7 portrays the relative importance 

scores for the lumber attributes graphically. They were calculated by using the following 

formula: 

RI, = 1 + 100 J K (4.6) 

Where 

Ri, = relative importance of the /* attribute, in percent 

FR, = the utility score of the most preferred level of the /" attribute minus the utility 
score of the least preferred level of the /* attribute 

k = the number of attributes in the study (k = 6). 

Respondents considered wane to be the most important of the six attributes in 

contributing to the lumber value. The relative importance of wane was 29.4%. Price was 

considered the second most important feature in the formation of value perceptions with a 

relative importance of 28.3%. Therefore, in assessing the lumber value, wane and price are the 

most important; followed by accuracy of grading and damage to the lumber pack. The relative 

importance of accuracy of grading was 12.56% and damage to the lumber pack was 12.52%. 

The results indicate that buyers give the least importance to the moisture content , at 

least when moisture content is within the range used in this study. This can be attributed to the 

fact that lumber with moisture content up to 25% can be treated without prior drying. Hence, 

they traded-off moisture content to obtain lumber with other important features. 

113



Vijay S. Reddy Chapter 4 

Hansen (1994) obtained importance rating score, on a seven point scale, from treaters 

by asking them directly. Accuracy of grading was considered as the most important attribute to 

the overall Jumber quality. The mean importance score for this attribute was 6.33. Lumber 

straightness was considered to be the next most important attribute with a mean importance of 

6.08. The mean importance score of Absence of wane, undamaged lumber pack, and moisture 

content was 6.01, 5.99, and 5.76, respectively. In Hansen (1994) study, since the importance 

ratings were obtained one at a time and price was not in the decision-frame, the order of 

importance is different from the results of this study. 

The earlier results conceming the price mindedness and quality mindedness constructs 

support the results obtained here through conjoint analysis. Softwood buyers showed that they 

are more sensitive to price than quality. If buyers were quality minded, the relative importance 

values of lumber attributes, obtained in conjoint analysis, would have been equal to or higher 

than the relative importance score of price. Instead, wane is the only intrinsic lumber attribute 

that had higher relative importance score than price. Although buyers are price minded, they 

are unwilling to trade-off quality, in terms of wane, for a lower priced lumber pack. 

During the data collection, respondents were also requested to allocate 100 points 

among the five intrinsic lumber attributes (without the price attribute) based on their importance 

to the overall lumber quality. Table 4.7 shows the average points respondents allocated to 

each attribute. Respondents considered accuracy of grading as the most important among all 

the five attributes by allocating 30.9 out of possible 100 points. This may be attributable to the 

fact that when buyers were allocating points they may be simply considering the importance of 

grading lumber according to the grading rules (i.e., is it graded according to the grading rules or 

not). The next most important attribute to the respondents was wane, with an average of 23.6 
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points. Respondents considered the attribute damage to the lumber pack the least important 

(13.6 points) to the overall quality of lumber. 

It should be noted that when price was not included in the model and respondents were 

not forced to trade-off one attribute against another, they considered accuracy of grading as the 

most important attribute. However, when price was introduced into the decision frame-work and 

trade-off procedures were adopted, wane emerged as the most important attribute with the 

relative importance score of 29.4%. This demonstrates that when price was introduced into the 

model, respondents were satisfied with grading accuracy level specified in the grading rules 

(i.e., 95% on-grade) by foregoing higher percentage of grading accuracy in order to obtain 

lumber at a reasonable price. However, their second preferred attribute wane became the most 

important attribute in the trade-off analysis. Treaters revealed that they are willing to undergo 

some financial sacrifice to obtain lumber without wane. These results demonstrate the 

usefulness of using trade-off analysis to better understand the true perceptions of buyers. 

4.5.4 Aggregate—Level Model 

The aggregate—level model can be specified and attribute level utilities can be 

estimated when the respondents are homogeneous. The assumption of this model is that 

individuals are not different from each other in terms of their preference for a product. As the 

individuatlevel model data indicated that the respondents are homogenous in terms of their 

value preference, an aggregate—leve! value function model was developed using 1840 (115 

respondents X 16 responses from each respondent) value rating observations. The resulting 

aggregated model utility scores were the same as the pooled model utilities. Table 4.8 provides 

the statistics obtained for this model. The calculated F-ratio of 88.210 (with p value = 0.00) 

verified the significance of the effect of the attributes on the utility score of the respondents. 
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The null hypothesis that the intrinsic lumber attributes and price account for no variance in 

lumber value perceptions in the population of buyers of treating plants can be rejected. 

The obtained R?’ value is .30 for the aggregate model. So the best estimate of the 

proportion of lumber value variance accounted for by attributes used in the study is 30%. 

DeSarbo et al. (1994) reported .29 and .40 R? values in their study of perceived service quality 

measurement in the banking and dental industries, respectively. Manlo (1990) reported a R? 

value of .21 for his study of assessing the importance of apple attributes. As the obtained part- 

worths were the same for both pooled and aggregate model, the relative importance of 

attributes for the aggregate model were also the same as reported in Table 4.6. 

4.5.5 Assessment of Cross-Validity 

The next stage in the analysis was to generate a measure of reliability for each 

individual. To cross-validate the model, estimated individual part-worths (resulting from the 

utility function model) were used to predict value ratings on four holdout cards which were not 

utilized to estimate the respondent's utility function. These predicted value ratings were 

correlated with the observed value ratings for these four cards, where a correlation of 1 

indicates a perfect fit and 0 indicates a total lack of fit. Using Bretton-Clark’s (1992) conjoint 

analyzer software, the product-moment correlation coefficient for each respondent was 

calculated and individual correlations were transformed using the Fisher Z transform before 

averaging. After averaging, the coefficient value was re-converted. This transformation was 

necessary to account for extreme nonlinear nature of these coefficients. The average 

correlation for all respondents was 0.55. This compares well with previous conjoint study cross- 

validation results reported by Bateson, Reibstein, and Bouldings' (1987) study. These authors 

reported several studies mean correlation coefficients which ranged between 0.36 to 0.92. In 
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addition, the average absolute difference between the predicted and observed holdout value 

ratings was calculated. The average absolute difference between predicted and actual value 

rating was 0.87. None of previous conjoint studies reported this statistic and the range of 

values for this statistic depends on the scale used. However, the results of conjoint analysis 

are considered good when the average absolute difference is small. From the above results, it 

can be implied that the estimated utility scores are reliable. 

4.5.6 Evaluation of a Priori Propositions 

The following propositions were tested using two methods, and both are expected to 

either support or reject the proposition. For each test, hypothetical lumber packs were created 

by combining one quality level for each attribute. In the first method, the mean total utility 

(value) for each lumber pack was calculated based on utilities estimated using the 

individuaHlevel model. These derived mean lumber values for all lumber packs used in each 

proposition were compared to each other using t-test. If the proposition is supported, the mean 

total lumber values should be significantly different from each other. 

In the second method, simulation analysis was used to estimate the proportion of 

respondents preferring each product (lumber pack) in the scenario (the set of competing 

hypothetical lumber packs specified in each simulation). Simulators use a matrix of individual 

utility scores and a set of user defined product profiles. The most widely used simulation model 

is the first choice model (Bretton-Clark 1992). According to this model, a respondent is 

assumed to choose (prefer) that product for which his/her total utility is highest. In addition, it is 

assumed that lumber packs available for respondents are those that are specified in the 

scenario, and respondents have to choose one of the lumber packs in each scenario. 
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Total utility (value) for each of a set of competing lumber packs in the scenario were 

calculated for each respondent, and the share estimate for each lumber pack was determined. 

The share estimate for a lumber pack is the proportion of the respondents for which that lumber 

has the highest total value. If the proposition was supported, it is expected that the proportion 

of respondents preferring each lumber pack will be significantly different. The chi-square 

goodness-of-fit test will be used to test whether the proportion of respondents preferring each 

lumber pack is different from expected proportion. If share estimates of lumber packs are 

significantly different from the expected ones, a test of proportion will be utilized to evaluate 

which proportion is different from the expected proportion. The Z-statistic can be calculated for 

the test of proportion by using the following equation: 

z= _(p-%) (4.7) 
vt —-k fi 

Where 

Pp = proportion of respondents preferring lumber pack (Pack1 or Pack2 or Pack3) 

™ = proportion of respondents expected to prefer lumber pack (Pack1 or Pack2 or 

Pack3) 

n = _ sample size 

Theoretically, the distribution of proportions is binomial. However, z-test can be used to 

test the hypothesis as long as the smaller of nz or n(1-7) is 10 or more (Churchill 1991). The 

sample size in this study satisfies this condition, so the z-test was applied to test the 

propositions. 

P1. The perceived quality of softwood lumber is positively related to the quality of intrinsic 

lumber attributes. 

It was shown in Chapter 2 that price and quality of the product attributes influence the 

perceived value of a product. When the price is similar to the market price (reference price) or 
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remains constant, the perceived value will increase to a certain degree with the increase in 

quality. Thus, if the perceived value increases with the manipulation of product (lumber) 

attributes while the price remains the same, one can infer that the increase in value is due to 

the perceived lumber quality increase. On the other hand, perceived value can increase with 

the decrease in price, within a certain range, while the quality of the product attributes remain 

constant. With this notion, the proposition that perceived quality of softwood lumber is positively 

related to the quality of intrinsic attributes can be tested indirectly from the estimated perceived 

lumber value by manipulating quality levels of lumber pack while holding the price constant from 

one pack to another pack. 

To test this proposition, three hypothetical lumber packs with varying quality levels of 

attributes were created as shown in Table 4.9. All three lumber packs were assigned the same 

price. However, the quality level of attributes increased from Pack1 to Pack3. As the only 

difference among these packs was the quality of intrinsic lumber attributes, any increase in the 

estimated value increase from Pack1 to Pack3 can be considered as the result of a perceived 

quality increase. The proposition (P1) is supported if the estimated average lumber pack values 

for these three packs were significantly different from each other. The predicted mean value of 

Pack1 was 2.67, Pack2 was 4.37, and Pack3 was 5.99. The average values for these packs 

were compared using t-test, and they are significantly different from each other (p = 0.00). 

In addition, simulation analysis were used to further test the proposition P1 by using the 

same three hypothetical lumber packs created earlier. Based on the first-choice simulation 

model, the share estimate (proportion of respondents preferred each pack) for Pack1, Pack2 

and Pack3 was 1.7 percent, 9.1 percent and 89.1 percent, respectively. If the quality of intrinsic 

lumber attributes was not positively related to perceived quality which effects perceived value, 

the expected percentage of respondents preferring each pack should have been equal to 33.3 
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percent. As there are only three packs and each respondent selects one pack randomly, one- 

third of the respondents should choose each pack, if the perceived value is the same for each 

pack. Hence the hypothesis (H,: share estimate for Pack1 or Pack2 or Pack3 (z) = 0.33 and 

H,: = # 0.33) was tested using chi-square goodness-of-ft test and found that the observed 

share estimates were significantly different from the expected (i.e. 0.33) proportion. The test on 

a single proportion for each pack also indicated that the proportion of respondents preferring 

each pack is not equal to 0.33 and hence the null is rejected (p = 0.00). 

P2. The perceived value of softwood lumber is positively influenced by lumber attributes and 

negatively influenced by price. 

This proposition was also tested using t-tests on average mean values of lumber packs 

and simulation analysis. First, the influence of intrinsic lumber attributes on perceived value 

was tested by manipulating quality attributes in lumber packs while holding the price constant. 

If the estimated value of a higher quality lumber pack is significantly greater than the estimated 

value of a lower quality lumber pack, one can infer that intrinsic lumber attributes have a 

positive influence on perceived value. In the second part, the influence of price on perceived 

value was tested by manipulating the price of each pack while keeping the quality of each 

lumber pack constant. If the proposition is supported, the lower priced pack should have 

significantly higher average lumber value than the higher priced lumber pack. 

To test the first part of the proposition, Pack1 and Pack3 (Table 4.9) were used. These 

two packs differ from each other in terms of quality. Pack1 contain lower quality attribute levels 

whereas, Pack3 has higher quality attribute levels. However, the price of these two packs was 

the same. The obtained average lumber values for Pack1 and Pack3 (Table 4.9) support the 

proposition that the quality of attributes has positive influence on perceived lumber value. The 
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difference (-3.32) between the obtained perceived values of Pack1 and Pack3 was significant (p 

= 0.00). 

Pack4 and PackS (Table 4.10) were defined to test the second part of the proposition 

that price has a negative influence on the perceived value of softwood lumber. Price was 

varied ($10 for Pack4 and -$5 for Pack5) in these two packs, while keeping all the intrinsic 

attribute levels of lumber constant. The difference between the average value ratings of Pack4 

and PackS was -1.44 which is significantly different (p = 0.00). The simulation results of these 

two packs indicated that 94.4 percent of the buyers preferred Pack5 (Table 4.10) which is 

statistically different from the expected proportion of 0.50 (p = 0.00). Thus we can conclude 

that quality of intrinsic lumber attributes influence perceived value positively and price effects 

perceived value negatively. 

P3. The perceived value of softwood lumber is higher when the price is either lower than or 

the same as the reference price (market price). In addition, perceived value is lower 

when the price is above the reference price. 

This proposition was tested using t-tests on estimated mean average value scores for 

hypothetical lumber packs and a test of proportion using share estimates obtained through 

simulation analysis. Lumber packs which are priced at $5 below the current market price and 

current market price with the lumber pack priced at $10 above the current market price were 

compared. The quality level of each attribute remained the same for each pack. It is expected 

that the average value of lumber pack will be highest when the price is below the current 

market price and lowest when the price is above the current market price. 

As the pooled model vector coefficient value of price is negative, the average perceived 

lumber value decreases as the price increases above the market price. Hence, the value of a 

lumber pack will be higher when the price is either at market price (price has zero utility) or 

below the market price (price has a positive utility). Three Jumber packs were used to test this 
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proposition. The price of Pack5 (Table 4.10) and Pack3 (Table 4.9) was $5 below the current 

market price and same as the current market price, respectively. The average lumber value for 

these two packs were 6.47 and 5.99. However, when the lumber (Pack4) was priced $10 

above the market price, its average total value decreased to 5.03. The difference between the 

mean total value of Pack3 and Pack4 was 0.96 and Pack5 and Pack4 was 1.44, which are 

Statistically significant (p = 0.00). 

Simulation results of Pack3, Pack4, and PackS showed that buyers preferred Pack5. 

The percentage of respondents preferring these lumber packs was 93.9, 0.9, and 5.2, 

respectively. If the perceived value of these three packs were the same, it is expected that the 

proportion of respondents preferring each lumber pack should be 0.33. The chi-square 

goodness-of-fit test revealed that the share estimates for lumber packs are significantly different 

from the expected share (p = 0.00). In addition, the test of a single proportion confirmed that 

each pack's share estimate is significantly different from the expected ones (0.33). Thus, these 

results support that perceived value is lower when the price is above the current market price 

and higher when the price is below the current market (reference) price. 

P4. Certain lumber attributes have greater positive influence on perceived lumber value than 

do others. 

According to this proposition, when the quality level of a certain attributes were 

manipulated, the magnitude of increase in average value from one pack to another will be 

different than the increase when the quality level of other attributes were manipulated. This 

proposition was tested based on the average lumber values for different lumber packs and 

share estimates for these packs. 

Wane had the highest relative importance (29.40 percent) among all the attributes 

included in the study. This indicates that wane has the greatest positive influence on the 
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estimated lumber value when the quality level of wane increases from maximum wane to no 

wane. When the maximum wane lumber in Pack1 (Table 4.9) was replaced by no wane 

lumber, the average value of the lumber pack increased from 2.67 to 4.16. The increase of 

1.49 is statistically significant (p = 0.00). However, when the 95% on-grade lumber in Pack1 

was replaced by 99% on-grade lumber, the average lumber pack value increased from 2.67 to 

3.31, an increase of 0.64. Although the increase is statistically significant (p = 0.00), the 

magnitude of mean total lumber value increase was far less than the increase observed when 

the quality level of wane was changed. This supports the proposition that wane has greater 

positive influence on lumber value than accuracy of grading. 

Table 4.11 illustrates the simulation results of lumber packs when the lowest preferred 

level of an attribute was changed to its highest preferred level, one attribute at a time. These 

results show that the difference between the share estimate for higher quality level and the 

share estimate for lower quality level was the highest for wane (89.3 percent) and the lowest for 

moisture contert (24.3 percent). Hence, the proposition that certain attributes have greater 

positive influence on perceived lumber value is supported. 

P5. Buyers pay more to obtain lumber attributes which have high relative importance. 

It is assumed that if respondents’ consider an attribute as important in the formulation of 

value, they are willing to pay more for lumber with that attribute. This proposition can be tested 

by manipulating the quality level of one attribute at a time while simultaneously changing the 

price. If the percentage of respondents preferring the high priced lumber pack is higher than 

the percentage preferring the lower priced lumber, it can assumed that they are willing to pay 

more to obtain the higher quality lumber. 

To test this proposition, three hypothetical lumber packs—Mwane, Pwane, and 

Nwane—each with identical attribute levels except the level of wane were created. The Mwane 
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lumber pack had maximum wane, the Pwane lumber pack had pencil wane, and the Nwane 

lumber pack had no wane. When all three packs were priced at the market price, the share 

estimates were 1.3 percent for Mwane lumber pack, 15.7 percent for Pwane lumber pack, and 

83.0 percent for Nwane lumber pack. The share estimate for these three packs are statistically 

different from the expected share estimate (p = 0.00) 

To test the impact of price on preferences for the lumber packs, the lumber packs 

Mwane, Pwane, and Nwane were priced at the current market price, $5 above the current 

market price, and $10 above the current market price, respectively. The preference for each 

pack after the price change was 24.4 percent, 22.2 percent, and 53.5 percent, respectively. 

These share estimates are significantly different from the expected share estimate (p = 0.00). 

Although some buyers preferred lower priced packs by foregoing a quality level of wane (e.g., 

from no wane to pencil wane), the percentage of buyers preferring the high priced pack 

(Nwane) was still significantly higher than expected 33 (p = 0.00). The proportion of buyers 

preferring other two lumber pack was also significantly different from the expected proportion of 

0.33 (p < 0.05). As expected, the share estimate is higher than 33% for a no wane lumber 

pack even the price was $10 more than the price of the maximum wane lumber pack. The 

share estimate for Pwane and Mwane lumber pack was less than 33% even when priced lower 

than the Nwane pack. 

Additionally, the price of Mwane and Pwane lumber packs were reduced by $1 to 

observe the effect of this change on buyers’ preferences. Following this change, the 

percentage of respondents preferring these three packs changed to 26.1 for Mwane, 22.6 for 

Pwane, and 51.3 for Nwane. The chi-square goodness-of-fit test showed that these three 

proportions are significantly different from the expected share estimate (p = 0.00). The 

proportion of the buyers preferring Pwane and Nwane packs was significantly different from the 
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expected proportion of 0.33 (p < 0.025). The proportion of buyers preferring Pwane pack was 

significantly less than expected 0.33 proportion, and the reverse was true for the Nwane lumber 

pack. However, the proportion of preference for Mwane lumber pack was statistically 

insignificant and so we fail to reject the null hypothesis that the share estimate for Mwane 

lumber pack is not different from 0.33, when the price difference between this pack and Nwane 

pack was $11. 

In the next step, the price for Mwane was changed to $4.00 below the market price, the 

Pwane pack was changed to the market price, and the price for Nwane pack was changed to 

$11 above the market price. At this price, the preference share for the Mwane pack, Pwane 

pack, and Nwane pack was 27.8 percent, 34.8 percent, and 37.4 percent. It can be concluded 

from the chi-square test that share estimate for each pack followed the expected pattern. In 

other words, the share estimates are not statistically different from the expected 33 percent. 

This finding indicates that buyers are indifferent to the quality of wane when the price difference 

between the highest quality level of wane (no wane) lumber pack and the lowest quality level of 

wane (maximum allowable wane) lumber pack was $15.00 per thousand board feet. This 

information can be used by the suppliers of the softwood lumber to price their product correctly 

while providing value to the lumber buyer. 

Similar analyses were performed by varying the quality levels of other attributes and 

price while keeping the remaining attributes' levels constant. When the accuracy of grading 

levels were varied from 95 percent on-grade to 99 percent on-grade with market price for the 

former and $6 above the market price for the latter, the proportion of buyers preferring these 

two packs became insignificant. Buyers were willing to pay up to $15 more to obtain wane free 

lumber but they are willing to pay only up to $6 more to obtain a lumber pack with 99% on- 

grade lumber. These results support the proposition that buyers pay more to obtain lumber 
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attributes which have high relative importance such as wane. Table 4.12 provides the amount 

respondents are willing to pay for higher quality levels of each attribute before becoming 

indifferent in their preference for any lumber pack. 

4.5.7 Market Segmentation 

Identification of buyer segments help managers to channel a company's marketing 

efforts more efficiently. The existence of segments in this study was explored using the 

estimated utilities. Although earlier results showed that individual utility scores were fairly 

uniform from individual to individual, a cluster analysis was performed on the estimated utility 

scores for each individual using Ward's method. Based on the analysis, a two group cluster 

solution was adopted. The number of respondents grouped in cluster 1 was 50 and in cluster 2 

was 65. The intercluster variability of these two clusters of buyers were analyZed in terms of 

price mindedness and quality mindedness dimensions, treated volume by grade and species, 

and volume sold to different channels. The difference between the mean scores on the these 

variables was not statistical significant. As there were no significant differences between two 

clusters on any of the demographic variables, the cluster solution results were not further 

analyzed. 

The failure to find significant differences between two clusters on these variables further 

support the earlier results that respondents are homogeneous and the pooled utility values for 

each attribute level serve well to estimate the value of any lumber pack. 

4.5.8 Implications of Lumber Value Results 

It was professed earlier that buyers weight each attribute differently while valuing 

softwood lumber. The trade-off analysis showed that wane is the most important attribute in 
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formulating buyers' value perceptions. Buyers are willing to undergo monetary sacrifice to 

obtain wane free lumber. Given the assumptions of simulation analysis, buyers are willing to 

pay as much as $15 per mbf more for the wane free lumber because the perceived value of 

wane free lumber is higher than either pencil wane lumber or maximum allowable wane lumber. 

The standard lumber grades which are based on the structural properties of the product 

have served as the objective measure of lumber quality for some time. Since these grades are 

based on structural properties, there is no necessity for suppliers to provide a better looking 

lumber to meet the standard grading rules. On the other hand, treaters prefer to purchase 

lumber based on appearance as weil as structural properties since the majority of the treated 

lumber is used in outdoors where structural properties of the lumber is not a real concern. This 

creates a gap between the type of lumber treaters want to obtain from the suppliers and the 

type of lumber available in the market place. When requested to provide written comments 

about quality, several respondents raised this point and voiced an opinion that they would like to 

have separate grading rules for the lumber specifically marketed to the treating industry. 

Since appearance is one of the major concems for treaters, they have given the highest 

importance to wane in this study. There is a real opportunity for managers to create better 

value by providing lumber that satisfies the "appearance" requirement of treaters. Obviously, 

lumber without wane enhances the aesthetics of lumber. The results obtained in this study 

provide an opportunity for suppliers to maximize customer value. Managers need to select the 

most positive significant level for each of the lumber features. That is, a firm can maximize the 

value of their lumber by providing lumber with those levels of features that have the highest 

utility scores while ensuring that the minimum required level is maintained for each of the other 

features. Lumber suppliers can increase buyers’ perceived lumber value by providing wane free 

lumber whenever possible. The utility score of no wane level has the highest utility score and 
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the range between the levels of the wane is also the highest, thus increasing the relative 

importance of wane in influencing the perceived lumber value. Obviously, the value of lumber is 

enhanced by pricing lumber either at or below the current market price. However, value is also 

enhanced by providing a lumber pack that has a high percentage of on-grade lumber pieces. 

Operationally, these recommendations need to be conditioned with specific cost estimates for 

achieving the desired results and a manager should map the necessary strategies with changes 

in levels of each lumber feature. 

The results of this study also showed the price buyers are willing to sacrifice to obtain 

better quality level in each attribute. Since price is second to wane in importance, buyers will 

pay more to obtain wane free lumber. Firms can charge a price premium for the wane free 

lumber while still creating a better customer value. Managers should compare the cost of 

providing the higher quality level with the expected price premium and formulate strategies so 

that they can provide better customer value without incurring any major costs. 

4.6 SERVICE VALUE DETERMINATION 

The responses received from the first mail survey were used to determine the role price 

and service attributes play in the formation of service value. In the survey, value ratings of 

several hypothetical service packages were obtained along with ratings of lumber value. A total 

of 151 questionnaires were received, of which 143 were usable for the conjoint analysis. The 

number of usable responses was considered adequate, as the sample was relatively 

homogeneous. 

128



Vijay S. Reddy Chapter 4 

4.6.1 Analysis of Data Conceming Service Value 

The conjoint measurement technique was used to analyze treaters' perceptions of 

service value and the importance of each attribute in the determination of value. The part-worth 

model was specified for service features and the vector model was specified for price. As 

mentioned in Chapter 2, the part-worth model is appropriate for categorical (qualitative) 

variables and the vector model is appropriate for quantitative variables. The ideal-point model 

is also appropriate for a quantitative feature when a customer's preference for the product 

diminishes as the attribute level values reach extreme. At first, the vector model was used for 

price while analyzing the data. Later, the ideal-point model was specified and the data were 

reanalyzed. However, the comparison of results indicated that the vector model had a higher 

predictive accuracy than the ideal-point model. Consequently, the vector model was specified 

for price in the remainder of the analysis. 

Sixteen service conjoint profiles were used to quantify the importance of each feature 

(attribute) in determining service value. Data were submitted to the ordinary least square (OLS) 

regression procedure after coding the categorical variables using an effects coding scheme. 

Table 4.13 represents the effects coding scheme used to represent the service features in the 

OLS regression analysis. These service features and price served as independent variables and 

each of the sixteen value ratings served as the dependent variable in the regression analysis. 

Based on this coding of the data, the value function for this respondent was modeled. The 

response of a given respondent to the j" profile (stimulus) is given by the standard main-effects 

mixed model as specified in equation (4.3) (please refer to section 4.4.1 for details). 
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4.6.2 Individual-Level Model 

Research indicates that individual analysis (disaggregation) is the preferred method 

unless the population in the experiment is very homogenous in behavior with respect to the 

experimental variables (Green and Helsen 1989). Therefore, the data were first analyzed at the 

individual-level with an assumption that the form of the preference model is the same for all 

individuals but the estimated parameters vary across the sample. The individual-level measures 

(part-worth scores) were pooled to obtain a composite value function model when the tests 

revealed that the respondents were homogeneous. However, an aggregate-level model was 

developed later by regressing all the respondents data collectively, and compared with the 

individual-level pooled model. 

After individually analyzing the 143 usable responses, the rating data of 31 respondents 

were considered unreliable and discarded from the reported results. Data were considered 

unreliable if the same value rating to each service stimulus was given by the respondent, based 

on the number of reversals (in terms of preferences for specified levels of each attribute), and 

based on each respondent's adjusted R? value. After eliminating these respondents, a total of 

112 respondents, each providing sixteen value ratings, were utilized for the estimation of a 

service value function model for each respondent. 

The service value utility function was measured in abstract units of utilities (part-worths). 

These utility scores of the value function model were calculated based on the coefficient values 

(b) obtained in the OLS regression analysis. Utility score of an attribute level determines the 

effect of a level in the formation of service value perceptions, hence the term utility or part- 

worth. These utility scores are directly related to the rating scale used in the study on a one to 

one basis. Thus, in the main-effect model, these part-worths can simply be summed to 
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determine the overall value of a service pack that has any combination of service attribute and 

price levels used in the study. 

The utility scores of each level of the attributes used in the study for all 112 

respondents were pooled to obtain the group (average) utility (value) function. The pooled 

value function results are shown in Table 4.14. The mean adjusted R* of the pooled model was 

0.70. The similar procedure as outline in section 4.4.3 was used to obtain the mean adjusted 

R?. This value compares well with the results obtained in the previous conjoint studies 

(DeSarbo et al. 1994, Riquelme and Rickards 1992). The standard error for the mean adjusted 

R? was 0.026 which can be considered as good due to its small magnitude. 

4.6.2.1 Effects of attribute levels on service value 

Table 4.14 contains the mean (pooled) part-worth parameters, standard errors, and t- 

values associated with each attribute level. Results reveal that on average, respondents’ 

service value ratings (1) increased as the reputation of the supplier increased from below 

average to above average; (2) increased with the supplier's ability to deliver lumber when 

promised improved from below average to either average or above average; (3) increased when 

lumber is available from the supplier within two weeks or one week instead of within four weeks; 

(4) increased when the supplier's willingness to handle problems professionally increased from 

average to above average; (5) Remained approximately the same when the ease with which the 

supplier can be contacted by phone increased from average to above average (because the 

utility scores of this attribute's levels were insignificant); and (6) increased linearly as the price 

of lumber decreased. 

The t-values associated with each attribute level, except average reputation of the 

supplier and both levels of the ease with which the supplier can be contacted by phone, were 
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Statistically significant beyond the conventional a level of 0.05. It suggests that these estimated 

utility scores, contributed significantly toward explaining the variance of perceived service value. 

The standard error of each part-worth indicates that respondent heterogeneity was low. Thus, 

suggesting that the individual utility (part-worth) parameters can be grouped to obtain the pooled 

service value utility function and that they are representative of how respondents trade-off 

service attributes when evaluating service value. 

As explained in section 4.4.3.1, each utility score indicates the effect of an attribute 

level on the perceived service value when all other service attribute levels remain constant. 

Among all service attributes, the part-worths shown in Table 4.14 indicate that above average 

reputation of the supplier (0.57) is by far the most preferred level, in terms of value, and 

availability of lumber within four weeks (-0.74) is the least preferred level with a very low part- 

worth score. Thus, if reputation of the supplier is above average, respondents’ average rating 

(i.e., intercept which is equal to 3.83) of perceived service value increased by 0.57, and when 

suppliers are able to make lumber available no sooner than four weeks from the receipt of 

order, the average perceived service value rating decreases by 0.74. This is true only when all 

other service characteristics remain the same from one suppler to another. 

Based on the utility scores provided in Table 4.14, the mean service value function 

model can be specified with the following equation: 

PSV, = 3.83+ O,yy+ Uggyt Uggy+ Ungy+ Ugyy+ (-0.09) * RP, (4.9) 

Where 

PSV, = mean perceived service value of f” service profile 

U = mean utility score of a particular service characteristic (r,d, . . ., c) level / for /” 

profile 
nj = /* level of reputation of the supplier for /” service profile
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dij = /” level of ability to deliver lumber when promised for /” service profile 
aii = /* level of lumber availability for /” service profile 
hij = /* level of supplier's willingness to handle problems professionally for /” service 

profile 

Cij = /" level of the ease with which the supplier can be contacted by phone for /” 

service profile 

RP. = relative price of lumber for /” service profile 
/ 

One can obtain the perceived service value of a supplier by substituting one of the 

utility scores for each service attribute presented in Table 4.14 into equation 4.9. For example, 

when the reputation of the supplier is average, ability of the supplier to deliver lumber when 

promised is average, lumber is available within two weeks, the supplier's willingness to handle 

problem is average, the ease with which the supplier can be contacted by phone is average, 

and the supplier charges the current market price for his lumber, the estimated perceived 

service value is 4.38, when the perceived value is calculated on a seven point scale (1 to 7). 

This score was determined by adding the intercept value and the utility scores of price and the 

service attribute levels (3.83 + 0.00 + 0.34 + 0.43 - 0.19 - 0.02 + (0.09 * 0)). 

The value of any service that is not included in the orthogonal design can be estimated 

by using the utility scores represented in Table 4.14. Based on the estimated utility scores, the 

most preferred combination of service characteristics is represented by a service package 

where the reputation of the supplier is above average, the ability of the supplier to deliver 

lumber when promised is average, lumber is available from the supplier within two weeks of 

placing an order, the willingness of the supplier to handle problems professionally is above 

average, the ease of contacting the supplier by phone is above average, and the price of 

lumber provided by the supplier is $5 less than the current market price. The value of this 

service package will be 5.81. 

The utility scores in Table 4.14 indicate that, when there are three levels in a service 

attribute, respondents appear to have a more adverse reaction to the lowest quality level (i.e., 
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below average or within four weeks) than a positive reaction to the highest quality level (above 

average or within one week) of the service attribute. In fact, buyers preferred the intermediate 

levels to the highest quality levels with respect to service attributes ability to deliver lumber 

when promised and lumber availability. This indicates an interesting asymmetry in the value 

ratings. It implies that the costs induced by not meeting the average quality service (i.e., 

providing lower quality service levels) may far exceed the benefits of exceeding the average 

service (i.e., providing higher quality service values). The same type of results, i.e., gains from 

the current level of quality are valued less than losses from the current quality level, were found 

by Narasimhan and Sen (1992), Oliver and DeSarbo (1988), and Anderson and Sullivan (1993). 

This type of results can be explained through prospect theory (Kahneman & Tversky 1979, 

Thaler 1985) where gains and losses have different effects. According to this theory, the value 

function is assumed to be concave for gain and convex for losses. In addition, the loss function 

is steeper than the gain function with the notion that losses appear larger than gains because 

people generally demand more to sell an item they own than they would be willing to pay to 

acquire the same item (Thaler 1985). 

Thus, results in general indicate that it is not worth the effort of providing above average 

service but it is worth avoiding being below average service provider. Overall, it can be said 

that there is a clear relationship between buyers’ perceived value and the underlying service 

attributes that can be manipulated by softwood lumber suppliers. Softwood suppliers could use 

this information in designing their services and pricing the product. 

4.6.2.2 Differences between utility scores 

In the next stage of the analysis, tests were performed to determine whether, for each 

service attribute, the estimated utility scores of attribute levels are significantly different from 
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each other. The resulting t-statistic for each null hypothesis and the conclusion for each test 

are shown in Table 4.15. The tests reveal that for all service attributes, except ability to deliver 

lumber when promised, lumber availability, and the ease with which the supplier can be 

contacted by phone, the estimated utility scores of levels in an attribute are significantly different 

from one another. Thus, indicating that respondents’ perceived service value was significantly 

different as the quality level of an attribute was changed from one level to another. In other 

words, they perceived the utility of each level of an attribute to be different from another, and 

their evaluation of a service value varied based on the quality levels of each attribute. 

For the attribute ability to deliver lumber when promised, the null hypothesis that the 

estimated utility score of above average is equal to the estimated utility score of average was 

not rejected at the 0.05 level. Nevertheless, the utility scores of above average and average 

differs significantly from the utility scores of below average. The null hypothesis that the 

estimated utility score of within one week is equal to the utility score of within two weeks was 

not rejected for the attribute /umber availability. However, the utility scores of within one week 

and within two weeks differed significantly from the utility score of within four weeks. In 

addition, the utility scores of above average and average were not significantly different from 

each other for the attribute the ease with which the supplier can be contacted by phone. 

4.6.2.3 Importance of attributes in the determination of service value 

Table 4.16 shows the importance score (A) for each service attribute. As the utility 

scores were Calculated on a common scale, the importance score for an attribute can be 

compared directly to the importance scores of other service attributes. The third column in 

Table 4.16 provides the relative importance of each attribute as a percentage. As explained in 

section 4.4.3.4, relative importance indicates how much each attribute contributed to the 
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respondent's overall evaluation of service value. The relative importance scores for the service 

attributes are provided in Figure 4.8. 

Respondents considered the attribute price as the most important of the six attributes 

in forming perceptions of service value. The relative importance of price was 26.2%. In other 

words, buyers showed asymmetry in the price and service quality trade-off by indicating that 

service characteristics of a supplier are relatively less important than the amount a supplier 

charges for the lumber. Stated differently, for an increase of 10% in price from the current 

market price, respondents demand a greater increase in the service quality. Among the service 

attributes, /umber availability was considered to be the most important attribute. The relative 

importance of this attribute was 23.4%. Buyers preferred to buy lumber from a supplier who is 

in a position to make lumber available within two weeks of receiving an order. Next, buyers 

look for a softwood lumber provider who has established an above average reputation. The 

relative importance of the attribute reputation of the supplier was 22.9%. Buyers were also 

sensitive to the ability of the supplier to deliver lumber when promised. The relative importance 

of this attribute was 19.1%. The attributes supplier's willingness to handle problems 

professionally and the ease with which the supplier can be contacted by phone did not play a 

major role in influencing the buyer's perceived service value. The relative importance of these 

two attributes was 7.5% and 0.9%, respectively. 

In the previous study (Hansen 1994), respondents were asked to rate the importance of 

several service characteristics to overall quality. Based on importance score of each attribute 

for overall quality, attributes can be placed in the following order: supplier's willingness to 

handle problems professionally, reputation of the supplier, ability to deliver lumber when 

promised, the ease with which the supplier can be contacted by phone, and lumber availability. 

The mean importance ratings of these attributes, when measured on a 1 to 7 scale, was 6.13, 
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5.97, 5.96, 5.94, and 5.93, respectively. These results are different from the relative importance 

results obtained in the current study, in terms of importance score and the difference between 

each ratings. When asked directly, each service attribute was considered to be equally 

important by treaters to the overall quality (Hansen 1994). However, in this study, when buyers 

are forced to trade-off one attribute against another, attributes’ importance order and the 

magnitude of importance changed. 

When respondents were asked to allocate 100 points among the five service attributes 

(without the price attribute) according to the importance of each attnbute to overall service 

quality, they indicated that the supplier's ability to deliver lumber when promised was the most 

important attribute. Table 4.17 shows the average number of points respondents allocated to 

each service attribute. Respondents allocated an average of 28.7 out of 100 points to the 

attribute supplier's ability to deliver lumber when promised. The average number of points 

allocated out of possible 100 points was 28.7. The next most important attribute to the 

respondents was availability of lumber, with an average of 22.69 points. Buyers reported that 

the reputation of the supplier was the third most important to the overall service quality. The 

average score of this attribute was 19.8. Respondents considered the supplier's willingness to 

handle problems professionally and the ease with which the supplier can be contacted by phone 

as the less important (14.8 and 14.1 points, respectively) to the overall quality of service. 

The ratings from the direct measure can be considered to be relative lumber quality 

scores. Differences between the results in Table 4.16 and 4.17 may be attributable to price. 

When price was not included in the model (Table 4.17), respondents were not forced to trade- 

off one attribute against another. However, when price was introduced into the decision frame- 

work and trade-off procedures were adopted (Table 4.16), /umber availability emerged as the 

most important service attribute, with the relative importance score of 23.4%. Ability to deliver 
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lumber when promised, which was the most important attribute when respondents stated the 

importance directly, slipped to the third place after umber availability and reputation of the 

supplier attributes in the trade-off analysis. This indicates that when price was introduced into 

the model, respondents’ importance shifted from one attribute to another. These results 

demonstrate the usefulness of trade-off analysis to better understand the true perceptions of 

buyers. It showed that conjoint analysis provides information that may not be readily elicited 

from respondents when they are asked to state their preferences directly. 

4.6.3 Aggregate—Level Model 

In addition to the pooled value function, an aggregate value function model was 

developed using the aggregate data (112 respondents X 16 responses from each respondent) 

of 1792 value rating observations through OLS procedure. The obtained aggregated model 

utility scores were the same as the pooled model utilities. Table 4.18 provides the statistics 

obtained for this model. The calculated F statistic of 129.25 (with p-value = 0.00) verified the 

significance of the effect of the attributes on the service value for respondents. The null 

hypothesis that service attributes and price account for no variance in service value perceptions 

in the population of buyers of treating plants can be rejected. The obtained R* and adjusted R? 

values were 0.40 and 0.39, respectively for this model. So the best estimate of the proportion 

of service value variance accounted for by attributes used in the study is 39%. The R? and 

adjusted R* values compares well with the results obtained previously (DeSarbo et al. 1994, 

Manlo 1990). The part-worths obtained were the same for both pooled and aggregate model, 

the relative importance of attributes for the aggregate model are the same as reported in Table 

4.15. 
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4.6.4 Assessment of Cross—Validity 

To cross-validate the service value model, estimated individual part-worths (resulting 

from the individual utility function model) were used to predict each respondents’ value ratings 

on four holdout cards which were not utilized to estimate the respondent's utility function. 

These predicted value ratings were correlated with the observed value ratings for these four 

cards, where a correlation of 1 indicates a perfect fit and 0 indicates a total lack of fit. Using 

Bretton-Clark's (1992) conjoint analyzer software, the product-moment correlation coefficient for 

each respondent was calculated and individual correlations were transformed using the Fisher Z 

transform before averaging. After averaging, the coefficient values were re-converted. This 

transformation accounted for extreme nonlinear nature of these coefficients. 

The average correlation for all respondents was 0.77. This compares well with the 

previous conjoint study cross-validation results reported in Bateson, Reibstein, and Boulding 

(1987), and DeSarbo (1994). In addition, the average absolute difference between the 

predicted and observed holdout value ratings was 0.89. Based on these two results, it can be 

concluded that the estimated utility scores for each attribute level are reliable in predicting 

service value. 

4.6.5 Evaluation of a Priori Propositions 

In a manner similar to the evaluation of a priori lumber value propositions, the following 

service value propositions were evaluated. Both t-tests (based on derived average value for 

each service) and simulation results were used to test each proposition, where possible. The 

results of the simulation were tested using a chi-square goodness-of-fit and test of proportion, 

where necessary. 

139



Vijay S. Reddy Chapter 4 

$1. As the quality of selected attributes of the softwood lumber service delivery process 
increases, a buyer's perceived service quality will increase, all else being equal. 

Service value is influenced by both price and the quality of service attributes. An 

increase in service value when the price remains constant can be attributable to the service 

quality increase. However, the quality of a service delivery process is dependent on the quality 

levels of service attributes. This proposition was tested by manipulating the quality of service 

packages (delivery processes) while keeping the price constant from one service package to 

another. When testing using the t-test, if the mean value of the highest service quality package 

is higher than the value of the other service packages, and if these mean service values are 

significantly different from each other, then this proposition can be supported. In the simulation, 

if the share estimate for the highest quality service package is higher than the remaining service 

packages, and this share estimate is greater than the expected share, this proposition is 

supported. The expected share depends on how many service packages are in the artificial 

market place; i.e, the number of products (services) specified in the simulation. If there are two 

products, the expected share estimate for each product is 50%. The share estimate will be 

33.3% when there are three products specified in the simulation analysis. This expected share 

estimate for each product will decrease as the number of products specified in the simulation 

increases. 

Proposition S1 was tested by manipulating the service attribute quality levels while 

holding the price constant. Three hypothetical service packages (s1_1, s2_2, s3_3) were 

formulated, and the average service value for each package was derived by substituting 

individual-level utility scores into equation 4.8. Table 4.19 illustrates the specific quality level 

used for each attribute in each service delivery process. Although the service attribute levels of 
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these three service packages differed, price’ remained the same for each service. The quality 

level of each attribute in si_1, s1_2, and s1_3 was the lowest, intermediate, and highest, 

respectively (Table 4.19). The derived average service value for these three services was 1.69, 

4.80, and 5.20, respectively. These average value ratings are significantly different from each 

other (p = 0.00). The increase of service value from s1_1 to s1_3 can be considered to result 

from service quality increase, since price was held constant. Therefore, proposition $1 is 

supported. 

Proposition S1 was also tested using simulation. The results showed that the 

percentage of buyers preferring (in terms of value) s1_1, s1_2, and s1_3 was 0.9, 39.3, and 

59.8, respectively. This indicates that when the price remained the same, buyers prefer the 

service which has the highest quality level for each attribute. It can be assumed that the 

increase in the share estimate for these services is due to the increase in service quality. As 

there is no significant difference between the estimated utility score for average and above 

average levels for the attribute ability to delivery when promised, and between within four weeks 

and within two weeks levels for attribute /umber availability, a sizable proportion of respondents 

preferred the service that has the intermediate service quality level. 

Since, there are three service combinations available in the hypothetical market place, 

the proportion of respondents preferring each service should be 0.33 if the quality of each 

service is equal. Chi-square test indicated that the proportion of the respondents preferring 

each service was significantly different from the expected proportion of 0.33 (p = 0.00). This 

finding leads to the conclusion that the share estimate for s1_1, $1_2, and s1_3 is not equal to 

each other. Thus the null hypothesis that preference for each service is the same when the 

  

. Here and in other service value evaluation or estimation, price means the amount a buyer expected to pay 
for one thousand board feet of lumber (oan e to the current market price) to the supp ler who provides the 
service (such as $1_1, s1_2, s1_3, etc.) with the specific combination of service quality levels. 
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quality of service is different can be rejected. It was assumed earlier that when price remains 

the same from one service delivery process to another, any increase in the preference (value) is 

due to the increase in quality of the service. Hence the proposition that as the quality of 

selected attributes of the softwood lumber service delivery process increases, a buyer's 

perceived service quality will increase is supported. 

S2. As a buyer's assessment of monetary sacrifice increases, his/her perceived service 

value of softwood lumber delivery process will decrease, provided the service quality 

remains the same. 

This proposition was also tested using t-tests on mean average service values and chi- 

square goodness-of-fit test using the share estimates obtained in the simulation analysis. This 

proposition can be tested by pricing different service packages unequally while keeping the 

same service quality level among all service delivery processes. If the average value or share 

estimate for a higher priced service package is higher and significantly different than the rest of 

service packages, this proposition can be supported. 

Four hypothetical service delivery packages (s2_1, s2_2, s2_3, and s2_4) were created 

to test this proposition (see Table 4.20 for the combination of attribute levels used in each 

service package). For these four service packages, price was varied and the quality of service 

attributes was held the same. The price of s2_1, s2_2, s2_3, and s2_4 was $5 below the 

current market price, same as the current market price, $5 above the current market price, and 

$10 above the current market price, respectively. The estimated average service value for 

these four services was 5.81, 5.37, 4.94, and 4.50. The service value decreased significantly (p 

= 0.00) as the price of lumber increased from 521 to s2_4. 

The proposition was further tested with simulation analysis. The same four hypothetical 

service packages (S2_1 to s2_4) were used in this analysis. If buyers value each service 

package identically, then the proportion of respondents preferring each service should be equal 
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to 0.25. Therefore, if the share estimate for each service is significantly different from 25%, this 

proposition is supported. 

Simulation results of these four services showed that the proportion of buyers preferring 

$2_1 was the highest, and buyers’ preference for a service decreased as the price increased, 

except for s2_4. While rating the sixteen service profile cards, a limited number of buyers 

considered the value of a service high, when the price for the conjoint service package profile 

was high. Therefore, the simulation results showed that a limited proportion of buyers preferred 

a service with $10 above the current market price over $5 above the current market price. 

However, overall, the proportion of buyers preferring the service of a supplier who charged more 

for the lumber declined. The percentage of buyers preferring s2_1, s2_2, and s2_3, and s2_4 

was 66.1, 26.8, and 0.00, and 7.1, respectively (Table 4.20). The non-parametric goodness-of- 

fit test indicated that the proportion of buyers preferring each of these four services was not 

equal to each other (i.e., 0.25). It is expected that if the preference for these four services were 

the same, an equal proportion of the buyers could have preferred each service. However, the 

results showed that the preference for each service is not equal. The decrease in preference, 

when the monetary sacrifice increased from one service to another, is due to decrease in 

service value. Therefore, the results support proposition S2. 

S3. Each service attribute contributes differently to overall perceived service value 

This proposition was first tested using a t-test. Later, simulation analysis was used to 

further test the proposition. According to this proposition, if all attributes contribute equally to 

the service value perceptions, the change in service value when the quality level of one service 

attribute was altered should equal to the change in service value when the quality level of 

another service quality was altered. 
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The relative importance of each service attribute discussed earlier shows that each 

service attribute has a different effect on the service value. In the determination of service 

value, the attribute /umber availability is the second most important after price. In general, the 

importance score results reported in Table 4.16 support the proportion that each service 

attribute contributes differently to the overall perceived service value. 

To formally test this proposition, the estimated value of a service with above average 

supplier's reputation (s3_1) was compared with the estimated value of a service with below 

average supplier's reputation (S3_2). The remaining attribute levels were kept the same for 

these two services®. The difference in average service value between these two services was 

1.14 (4.95 — 3.81), and the two service values is significantly different (p = 0.00). In addition, 

the average value of a service with the availability of lumber within two weeks (s3_3) was 

compared with the average value of a service with the availability of lumber within four weeks 

(s3_4). Again, the remainder of service attribute levels and price were held constant for these 

two services’. The difference in service value between these two services was 1.17 (4.96 — 

3.78), and it is statistically significant (p = 0.00). However, the magnitude of difference in 

service value between s3_3 and s3_4 was higher than the magnitude of difference in service 

value between s3_1 and s3_2. This supports the proportion S3. 

Simulation results were also used to further test this proposition. In this approach, the 

quality level of a service attribute was changed from the lowest to highest, while holding price 

and the quality levels of remaining service attributes constant. The share estimate for each 

service was observed after this change. If all attributes contribute in the same proportion to the 

  

. The attribute levels that remained the same for these two services (s3_1 and s#-2) were: Ability to deliver 
when promised is average, lumber is available within two weeks, willing to handle problems professionally is 
average, ease of contact by phone is average ,and the price is same as the current market price. 

’ The common attribute levels for these two services (s3_3 and s3_4) were: Reputation of the supplier is 
above average, ability to deliver lumber when promised is average, willingness to handle problems 
professionally is average, the ease with which the supplier can be contacted by phone is average, and price 
Is same as the current market price per mbf. 
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perceived service value, the change in the share estimate for each service attribute when the 

quality level changed from the lowest to highest, should be the same. If they are different, then 

the proposition S3 is supported. 

Table 4.21 illustrates the simulation results of service packs when the lowest preferred 

level of an attribute was changed to its highest preferred level, one attribute at a time. These 

results show that the difference (column four of Table 4.21) in percentage of respondents 

preferring two services, where one has highest quality level of an attribute and other one has 

the lowest quality level of the same attribute, was the highest for /umber availability attribute (84 

percent) and lowest for the ease with which supplier can be contacted by phone (2.8 percent). 

Thus these results support the proposition that each attribute contributes differently to perceived 

service value. 

S4. Buyers are willing to pay more to obtain service attributes that are important to the 

perceived value of a service. 

If respondents consider the value of a service to be high even when the price and 

quality of the service package were changed simultaneously, this proposition can be supported. 

Several hypothetical lumber packs with various combinations of price and service attribute 

levels were created to test this proposition. First, two hypothetical services-s4_1 and s4_2-were 

created. In s4_1, the quality level of reputation of the supplier is above average and in s4_2 

the reputation of the supplier is below average. When the price of these two services was the 

current market price, the percentage of respondents preferring s4_1 and s4_2 was 86.6 and 

13.4, respectively (Table 4.22). Buyers preferred the former service as the reputation of the 

supplier was above average. The change in percentage of respondents preferring these two 

services was monitored while increasing the price of lumber provided by the supplier of s4_1 

service. Respondents were indifferent to these two services when the price difference was 
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$11.50 per thousand board feet. The percentage of respondents preferring s4_1 and s4_2 at 

this price difference was 50.0 and 50.0, respectively (Table 4.22). These results show that if a 

supplier enhances his or her reputation from below average to above average, a price premium 

for the lumber can be obtained. However, when the price difference is greater than $11.50 per 

mbf, softwood buyers prefer to buy lumber from the supplier with the below average reputation 

than from the supplier with the above average reputation. 

When the reputation of one supplier is above average (s4_1) and another one's is 

average (Ss4_3), the percentage of buyers preferring the s4_1 and s4_3 was 82.1 and 17.9, 

respectively (Table 4.22). This is true when the quality of remaining service attribute levels is 

the same and price of the lumber was also the same for both services. However, buyers 

became indifferent to these two services when the price difference was $5.50 per mbf. 

Respondents became indifferent to the service of the supplier with below average reputation 

(s4_2) and service of the supplier with average reputation (s4_3) when the price difference 

between these two suppliers’ services was $5.00 per mbf. Nonetheless, 76.8% of the 

respondents preferred s4_3 when there was no price difference between these two suppliers’ 

lumber (Table 4.22). These results reveal that buyers are willing to pay more for the service of 

a supplier who has above average reputation than the supplier who has average or below 

average reputation. Therefore, the proposition that buyers are willing to pay more for the 

services that are important for the service value is supported. 

In the similar fashion, buyers’ price sensitivity to each attribute was investigated using 

simulation analysis. Table 4.22 provides the price difference at which buyers are indifferent 

between two types of services when the quality level of attributes changes one at a time. 

These results show that respondents are willing to pay the highest ($14 per mbf more) to the 

supplier who makes lumber available within two weeks of obtaining an order. Softwood buyers 
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do not consider the value of service any different if the lumber is available within a week instead 

of within two weeks of placing an order. 

Buyers of softwood also showed that they are risk averse by reacting more negatively 

to the lower quality attribute levels (e.g., within four weeks) than reacting positively to the higher 

quality levels (e.g. within one week). Due to this steeper reaction to lower quality attribute 

levels, buyers are willing to pay $14 per mbf more if the quality is improved from the lowest 

quality level (i.e., within four weeks) to intermediate quality level (within two weeks) and $0 

more if the quality is improved from the intermediate quality level to highest quality level (i.e., 

within one week). 

It will be a futile exercise if a supplier spends resources to make lumber available to 

buyers within one week of receiving the order, instead of within two weeks. Rather, these 

efforts can be channelled into improving the quality level of other service attributes. 

Respondents are unwilling to sacrifice money to obtain an above average service in terms of 

the attribute the ease with which a supplier can be contancted by phone. 

4.6.6 Market Segmentation 

Using the estimated utility scores at the individual-level, the existence of identifiable 

market segments was explored. Identification of segments enables a marketer to channel 

marketing activities more efficiently. Even though the earlier results (section 4.6.2.1) indicated 

that the estimated utility scores were fairly uniform from one individual to another, a cluster 

analysis was performed on the estimated utility scores for each individual using Ward's method. 

The resulting clusters were relatively similar to each other in terms of the relative importance 

score of each attribute. The obtained clusters were compared on key demographic variables, 

type of product, and quality and price sensitive dimension variables. However, no significant 
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differences were found between the clusters on these key variables. As the usefulness of these 

clusters in terms of market implications is minimal, the results of the cluster analysis are not 

reported here. However, these results further support the contention that softwood lumber 

treaters are homogeneous in terms of their perceived service value. 

4.6.7 Implications of the Results 

Table 4.14 provides the basis for maximizing the service value. Suppliers need to 

select the level that has the highest estimated score for each of the service features when 

providing service. If operationally providing the highest quality level of service for each attribute 

is possible, firms should strive to provide that level of service to their customers. In other 

words, suppliers should seek to attain an above average reputation, have an above average or 

average ability to deliver lumber when promised, ensure that lumber is available within one or 

two weeks of receiving an order from a buyer, have an above average willingness to handle 

problems professionally, and price the lumber at or below the current market price. 

If cost and other constraints limit the ability of suppliers to provide all these service 

characteristics, they should at least strive to build an above average reputation and have the 

lumber available within two weeks of receiving an order because these two attributes were 

considered to be the most important in perceived service value. If possible, suppliers should 

also strive to have an average ability to deliver lumber when promised. As discussed earlier, 

respondents were indifferent to the intermediate and the highest quality levels of /umber 

availability (i.e., within two weeks and within four weeks) and ability to deliver lumber when 

promised (i.e, average and above average). Therefore, suppliers should at least attain the 

intermediate quality level with respect to these two service attributes. However, suppliers 

should attain an above average reputation in order to create a better customer value, in terms 
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of service. Ideally, suppliers should price lumber at the market price while providing a better 

customer service to add value to their offerings and gain market share. 

4.7 TOTAL PRODUCT VALUE DETERMINATION 

Both physical product (lumber) and service quality attributes determine the overall 

quality of a product. Thus, it is essential to adopt a total product quality approach, which takes 

both the physical product and its associated services into account. In this section, the influence 

of a limited number of lumber and service attributes in the perceived value of total product value 

will be presented. 

Two intrinsic lumber attributes and two service attributes were used in the determination 

of total product value to treaters. These attributes were chosen based on their relative 

importance to lumber value and service value. The two lumber attributes chosen were wane 

and accuracy of grading. The two service attributes were reputation of the supplier and lumber 

availability. The number of attributes chosen from lumber and service attributes was limited to 

four (two from each) to reduce the burden, in terms of number of profiles need to evaluate, on 

subjects. It could be possible to include more attributes in the model. However, as the number 

of attributes increase in the model, the quality of obtained data will decrease. Therefore, two 

most important attributes from intrinsic lumber attributes and two most important attributes from 

service attributes were selected for the final part of the value analysis. 

The responses received from the second mail survey were used to determine the effect 

of price, two intrinsic lumber attributes, and two service attributes in the formation of total 

product value. As explained in Chapter 3, data for this analysis were gathered from the buyers 

who responded to the pilot test and first mail survey. A total of 116 usable questionnaires were 

received (of 163 mailed), which resulted in a response rate of 71.2 percent. 
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4.7.1 Analysis of Data Conceming Total Product Value 

Once again, a trade-off analysis approach was used to estimate the influence of 

attribute levels on the perceived total product value and the importance of each attribute to 

treaters in the evaluation of a product's value. The part-worth model was specified for all four 

lumber and service attributes, and the vector model was specified for price. 

Sixteen hypothetical product profiles were used to quantify the importance of each 

attribute in judging the value of the total product treaters obtain from their suppliers. First, each 

categorical independent variable in total product profiles was represented by dummy variables 

using an effects coding scheme. These dummy variables, along with price, were submitted to 

the ordinary least squares (OLS) procedures to derive part-worths (utilities) for each level of the 

attributes. Table 4.23 provides the details of effects coding scheme used for all lumber and 

service attributes. Price was represented by the relative price (i.e, -5, 0, 5, or 10) as specified 

in each stimulus. 

As mentioned in Chapter 3, a standard main-effects mixed model was estimated by 

using OLS procedure. The response of a given respondent to the j" profile (stimulus) is given 

by equation 4.3 (see section 4.4.1 for details). 

4.7.2 The Individual-Level Model 

Utilizing each respondent's ratings of total product profiles as the dependent variable 

and levels of quality attributes and price as independent variables, individual-level utility scores 

were estimated. After individually analyzing the usable (for conjoint analysis) responses of 113 

respondents, the rating data from 20 respondents were discarded from the reported results if a 

respondent provided the same rating to each stimulus and based on the number of reversals (in 

terms of their preferences for specified levels of each attribute) and each respondent's adjusted 
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R? value. After eliminating these unreliable data, a total of 93 respondents, each providing 

sixteen value ratings for sixteen hypothetical lumber packs, were utilized for the analysis of total 

product value. 

A utility function model was developed for each respondent along with adjusted R’. 

This utility function is measured in abstract units of utilities (part-worths), and these utilities have 

direct one to one relationship with the scale used to measure the value ratings. This model 

provides the utility each respondent derives from each attribute level. In the main-effect model, 

part-worths are simply be summed to determine the overall value of a product that has any 

combination of attribute levels used in the study. 

The derived utility scores for each individual were pooled to obtain the average utility 

function model. The pooled value function results are shown in Table 4.24. The adjusted R? of 

the pooled model was 0.68. Adjusted R? for each respondent was transformed via an arcsin 

transformation to correct for the non-linearity of the R? statistic (Bretton-Clark 1992). This 

statistic was reconverted back after averaging the results. 

4.7.2.1 Effects of attribute levels on total product value 

Table 4.24 contains the mean (pooled) part-worth parameters, standard errors, and t- 

values associated with each attribute level. Results reveal that on average, respondents’ value 

ratings (1) increased for lumber that has no wane; (2) increased with higher accuracy of grading 

(respondents assigned higher value to the lumber pack with 99% on-grade lumber than to pack 

with 97% on-grade or 95% on-grade); (3) increased with the increase of supplier's reputation; 

(4) increased with the time frame for availability of lumber reduced from four weeks to one 

week; (5) increased linearly with decreasing price. 
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The t-values associated with each level, except pencil wane, were statistically 

significant beyond the conventional a level of 0.05, thus indicating that each utility score 

contributes significantly in explaining the variance in perceived total product value. Since the 

utility score of pencil was insignificant, it does not effect respondents’ value perceptions. The 

standard error of each part-worth indicates that respondents’ heterogeneity was low; suggesting 

that the estimated mean utility (part-worth) parameters are representative of how respondents 

weigh each attribute while evaluating a product. 

The part-worths shown in Table 4.24 indicate that a product with no wane (1.08) is by 

far the most preferred level, in terms of value, with $10 above market price (-1.13) being the 

least preferred level. Thus, no wane lumber increases the average value (i.e., intercept which 

is equal to 5.39) of a product by 1.08, and the lumber that is priced $10 above the market price 

will decrease the average value of a total product by 1.13. 

Based on the utility scores provided in Table 4.24, the mean total product value model 

for lumber treaters can be specified with the following equation: 

TPVy = 5.39+ Ugyyt Uygy+ Upyy+ Ugyy*+ (-0.11) * RP, (4.11) 

Where 

TPV, = mean perceived total value of /’ profile 

U = mean utility score of a particular attribute (g,w, . . ., a) level / for /” profile 

gif = /* level of accuracy of grading for /” profile 

wii = 7? level of wane for /” profile 
rij = /f" level of reputation of the supplier for j" profile 

aii = /* level of lumber availability for /” profile 
RP, = telative price of /” profile 

One can obtain the perceived total product value of treaters by substituting one utility 

score for each attribute into equation 4.11. For example, if a supplier provides a lumber pack 

with no wane, with 99% on-grade lumber, has an above average reputation, makes lumber 
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available within a week of receiving an order, and charges $5 above the current market price 

per mbf, the value of this product can be determined by adding the respective utility scores and 

the intercept. So the value of the pack is equal to 7.18 (5.39 + 1.07 + 0.44 + 0.38 + 0.47 - 

(0.11 x $5)), when the value was measured on a nine-point scale. 

Knowing the part-worths allows the determination of the total worth, in terms of value, of 

a product that has different lumber and service attribute combinations, even of those that are 

not included in the orthogonal array. The most preferred combination of attributes is 

represented by a supplier who has above average reputation, makes lumber available within 

one week of receiving an order, provides lumber with 99% on-grade material and no wane, and 

charges $5 above the current market price per mbf. The total worth (the sum of utility scores 

and intercept) of this product is 8.32. 

4.7.2.2 Differences between utility scores 

In the next stage of the analysis, tests were performed to determine whether, for each 

attribute, the estimated utility scores of attribute levels are significantly different from each other. 

The resulting t- statistic and p-value for each null hypothesis and the conclusion for each test 

are shown in Table 4.25. The tests reveal that for all attributes except accuracy of grading and 

reputation of the supplier, the estimated utility scores are significantly different from others. For 

the attribute accuracy of grading, the null hypothesis that the estimated utility score for 97% on- 

grade is equal to the utility score of 95% on-grade was not rejected at the 0.05 level. 

Nevertheless, the utility score for 99% on-grade differs significantly from the utility scores of 

97% on-grade and 95% on-grade. When evaluating lumber value, without service attributes, the 

same results were obtained for accuracy of grading. Since in two separate analyses (i.e., 

lumber value and total product value), the same results were obtained, it can be assumed that 
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obtained results are reliable and treaters are indifferent to the lumber pack with 95% on-grade 

lumber and the lumber pack with 97% on-grade lumber. In the total product evaluation, the 

lumber pack with 97% on-grade material decreased a product's average value more than the 

lumber pack with 95% on-grade material. Although, this finding is contrary to the conventional 

choice model, the utility scores for 97% on-grade ad 95% on-grade can be considered the same 

as they are not statistically different from each other (please refer to section 4.7.2.2 for details). 

In addition, the null hypothesis that the estimated utility score for above average 

supplier's reputation is equal to the utility score of average supplier's reputation is not rejected. 

However, the utility scores of above average and average supplier's reputation differed 

significantly from the utility score of below average supplier's reputation. Respondents appear 

to perceive the value of a total product the same irrespective of whether the suppliers' 

reputation is average or above average. Consequently, the value of the product will not 

increase significantly even when the supplier increases his or her reputation from average to 

above average. 

4.7.2.3 Importance of attributes in the determination of value 

Table 4.26 shows the importance score (A,) for each attribute used in the evaluation of 

total product value. These scores show that the total product's average value increase when the 

least preferred level is replaced by the most preferred level of an attribute. The greater the 

importance score, the more important the attribute is in influencing perceived lumber value. 

Relative importance of each attribute was calculated based on the importance score and 

expressed as a percentage. Relative importance when summed across all attributes equals 

100 percent. Relative importance indicates how much each attribute contributed to the 

respondent's evaluation of a product's value. 
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Figure 4.9 portrays the relative importance of each attribute in the formation of value 

perceptions. Respondents considered wane to be the most important of all attributes in the 

model in the evaluation of total product value. The relative importance of wane was 31.4%. 

Price was considered the second most important feature in the formation of value perceptions 

with a relative importance of 25.6%. The remaining three attributes were considered to be less 

important when compared to wane and price. Respondents considered accuracy of grading as 

the least important attribute, with a relative importance of 11.5%. The two service attributes 

lumber availability and reputation of the supplier were considered slightly more important than 

accuracy of grading. The relative importance of these two attributes was 16.6% and 14.8%, 

respectively. Therefore, in assessing the lumber value, wane and price are the most important; 

followed by /umber availability and reputation of the suppler. 

The results indicate that buyers give the least importance to accuracy of grading while 

evaluating the total product. This shows that customer value will not be drastically affected 

negatively even when a supplier provides lumber with 95% on-grade material. Treaters are not 

willing to sacrifice large amount to obtain a higher grade lumber. These results indicate that as 

long as a firm grades lumber according to the grading rules, respondents are satisfied with the 

grading accuracy, and their value perceptions of a product (lumber and services) will not 

decrease substantially. 

Respondents were asked to indicate their level of agreement to several lumber quality, 

service quality, and price statements on a seven point scale where 1 indicates strongly disagree 

and 7 indicates strongly agree (see question #10 in Appendix B). The average rating score for 

the statement, when all suppliers provide the similar quality service, our company pay more for 

lumber quality was 5.56. On the other hand, the average rating score for the statement, when 

all suppliers provide similar quality lumber, our company will pay more to the supplier who 
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provide quality service was 5.00. The average rating scores for these two statements differ 

statistically different from each other (p = 0.00). Based on these results, it can be stated that 

respondents are willing to pay more to suppliers who provide better quality lumber as opposed 

to better quality service. The trade-off analysis also indicated that buyers are willing to forego 

lower prices to obtain a better quality (wane free) lumber. This is true because buyers gave 

more importance to wane than to price while evaluating the value of the total product. Thus, 

the rating scores obtained to the statements mentioned above cross-validate the results 

obtained in the conjoint analysis. Although respondents are more willing to undergo monetary 

sacrifice for lumber quality than service quality, the rating of 5.00 for pay more for service 

quality indicates that respondents are, in general, willing to pay more than average for a better 

service quality. 

When asked directly, respondents indicated that they give more importance to lumber 

quality than service quality when purchasing lumber. The average rating score for the 

statement, when purchasing lumber, our company gives more importance to lumber quality than 

to service quality, was 4.74, and for the statement, when purchasing lumber, our company gives 

more importance to service quality than to lumber quality was 2.95. The difference between 

both statements’ scores is statistically significant (p = 0.00). 

The same general results were observed in the trade-off analysis. The sum of relative 

importance scores for wane and accuracy of grading was 42.9 percent (31.4 percent + 11.5 

percent) and reputation of the supplier and lumber availability service attributes was 31.4 

percent (14.8 percent + 16.6 percent). If we consider the former as the importance score of the 

lumber quality dimension, and the latter as the importance of the service quality dimension, the 

same conclusion (i.e., respondents, in general, place more importance to lumber quality than 

service quality) can be reached using the results of conjoint analysis. However, conjoint 
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analysis provides additional information, such as the magnitude of each lumber and service 

attribute's importance in the evaluation of a product. This information can be useful for 

softwood suppliers to narrow the focus of their marketing strategy. 

To further evaluate (using individual-level utility scores) whether lumber or service 

quality is more important, two hypothetical products (P1 and P2) were created (See Table 4.27 

for the quality level of each attribute and price). In P1, the quality level of two intrinsic lumber 

attribute was high (no wane and 99% on-grade) while the quality level of two service attributes 

was low (below average reputation and lumber is available within four weeks). On the other 

hand, in P2, low quality levels were assigned for two intrinsic lumber attributes (maximum 

allowable wane and 95% on-grade) and high quality levels were assigned for two service 

attributes (above average reputation and lumber is available within one week). Using individual- 

level utility scores, the average value for these two products was calculated and whether the 

two mean average values differ significantly was tested. 

Respondents considered the average value of P1 higher than the value of P2. In 

addition, the average value of P1 is significantly different from the average value of P2 (p < 

0.01). This test concludes that, on average, treaters give more importance to lumber quality 

than service quality when they are evaluating the value of a total product. 

4.7.3 Aggregate — Level Total Product Value Model 

The specification of an aggregate—level model is acceptable to estimate average utility 

scores when respondents are considered to be a homogeneous group in terms of their 

preferences. As the individual-level model data indicated that the respondents are homogenous 

in terms of their value preference, an aggregate — level value function model was developed 
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using 1488 (93 respondents X 16 responses from each respondent) value rating observations. 

The resulted aggregated model utility scores were the same as the pooled model utilities. 

Table 4.28 provides the statistics obtained for this model. The calculated F-ratio of 

69.98 (with p value = 0.00) verified the significance of the effect of the attributes on the utility 

score of the respondents. The null hypothesis that lumber and service attributes and price 

account for no variance in the formulation of treaters' total product value perceptions can be 

rejected. The obtained R? value is .30 for the aggregate model. So the best estimate of the 

proportion of lumber value variance accounted for by attributes used in the study is 30%. This 

statistic is comparable to the R® statistic reported by DeSarbo et al. (1994) and Manlo (1990). 

As the obtained part-worths were the same for both pooled and aggregate model, the relative 

importance of attributes for the aggregate model were also the same as reported in Table 4.26. 

4.7.4 Assessment of Cross-Validity 

The next stage in the analysis was to generate a measure of reliability for each 

individual. To cross-validate the model, the estimated individual-level part-worths (resulting from 

the utility function model) were used to predict value ratings on four holdout cards which were 

not utilized to estimate the respondent's utility function. These predicted value ratings were 

correlated with the observed value ratings for these four cards, where a correlation of 1 

indicates a perfect fit and O indicates a total lack of fit. The average correlation for all 

respondents was 0.84. This compares well with previous conjoint study cross-validation results 

reported by Bateson, Reibstein, and Bouldings (1987) and DeSarbo et al. (1994). Bateson, 

Reibstein, and Bouldings reported mean correlation coefficients of several studies which ranged 

between 0.36 to 0.92. DeSarbo et al. (1994) obtained a correlation coefficient value of 0.65 for 

banking services and 0.52 for dental services. 
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In addition, the average absolute difference between the predicted and observed 

holdout value ratings was calculated. The average absolute difference between predicted and 

actual value rating was 1.28. None of the previous conjoint studies reported this statistic. 

However, the results of conjoint analysis are considered good when the average absolute 

difference is small. The range of values for this statistic depends on the scale used. Since, a 9 

point scale was used to measure the total product value, the average absolute difference 

obtained here is higher than the values obtained in the lumber value and service value analysis. 

Judging from the scale used, the absolute difference between predicted and actual value is not 

high. Based on high average correlation coefficient value, we can conclude that the estimate of 

utility scores are reliable. 

While collecting data, a battery of questions were asked conceming the respondents' 

evaluations of their current supplier's lumber and service quality in terms of the attributes used 

to estimate the total product value. Respondents were asked to report the quality level of each 

attribute they obtain from their major supplier using the same levels that were employed in the 

formulation of total product conjoint profile. For example, they were asked to check one box 

that describe the reputation of their major supplier by providing three choices: above average 

reputation, average reputation, and below average reputation. In addition, respondents were 

asked to report the relative price their major supplier charges for lumber and the overall value of 

the total product they receive from their major supplier. 

Using the obtained data, a predictive validation test was performed. For each 

respondent, an overall value of products obtained from his/her major supplier was calculated by 

using the individual-level utility scores and the responses received for each attribute. For 

example, if one respondent reported that his major supplier provides lumber with no wane and 

95% on-grade material, has average reputation, makes lumber available within two weeks, and 
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prices lumber at the current market price, the overall value was calculated by utilizing this 

particular respondent's utility scores for these attribute levels. Once the overall estimated value 

was Calculated, it was then compared with respondent's elicited overall value rating. The 

obtained correlation coefficient was 0.37, and it is significantly greater than zero (p<0.001). 

This value compares well with the results of DeSarbo et al. (1994) who reported a value of 0.47 

for banking services and 0.19 for dental services. None of the authors who employed conjoint 

method, except DeSarbo et al. (1994), used similar validation test. In general, the cross- 

validation results indicate that the reliability of estimated utility scores for total product value 

model are reliable. 

4.7.5. Simulations 

To leam the respondents’ trade-off between the price and quality levels of each 

attribute, simulation analyses were performed. The estimated utility scores for each respondent 

were used as input data for each simulation analysis. To determine the price respondents’ are 

willing to forego to obtain a better quality level in terms of each attribute, two hypothetical 

products were created. Each product differed from another on quality levels of only one 

attribute, at a time. For example, one product had lumber with no wane and another product 

had lumber with maximum allowable wane. However, these two products had the identical 

levels for the other attributes. When the price of these two products was the same, the share 

estimate for the product with no wane lumber was 91.4% and the share estimate for the product 

with maximum allowable wane was 8.6%. The share estimate of the product with no wane 

became roughly equal to the share estimate of the product with maximum allowable wane when 

the price difference between these two products was more than $15.50 per mbf. Thus, buyers 
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are willing to give-up more than $15.50 per mbf to obtain wane free lumber. In the similar 

fashion, respondents’ price sensitivity to the remaining attributes ware determined. 

Table 4.29 provides the details of respondents' price sensitivity to each level of quality. 

Respondents are willing to pay more for a quality increase in wane (no wane) than for a quality 

increase in any other attribute. Although respondents are willing to pay more even when wane 

increased from the intermediate quality level (pencil wane) to the highest quality level (no 

wane), they are not willing to undergo a similar magnitude of monetary sacrifice when service 

quality increased from the intermediate quality level (average reputation and lumber available 

within 2 weeks) to the highest quality level (above average reputation and lumber available 

within 1 week). Therefore, suppliers should strive to provide at least an average service quality 

level and a high lumber quality level to create a better customer value for treaters. 

4.7.6 Implication of Results 

The findings of the study indicated that respondents assign greater importance to 

lumber quality than service quality when evaluating a product. In particular, respondents gave 

utmost importance to obtaining wane free lumber. The absolute change in the average value of 

a product was the same depending on what quality level of wane is being supplied. If the 

quality level of wane is the lowest (maximum allowable wane), it will reduce the average value 

of a product by 1.01. Conversely, if the quality level of wane is the highest (no wane), it will 

enhance the average value of a product by 1.08. Since treaters are sensitive to wane, they are 

willing to undergo a larger amount of monetary sacrifice to obtain a product without wane. 

Therefore, suppliers should provide wane free lumber to increase total product value as defined 

by the customer. 
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The lumber quality attribute, accuracy of grading, does not played a major role in 

determining total product value. The estimated utility scores of 97% on-grade and 95% on- 

grade were not statistically significant from one another, indicating that buyers value a lumber 

pack with 97% on-grade lumber and a lumber pack with 95% on-grade lumber similarly. 

However, if the lumber pack has 99% on-grade lumber, it was valued more than a lumber pack 

with either 95% on-grade or 97% on-grade. Based on the low importance the attribute accuracy 

of grading received from respondents, it can be assumed that treaters are satisfied with the 

current level of grading accuracy (95%) specified in the grading rules. However, they might 

become more sensitive to this attribute if grading accuracy drops to below 95%. As long as 

suppliers can provide a lumber with 95% on-grade, they should concentrate on providing 

appearance grade lumber (i.e., without wane). In this fashion, a softwood lumber manufacturing 

company can enhance the value of the product they provide to treaters. 

As in the service value analysis, respondents showed that they are risk averse, in terms 

of service quality. They considered the cost induced by receiving below average service to be 

greater than the benefits of receiving above average service. This is evident from the 

magnitude of utility scores for each service quality level. Respondents rated the value of a 

product as low when the reputation of the supplier is below average and lumber is available 

within four weeks. However, respondents did not rate the product supplied by a supplier who 

has above average reputation or can make lumber available within one week of receiving an 

order as higher value than the product supplied by another supplier who has average reputation 

or can make lumber available within two weeks. This is true since the difference between the 

utility scores of above average reputation and average reputation was not statistically significant 

(refer to Table 4.25) and the difference between the utility scores of lumber available within two 
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weeks and of lumber available within one week in terms of lumber availability was barely 

significant (p = 0.05). 

Simulation results (Table 4.29) also showed that treaters are not willing to undergo 

monetary sacrifice when the quality level of service attributes increase from the intermediate 

level to the highest level. Hence, suppliers should focus on improving their image from below 

average to average and making lumber available within two weeks of receiving order instead of 

within four weeks to improve the customer value. Instead of channeling their efforts into 

improving services attributes quality level to the highest level, suppliers should divert their 

efforts in providing highest quality levels for intrinsic lumber attributes while maintaining at least 

an average service quality. By providing service, firms can add value to its products. 

4.8 SUMMARY 

This chapter began with a presentation of demographic and situational information such 

as species treated, lumber grade treated, etc. Subsequently, conjoint results conceming lumber 

value, service value, and total product value were presented in separate sections. In this 

section a brief summary of the findings will be presented. 

The most commonly treated lumber grade was #2 and the species group most 

commonly treated was southem pine. The majority of the respondents’ wood preserving plants 

were located in the Southern Region of the U.S. Treaters were more inclined to distribute their 

treated production through home centers and lumber & building material stores than any other 

distribution channels. The majority of the lumber obtained for treating purpose was purchased 

from the outside sources, other than the company's own sawmills. In addition, the major portion 

of respondents' treated volume was in dimension lumber. 
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Conjoint analysis was used to estimate the importance of intrinsic lumber attributes and 

service attributes in the determination treaters' value perceptions. First, the influence of intrinsic 

lumber attributes on treaters' lumber value perceptions was estimated. Secondly, the influence 

of various service attributes on service value perceptions was determined. Subsequently, the 

effect of both intrinsic lumber attributes and service attributes on perceived total product value 

was estimated by utilizing trade-off analysis. 

In lumber value analyses, wane emerged as the most important factor in determining 

treaters' softwood lumber value. Buyers are willing to forego lower prices to obtain higher levels 

of quality, in terms of wane. Accuracy of grading was found to be the second most important 

intrinsic lumber attribute in estimating value. Although buyers showed a higher preference for 

99% on-grade lumber, the magnitude of increase in perceived value was not substantial. The 

order of importance for remaining attribute was: damage to /jumber pack, lumber availability and 

moisture content. Results showed that moisture content is the least important in determining 

treater's perceived lumber value. 

While evaluating a service value, respondents gave the highest importance to price over 

all service attributes. This is different from the findings obtained in the lumber value analysis 

where price was considered the second most important attribute after wane. Respondents are 

willing to undergo monetary sacrifice to obtain lumber from the supplier who has at least an 

average reputation, and will provide lumber within two weeks of receiving the order. Ifa 

supplier's ability to deliver lumber when promised is average or above average, treaters' 

perceived service value will increase. These three service attributes contributed the most in the 

evaluation of a service value. 

In today's business environment, customers make their purchase decision based not 

only on product quality but also on service quality. Customers prefer to buy products from a 
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supplier who provides superior customer service when the quality of products is same from one 

supplier to another. Thus, it is essential for suppliers to leam the magnitude of importance 

customers assign to product quality and service quality while evaluating a product. In order to 

evaluate the influence of product and service quality on total product value, two intrinsic lumber 

attributes and two service attributes were used. Again, wane emerged as the most important 

attribute, followed by price. In general, respondents considered lumber quality to be more 

important than service quality when evaluating a total product. However, by providing average 

service quality, companies can add value to the product and eventually gain larger market 

share. 

165



Vijay S. Reddy Chapter 4 

  

% 
of

 
re
po
rt
ed
 

pl
an

ts
 
an
d 

tr
ea

te
d 

vo
lu
me
 

  

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

So
ut
h 

  

(4% of reported plants E3% of reported treated volume) 

Mi
dw

es
t 

No
rt

he
as

t 

Region 

W
e
s
t
 

      

Figure 4.1 Percentage of softwood lumber volume treated and plants located by region in 
1993 as reported by respondents. 
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Figure 4.2 Percent of total reported volume by grade for 1993 
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Figure 4.3 Reported 1993 total treated softwood volume by species or species group 
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Figure 4.4 Percentage of reported treated softwood lumber volume distributed through various 
channels in 1993. 
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Figure 4.7 Relative importance of intrinsic lumber attributes and price in the formation of 
treaters' lumber value perceptions 
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Figure 4.8 Relative importance of service attributes and price in the formation of treaters' 
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Figure 4.9 Relative importance of lumber and service attributes and price in the formation of 

treaters' perceived total product value 
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Table 4.1 Items used to measure the quality mindedness and price mindedness dimensions 
  

Quality mindedness 
  

1. High-priced lumber is always of good quality 
  

2. High quality lumber suppliers never offer low prices 
  

3. Our company always has to pay a bit more for the better quality lumber 
  

  

Price mindedness 
  

1. Our company always look for bargain lumber prices 
  

2. While purchasing lumber, our company considers price to be the single most 
important factor 
  

3. Price plays an important role when deciding on a lumber supplier 
  

4. Our company is not one that “shops around" to compare prices’ 
  

5. Our company does not buy lumber from suppliers who charge more than the market 

price, even if they provide better quality lumber         
Reverse coded 
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Table 4.2 The effects coding scheme used to represent intrinsic lumber 
attributes 
  

Attribute’ Attribute level Vector1 Vector2 
  

Accuracy of grading 

95% on-grade 
  

97% on-grade 
  

99% on-grade 
  

Wane 

Maximum allowable wane 
  

Pencil wane 
  

No wane 
  

Moisture content 

25% MC 
  

22% MC 
  

19% MC 
  

Lumber straightness 
Maximum allowable warp 
  

Straight lumber 
  

Damage to lumber 

pack   Minor forklift damage 
    No forklift damage         

Price was coded according to the relative price used in each stimulus, i.e, -$5, $0, $5, or $10. 
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Table 4.3 Example data for one respondent used to estimate the lumber value model after 
representing intrinsic lumber attributes by effects coding scheme 

profile Depen Independent Variable 

a variable | Gradet | Grade2 | Wane | Wane2 | MC1 | Mc2 | Straight | Forklift | pice 
damage 

1 7 -1 -1 0 1 -1 -1 1 1 0 

2 5 -1 -1 0 1 -1 -1 1 -1 -5 

3 4 -1 -1 0 1 0 1 -1 -1 5 

4 6 -1 -1 0 1 0 1 -1 1 10 

5 5 1 0 0) 1 0 1 -1 -1 0 

6 5 1 0 1 0 0 1 1 1 -5 

7 1 -1 -1 -1 -1 1 0 -1 -1 -5 

8 6 0 1 0 1 0 1 -1 1 “5 

9 1 1 0 -1 -1 -1 -1 -1 1 5 

10 6 0 1 0 1 1 0 1 1 5 

11 6 -1 -1 1 0 0 1 1 -1 5 

12 1 -1 -1 -1 -1 0 1 1 1 10 

13 1 0 1 1 0 -1 -1 -1 -1 10 

14 2 1 0 0 1 1 0 1 -1 10 

15 4 -1 -1 1 0 1 0 -1 1 0 

16 1 0 1 -1 -1 0 1 1 -1 0 

17 1 1 0 -1 -1 -1 -1 1 1 0 

18 4 -1 -1 0 1 1 0 1 1 10 

19 5 0 1 1 0 -1 -1 -1 1 5 

20 1 -1 -1 -1 -1 0 1 1 -1 -5                             

Last four profiles are holdout cards which were used to test the reliability of the estimated utility scores 
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Table 4.4 Utility score for each attribute level based on the pooled utility function of lumber 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

value 

Attribute Level Utility | Standard | t- value* | Proba- 
(Feature) (Part- Error bility (p) 

worth) (SE) 

95% on-grade -0.27 0.038 -7.150 0.00 

Accuracy of | 970, on-grade -0.10 0.033 | -2.915 | <0.01 
grading 

99% on-grade 0.37 0.041 8.973 0.00 

Maximum allowable wane -0.72 0.049 -14.774 0.00 

Wane Pencil wane -0.05 0.042 -1.191 <0.30 

No wane 0.77 0.057 13.577 0.00 

25% MC -0.05 0.050 -0.986 <0.35 

Moisture 22% MC -0.14 0.039 | -3.605 | 0.00 
content 

19% MC 0.19 0.057 3.332 0.00 

Lumber Maximum allowable warp -0.27 0.033 -8.267 0.00 

straightness | straight lumber 0.27 0.033 8.267 | 0.00 

Damage to Minor forklift damage -0.32 0.029 -11.000 0.00 

lumber pack | No forklift damage 0.32 0.029 | 11.000 | 0.00 

$5 below the market price 0.48 

Same as the market price 0.00 
Price/mbf' 

$5 above the market price -0.48 

$10 above the market price -0.96 

Intercept 4.07 0.146 95.071 0.00 

Adjusted R?* 0.65               
  

‘Utility score for each price level was calculated by multiplying the relative price (i.e., -5, 0, 5, or 10) with regression 
coefficient value of -0.09617. The price vector's SE was 0.007 and t-value was 13.71 which is statistically 
significant (p = 0.00). 

?_T-values were calculated before rounding utility scores and standard errors to two and three digits, respectively. 
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Table 4.5 Tests of the hypothesis that estimated utility scores (U) for each level of 
an attribute are significantly different from other levels of the same 

Chapter 4 

  

  

  

  

  

  

  

  

  

  

  

  

attribute 

Attribute® Null hypothesis t-value | Probability 

(P) 

Use on-grade = Yprx on-grade -1.754' 0.08 

Accuracy of grading ose on-grado = nor on-grade -6.391? 0.00 

Users on-grade = Uaree on-grade 4.0167 0.00 

Unax. wane = Upencii wane -6.067° 0.00 

Wane U nas. wane = Yno wane -15.828° 0.00 

Uno wane = Upencit wane 8.706" | 0.00 

Usse ue = Uoor uc 0.784" 0.43 

Moisture content Ussee uc = Uren mc -2.371? 0.02 

Uso me = Voor mc 3.276° 0.00 

Lumber straightness Unax wap = Ustraignt -~6.685° 0.00 

Damage to lumber pack | U =U -7.852° 0.00     minor forldift damage no forWdift damage         

' Unable to reject H, at a = 0.05 significance level 
2 Reject H, at « = 0.05 significance level 
* __ As price is a continuous variable and it is significant to the model, the various prices used in 

the study were not compared because the utility score difference between each price range 

either increase or decrease linearly 
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Table 4.6 Relative importance of lumber attributes based on 

  

  

  

  

  

  

  

pooled estimated part-worths 

Importance Relative 
Attribute score importance 

(A) (%) 

Accuracy of grading 0.64 12.6 

Wane 1.50 29.4 

Moisture content 0.33 6.5 

Lumber straightness 0.55 10.7 

Damage to lumber pack 0.64 12.5 

Price/mbf 1.44 28.3           

Table 4.7 Importance of intrinsic lumber attributes to overall 
lumber quality based on respondents’ allocated 
100 points among all attributes 
  

  

  

  

  

    

Attribute Average importance score 

Accuracy of grading 30.9 

Wane 23.6 

Moisture content 14.3 

Lumber straightness 17.9 

Damage to lumber pack 13.6       
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Table 4.8 Aggregate-level model estimated utilities based on regression coefficients 
  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

Attribute Level’ Coefficient t-value Proba- 
value bility 

(part- (Pp) 
worth) 

95% on-grade -0.27 -5.8967 0.00 

Accuracy of grading 97% on-grade -0.10 -1.780° 0.08 

99% on-grade 0.37 6.808° 0.00 

Maximum allowable wane -0.72 -13.394? 0.00 

Wane Pencil wane -0.05 -0.925° 0.36 

No wane 0.77 16.7917 0.00 

25% MC -0.05 -0.912° 0.36 

Moisture content 22% MC -0.14 -2.601° 0.01 

19% MC 0.19 4.119 0.00 

Maximum allowable warp -0.27 -7.8927 0.00 
Lumber straightness 

Straight lumber 0.27 7.892? 0.00 

Minor forklift damage -0.32 -9.229° 0.00 
Damage to Lumber pack 

No forklift damage 0.32 9.229? 0.00 

Price/mbf Relative Price -0.10 -15.552? 0.00 

Intercept 4.07 95.071" 0.00 

R? 0.30 

Adjusted R? 0.30 

F Ratio 88.217           
  

' In the regression equation, only two levels were specified if the attribute has three levels, and one level was 

specified if the attribute has two levels. However, other level coefficient value and t ratio were determined by doing 
additional computations. 

? Statistically significant at a = 0.05 level 
° Statistically insignificant at a = 0.05 level 
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Table 4.9 

perceived value ratings and simulation results 
Hypothetical lumber packs used for testing the Proposition 1 with average 

  

Attribute Quality level of each attribute in each pack 
  

Pack1 Pack2 Pack3 
  

Accuracy of grading 95% on-grade 97% on-grade 99% on-grade 
  

Wane Maximum wane Pencil wane No wane 
  

Moisture content 19% MC 22% MC 19% MC 
  

Lumber straightness Maximum warp Straight lumber Straight lumber 
  

Damage to lumber pack Minor forklift damage No forklift damage No forklift damage 
  

  

          
Price/mbf Same as the market | Same as the Same as the 

price market price market price 

Average value ratings’ 2.67 4.37 5.99 

Share estimate” 1.7 9.1 89.1       

' Calculated based on individual utility scores 
? May not add to 100 due to rounding 
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Table 4.10 Description of hypothetical lumber packs used to test the proposition 2 
along with their average value ratings and simulation results 
  

Attribute Quality level of each attribute in each pack 
  

Pack4 Pack5 
  

Accuracy of grading 99% on-grade 99% on-grade 
  

Wane No wane No wane 
  

Moisture content 19% MC 19% MC 
  

Lumber straightness Straight lumber Straight lumber 
  

Damage to lumber pack No forklift damage No forklift damage 
  

  

        
Price/mbf $10 above the market price | $5 below the market price 

Average value ratings’ 5.03 6.47 

Share estimate” 5.7 94.4     

Based on individual utility scores 
May not add to 100 due to rounding 
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Table 4.11 Simulation results of respondents' preference for lumber packs when 
attribute levels were changed one at a time from least preferred level to 

  

  

  

  

  

  

  

  

  

  

  

  

  

highest preferred level 

Attribute level changed % of Difference in 

Attribute (FROM... TO)' respondent preference 
preferred (%) 

Accuracy of 95% on-grade 22.6 54.8 

grading 99% on-grade 77.4 

Maximum allowable wane 5.2 
Wane 89.6 

No wane 94.8 

22% MC 37.8 
. 24.4 

Moisture content 19% MC 62.2 

Lumber Maximum allowable warp 17.8 64.4 

straightness Straight 82.2 , 

Damage to lumber Minor forklift damage 11.7 766 

pack No forklift damage 88.3 

$10 above the market price 5.6 
Price/mbt 88.7 

$5 below the market price 94.4           
  

The levels of other attributes were kept constant while changing one attribute level from the least 

preferred level to the highest preferred level. For example, while keeping quality levels of accuracy of 
grading, moisture content, lumber straightness, damage to lumber pack the same for two hypothetical 

packs, the quality level for wane was changed from maximum allowable wane for one pack to no wane 
for another. The share estimate for two packs was 5.2% and 94.8%, respectively. 
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Table 4.12 Simulation results of buyers’ price sensitivity to changes in intrinsic lumber 

  

  

      

  

      

  

      

  

      

  

      

  

      

  

      

  

      

  

      

attribute levels 

Attribute’ Manipulated Price % of the Price % of the 
level diffe- respondents diffe- respondents 

rence? preferred rence? | preferred® 

99% on-grade 77.4 50.9 
0 6.00 

95% on-grade 22.6 49.1 

97% on-grade 62.2 52.2 Accuracy of 9g 0 2.00 

grading 95% on-grade 37.8 47.8 

99% on-grade 74.8 50.4 
0 4.00 

97% on-grade 25.2 49.6 

No wane 94.8 50.9 
0 15.00 

Maximum wane 5.2 49.1 

Pencil wane 78.7 50.0 
Wane - 0 5.75 

Maximum wane 21.3 50.0 

No wane 83.5 50.4 
0 8.50 

Pencil wane 16.5 49.6 

i 4 19% MC 62.2 51.3 Moisture 0 225 

content 22% MC 37.8 48.7 

Lumber Straight lumber 0 82.2 6.00 50.4 

straightness | Maximum warp 17.8 49.6 

Damage to No forklift damage 0 88.3 700 51.7 

lumber pack | Minor forklift damage 11.7 48.3                   
  

' Only levels of one intrinsic lumber attribute were manipulated, one at a time, while keeping the rest of 
intrinsic lumber attributes’ levels the same between two lumber packs. 

lumber attribute. 

preferring each lumber pack is .50 is not rejected. 

Lumber price difference between the two lumber packs which differ in the quality level of one intrinsic 

Statistically insignificant at 0.05 significance level, i.e, null hypothesis that the proportion of respondents 

Since there is no significant difference between the utility score of 25% MC and 22% MC, the percent of 
respondents preferring these two levels is not reported. In addition, only the simulation results of 19% 

vs. 22% was reported instead of 19% MC vs. 25% MC and 19% MC vs. 22% MC due to the reason 
pointed earlier. 
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Table 4.13 The effects coding scheme used to represent service attributes 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

Attribute’ Attribute level Vector Vector2 

Below average -1 -1 

Reputation of the supplier Average 1 0 

Above average 0 1 

Below average -1 -1 

Ability to deliver lumber when Average 1 0 

promised 

Above average 0 1 

Within four weeks -1 -1 

Lumber availability Within two weeks 1 0 

Within one week 0 1 

Supplier's willingness to handle Average - - 
probiems professionally Above average 1 . 

The ease with which the suppliers [Average 1 : 
can be contacted by phone Above average 1 .             

Price was coded according to the relative price used in each stimulus, i.e, -$5, $0, $5, or $10. 
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Table 4.14 The pooled utility scores for each service attribute level 

Chapter 4 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

— —] 

Attribute (Feature) Level Utility Stan- t- value? | Pro- 
(Part- dard babi- 

worth) Error lity 

(SE) (Pp) 

Below average -0.57 0.057 | -10.025 |} 0.00 

Reputation of the Average 0.00 | 0.033 ] 0.021 | >.90 
supplier 

Above average 0.57 0.054 10.570 | 0.00 

Below average -0.61 0.045 -13.612 | 0.00 

Ability to deliver lumber | 4 rage 0.34 | 0.032 | 10.667 | 0.00 
when promised 

Above average 0.28 0.046 6.011 } 0.00 

Within four weeks -0.74 0.050 | -14.958 | 0.00 

Lumber availability Within two weeks 0.43 0.039 10.817 | 0.00 

Within one week 0.32 0.047 6.775 | 0.00 

Supplier's willingness to | Average -0.19 0.021 -9.073 | 0.00 
handle problems 
professionally Above average 0.19 0.021 9.073 | 0.00 

The ease with which Average -0.02 0.019 -1.216 | <.20 
the suppliers can be 
contacted by phone Above average 0.02 0.019 1.216 | <.20 

$5 below the market price 0.44 

Same as the market price 0.00 

: 4 

Price/mbt $5 above the market price -0.44 

$10 above the market -0.87 
price 

Intercept 3.83 0.067 57.164 | 0.00 

Adjusted R? 0.70 
                

1 Utility score for each price level was calculated by multiplying the relative price (i.e., -5, 0, 5, or 10) with regression 
coefficient value of -0.09. The price vector's SE was 0.008 and t-value was -11.627 which is statistically significant 
(p = 0.00). 

All t-values are statistically significant at a level of 0.005, except tvalues of average reputation of the supplier and 
both levels of the attribute the ease with which the suppliers can be contacted 
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Table 4.15 Tests of the hypothesis that estimated utility scores (U) of each level of a service 
attribute are significantly different from other levels of the same attribute 
    

  

  

  

  

  

  

  

  

  

  

    
1 

Attribute’ Null hypothesis t-value Proba- 
bility (p) 

U pnove average — U average 8.24? 0.00 

Reputation of the supplier Unsove average = Uneiow average 10.79? 0.00 

U pverage = Ussiow Average 7.53" 0.00 

Unbove average = average -1.00° <0.40 

prose deliver lumber when Unrove average — Useiow Average 10.45° 0.00 

Unverage = Useiow Average 15.04? 0.00 

Us week = Uo weeks -1.57° <0.15 

Lumber availability Uy woo = Us woots 12.04? 0.00 

Us woos = Us weots 15.25° 0.00 

Supplier's willingness to handle Unsove average = Uaverage 9.087 0.00 
problems professionally 

The ease with which the suppliers | Unsere average = Uaverage 1.22° <0.25 
can be contacted by phone           

As price is a continuous variable and it is significant to the model, the various prices used in 
the study were not compared because the difference between each price rage increases and 

decreases linearly 

Reject H, at a = 0.001 significance level 
Unable to reject H, at a = 0.05 significance level 
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Table 4.16 Relative importance of service attributes based on 

  

  

  

  

  

  

  

pooled estimated part-worths 

Importance Relative 

Attribute score importance 

(R) (%) 

Reputation of the supplier 1.14 22.9 

Ability to deliver lumber when promised 0.95 19.1 

Lumber availability 1.17 23.4 

Supplier's willingness to handle problems 0.38 7.5 

professionally 

The ease with which the suppliers can be 0.05 0.9 
contacted by phone 

Price 1.31 26.2         
  

Table 4.17 Importance of service attributes to overall service 

  

  

  

  

  

  

quality as reported directly 

Attribute Average 

importance 

score’ 

Reputation of the supplier 19.8 

Ability to deliver lumber when promised 28.7 

Lumber availability 22.7 

Supplier's willingness to handle problems 14.8 
professionally 

The ease with which the suppliers can be 14.1 

contacted by phone         
' May not add to 100 due to rounding 
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Table 4.18 Estimated service value utilities for the aggregate-level model based on regression 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

coefficients 

Attribute Level’ Utility score | t-value Proba- 
(part- bility (p) 

worth) 

Below average -0.57 -9.6457 0.00 

Reputation of the Average 0.00 0.015° | 0.99 
supplier 

Above average 0.57 11.525? 0.00 

Below average -0.62 -12.066° 0.00 

Ability to deliver lumber | average 0.34 6.6672 | 0.00 
when promised 

Above average 0.28 5.738" 0.00 

Within four weeks -0.74 -15.499? 0.00 

Lumber availability Within two weeks 0.43 7.821? 0.00 

Within one week 0.32 6.303? 0.00 

Supplier's willingness to | Average -0.19 -5.8087 0.00 

handle problems 
professionally Above average 0.19 5.808° 0.00 

The ease with which the | Average -0.02 -0.716° 0.47 
suppliers can be 
contacted by phone Above average 0.02 0.716° 0.47 

Price/mbf Relative Price -0.09 -14.859 0.00 

Intercept 3.83 101.034 0.00 

R? 0.40 

Adjusted R? 0.39 

F Ratio 129.25° 0.00 

  

  

            
  

In the regression equation, only two levels were specified if the attribute had three levels, and one level was 
specified if the attribute had two levels. However, other level coefficient value and t ratio were determined by 

performing additional calculations. 
Statistically significant at a = 0.05 level 
Statistically insignificant at a = 0.05 level 
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Vijay S. Reddy 

with average service values and share estimates 

Chapter 4 

Hypothetical services used for testing the service Proposition 1 along 

  

Attribute level for each hypothetical service 
  

  

  

  

  

  

  

  

    

Attribute 
$1_1 $1_2 $1_3 

Reputation of the supplier Below A Above 
verage 

average average 

Ability to deliver lumber when Below A Above 
: verage 

promised average average 

Lumber availability Within four Within two Within one 

weeks weeks week 

Supplier's willingness to handle A Above Above 
. verage 

problems professionally average average 

The ease with which the suppliers Above Above 
Average 

can be contacted by phone average average 

Price/mbf Current Current Current 
market price | market price | market price 

Average value rating’ 1.69 4.80 5.20 

Percentage of respondents 09 39.3 59.8   preferring (share estimate)         

Calculated based on individual utility scores 
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Table 4.20 

average value ratings and share estimates 

Chapter 4 

Description of hypothetical services used to test the proposition 2 along with 

  

Attribute 
Quality level for each hypothetical service 
  

  

  

  

  

  

  

  

    preferring         

S$2_1 $2_2 $2_3 S$2_4 

Reputation of the supplier Above Above Above Above 

average average average average 

Ability to deliver lumber when Average Average Average Average 

promised 

Lumber availability Within two | Within two | Within two | Within two 

weeks weeks weeks weeks 

Supplier's willingness to handle Above Above Above Above 

problems professionally average average average average 

The ease with which the suppliers Above Above Above Above 
can be contacted by phone average average average average 

Price/mbf - relative to market price | $5 below Same $5 above | $10 above 

Average value rating’ 5.81 5.37 4.94 4.50 

Percentage of respondents 66.1 26.8 0.0 74     

' Based on individual utility scores 
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Table 4.21 Simulation results (share estimates) for services when attribute levels were 
changed, one at a time, from the lowest quality level to the highest quality 

  

  

  

  

  

  

  

  

  

  

  

  

        

level 

Attribute level % of Difference in 

Attribute changed respondents | preference 
(FROM...TO)' | preferred (%) 

Below average 13.4 
Reputation of the supplier 73.2 

Above average 86.6 

Ability to deliver lumber when Below average 16.1 67.8 

promised Average 83.9 

Within four weeks 8.0 
gs 84.0 

Lumber availability Within two weeks 92.0 

Supplier's willingness to handle Average 18.8 62.4 
problems professionally Above average 81.2 " 

The ease with which the suppliers |Average 48.6 28 
can be contacted by phone Above average 514 ‘ 

$10 above 10.7 
Price/mbf - relative to market price 78.6 

$5 below 89.3 
          

The levels of other attributes were kept constant while changing from the lowest quality level to the 
highest quality evel of one attribute. For example, while keeping quality levels of ability to deliver lumber 

when promised, lumber availability, supplier's willingness to handle problems professionally, and the 
ease with which the supplier can be contacted by phone, and price keeping constant, the quality levels 
for reputation of the supplier was changed from below average for one service package to above 
average for another service. The resulting share estimate for two services was 13,3 and 86.6 for two 
services. 
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Table 4.22 Simulation results for buyers’ price sensitivity to changes in service attribute 
levels 

Attribute’ Manipulated Price % of the Price % of the 
level diffe- | respondents | diffe- | respondents 

rence” preferred rence® | preferred® 

Above average 86.6 50.00 
0 11.50 

Below average 13.4 50.00 

i Average 76.8 50.89 Reputation of g 0 5.00 

the supplier Below average 23.2 49.11 

Above average 82.1 55.36 
0 5.50 

Average 17.9 44.64 

Ability to deliver | Above average 83.9 50.89 
lumber when 0 10.00 
promised‘ Below average 16.1 49.11 

Lumber Within two weeks 95.5 50.89 
tite 5 0 14.00 

availability Within four weeks 4.7 49.11 

Willingness to Above average 81.3 51.79 

handle problems 0 4.00 
professionally Average 18.7 48.21 

The ease of Above average 58.0 54.04 
contact by 0 0.50 

| phone Average 42.0 41.96                       

' Only the levels of one attribute were manipulated for each service while keeping the rest of service 
attributes the same between two services. 
Lumber price difference between the suppliers who differ in their service delivery process on a particular 
service attribute. 

Statistically insignificant at 0.05 significance level, i.e, null hypothesis that the proportion of respondents 
preferring each service is .50 is not rejected. 

Since there is no significant difference between the utility score of above average and average, the 
simulation results of above average vs. average, average vs. below average were not reported. 
Since there is no significant difference between the utility score of within one week and within two weeks, 
the simulation results of within one week vs. within two weeks and within one week vs. within four weeks 
were not reported. 
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Table 4.23 The effects coding scheme used to represent attributes other 
than price in the OLS regression analysis of total product value 
  

Attribute’ Attribute level Vector1 Vector2 
  

Accuracy of grading 

95% on-grade -1 -1 
  

97% on-grade 1 0 
  

99% on-grade 0 1 
  

Wane 

Maximum allowable wane -1 -1 
  

Pencil wane 1 
  

No wane 0 
  

Reputation of the 

supplier 

Below average -1 
  

Average 
  

Above average 
  

Lumber availability   Within four weeks 
  

Within two weeks 
    Within one week         

Price was coded according to the relative price used in each stimulus, i.e, -$5, $0, $5, or $10. 

Chapter 4 
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Table 4.24 Utility score for each attribute level based on the pooled utility function model of 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

total product value 

Attribute Level Utility | Standard t- Proba- 
(Feature) (Part- Error value® bility (p) 

worth)? (SE) 

95% on-grade -0.12 0.043 -2.674 <0.01 

Accuracy | 970, on-grade 0.32 0.057 | -5.742 0.00 
of grading 

99% on-grade 0.44 0.042 10.480 0.00 

Maximum allowable wane -1.01 0.086 | -11.754 0.00 

Wane Pencil wane -0.07 0.055 -1.208 <0.25 

No wane 1.08 0.091 11.811 0.00 

; Below average -0.61 0.058 | -10.470 0.00 
Reputation 

of the Average 0.23 0.051 4.540 0.00 

supplier 
Above average 0.38 0.048 7.800 0.00 

Within four weeks -0.63 0.077 -8.235 0.00 

Lumber | Within two weeks 0.16 0.055 | 2895 | <0.01 
availability 

Within one week 0.47 0.067 7.045 0.00 

$5 below the market price 0.57 

Same as the market price 0.00 
Price/mbf' 

$5 above the market price -0.57 

$10 above the market price -1.13 

intercept 5.39 0.113 47.908 0.00 

Adjusted R? 0.68 0.026               
  

‘Utility score for each price level was calculated by multiplying the relative price (i.e., -5, 0, 5, or 10) with regression 
coefficient value of -0.11. The price vector's SE was 0.011 and tvalue was -10.80 which is statistically significant 
(p = 0.00). 

?  Allare significant at 0.05 significance level, except the utility score of pencil wane. 

*  T-values were calculated before rounding-off the utility score and standard error . 
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Table 4.25 Tests of the hypothesis that estimated utility scores (U) for each level of an 
attribute are significantly differem from other levels of the same attribute 
  

  

  

  

  

  

  

  

  

  

              

Attribute* Null hypothesis t-value | Probability 

(P) 

Uns, on-grade = Yor on-grade 1.522! 0.13 

Accuracy of grading Ussee on-grade = Yoon, on-grade -4.019? 0.00 

User on-grade = Yorrs on-grade 4.798? 0.00 

Umax. wane = Upencii wane -7.203° 0.00 

Wane Umax. wane = Uno wane -13.793° 0.00 

Uno wane = Upencit wane 8.7247 0.00 

Unove average = Unverage 1.053! 0.29 

eolier ofthe Unrove average = Useiow average 7.177" 0.00 

Unverage = Upetow average 5.3037 0.00 

U, wook = U2 woots 1.993? 0.05 

Lumber availability U, weer = Us wooks 8.134° 0.00 

Up woots = Us woos 5.833" 0.00     

As price is a continuous variable and it is significant to the model, the various prices used in 

the study were not compared because the utility score difference between each price range 
increases and decreases linearly 

Unable to reject H, at a = 0.05 significance level 
Reject H, at a = 0.05 significance level 
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Table 4.26 Relative importance of attributes based on pooled 
estimated part-worths for total product value 

Importance Relative 

Attribute score importance 

(RF) (%)' 

Accuracy of grading 0.76 11.5 

Wane 2.08 31.4 

Reputation of the supplier 0.98 14.8 

Lumber availability 1.10 16.6 

Price 1.70 25.6           

' May not add to 100 due to rounding 

Table 4.27 

lumber quality and service quality 
Hypothetical lumber packs used to evaluate respondents’ reaction to 

  

Attribute Quality level of each attribute in each product 
  

P1 P2 
  

Accuracy of grading 99% on-grade 95% on-grade 
  

Wane No wane Maximum wane 
  

Reputation of the supplier Below average Above average 
  

Lumber availability Within four weeks Within one week 
  

Price Same as the market price Same as the market price 
    Average value ratings’   5.67   4.90     

1 Calculated based on individual utility scores 
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Table 4.28 Aggregate-level model estimated utilities based on regression coefficients 

Chapter 4 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                

Attribute Level Coefficient t-value Proba- 
value bility 

(part-worth) (Pp) 

95% on-grade -0.12 -1.806° 0.07 

Accuracy of 97% on-grade 0.32 -4,357" 0.00 
grading 

99% on-grade 0.44 5.8977 0.00 

Maximum allowable wane -1.01 -13.5467 0.00 

Wane Pencil wane -0.07 -1.044° 0.30 

No wane 1.08 14.437? 0.00 

Below average -0.61 -8.130° 0.00 

Reputation of the | average 0.23 3.102 0.00 
supplier 

Above average 0.38 5.899? 0.00 

Within four weeks -0.63 -9.936" 0.00 

Lumber availability | Within two weeks 0.16 2.142? 0.03 

Within one week 0.47 6.331? 0.00 

Price/mbf Relative Price -0.11 -13.292? 0.00 

Intercept 5.39 88.263° 0.00 

R? 0.30 

Adjusted R* 0.30 

F Ratio 69.987       

' In the regression equation, only two levels were specified if the attribute has three levels, and one level was 

specified if the attribute has two levels. However, other level's coefficient value and t-value were determined 

by doing additional computations. 

2 Statistically significant at a = 0.05 level 
9 Statistically insignificant at a = 0.05 level 
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Table 4.29 Simulation results of buyers’ price sensitivity to changes in lumber and service 

  

  

      

  

      

  

      

  

      

  

      

  

      

  

      

  

      

attribute levels 

Attribute’ Manipulated Price % of the Price % of the 

level diffe- respondents diffe- respondents 

rence* preferred rence? | preferred’ 

99% on-grade 80.1 52.7 Accuracy of -g 0 4.00 

grading 95% on-grade 19.9 47.3 

No wane 91.4 57.0 
0 15.50 

Maximum wane 8.6 43.0 

Pencil wane 82.3 51.6 
Wane 0 8.50 

Maximum wane 17.7 48.4 

No wane 86.6 51.6 
0 11.00 

Pencil wane 13.4 48.4 

Reputation of Above average 0 89.8 8.00 52.7 

the supplier | Below average 10.2 47.3 

Within one week 83.3 50.5 
- 0 6.50 

Within four weeks 16.7 49.5 

Lumber Within two weeks 74.2 54.3 
wats - 0 4.50 

availability Within four weeks 25.8 45.7 

Within one week 60.8 50.5 
— 0 3.00 

Within two weeks 39.2 49.5                 

' Only levels of one attribute were manipulated, one at a time, while keeping the rest of attributes’ levels 
the same between two products. 

preferring each lumber pack is .50 is not rejected. 

Lumber price difference between the two products which differ in the quality level of one attribute. 
Statistically insignificant at 0.05 significance level, i.e, null hypothesis that the proportion of respondents 

Since there is no significant difference between the utility score of 95% on-grade and 97% on-grade, the 

sensitivity results of 99% on-grade vs. 97% on-grade and 95% on-grade vs. 97% on-grade were not 
reported here. 

reputation and average reputation were not reported here. 

Since there is no significant difference between the utility score of above average reputation and average 
reputation, the sensitivity results of above average reputation vs. average reputation and below average 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

This chapter begins with a brief overview of the study. Following this, the major 

findings of the research and the contributions of the work are discussed. Limitations of the 

study are presented before concluding with directions for future research. 

5.1 STUDY OVERVIEW 

The concept of quality has been around for a long time. However, the importance of 

quality was realized by U.S. businesses when Japanese companies made major inroads into 

the U.S. market by providing superior quality products. At the first stage of the quality 

movement, conformance to requirements was the major concern. Unfortunately, this definition 

of quality does not, by itself, lead to business success. A product with "zero" defects does not 

necessarily please customers because a company may be conforming to the wrong 

specifications. This problem can be avoided by learning what customers want and producing 

products to customer specifications. However, this by itself, may not lead to the success of the 

company as customers make purchase decisions based on value, rather than strictly on quality. 

In recent years, the value-based quality approach has gained momentum and 

acceptance. According to this view, quality is perceived in relation to price. Studies indicate 

that companies that score consistently high on value (quality for the price) attain higher market 

share than those that rank high on quality or price alone. Even the criteria for the Malcolm 

Baldrige National Quality Award require that companies focus on market-perceived quality and 

value. 

Therefore, to be successful, a company should become market-oriented by 

understanding the requirements of the market (present and prospective customers) and 
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providing the product that delivers value to its customers. If businesses learn how customers 

weigh each attribute of a product in formulating value perceptions and understand how 

customers trade-off between the bundle of benefits (quality attributes) and cost of the product, 

they can design strategies to better serve their customers. 

A changing raw material base, increased global competition, and enhanced awareness 

of the importance of quality to business success are forcing softwood lumber manufacturers to 

provide quality products. The current grading rules of softwood lumber, which are based on 

structural properties, provide a bench-mark for object quality. Since the majority of treated 

lumber is put into outdoor use, the wood preserving industry gives importance to the 

“aesthetics® of lumber in addition to usual structural properties. Therefore, lumber supplied 

according to the specifications of current grading rules may not fulfill the quality requirements of 

treaters. Softwood lumber buyers at treating plants in the U.S. were surveyed to leam what 

characteristics of lumber and service create value and how treaters trade-off these 

characteristics with price to realize the best value from the obtained products. 

The primary objectives of this study were to explore the dynamic processes underlying 

treaters' value perceptions and to develop a model to estimate lumber value, service value, and 

total product value. 

Conjoint analyses methods allow the indirect derivation of the importance customers 

place on each attribute while making overall product evaluations. This method captures 

customer trade-offs between product benefits and cost. Surveys based on conjoint analysis 

designs have become the most effective approach for determining the value consumers assign 

to various goods and services (Wind 1989). 

In this study, conjoint analysis technique was used to capture treaters trade-offs 

between quality attributes and price. Five intrinsic lumber attributes and five service attributes 
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were hypothesized to influence treaters' lumber and service value perceptions, respectively. 

These attributes were selected based on their importance to overall quality of softwood lumber. 

Using the data obtained from treaters in the U.S. through a mail survey, the relative importance 

of each attribute to lumber value, service value, and total product value perceptions was 

modeled in three separate steps. The attributes for the total product value estimation were 

chosen based on the results of lumber value and service value analyses. In the following 

section, the major findings of these three steps will be discussed. 

5.2 DISCUSSION OF FINDINGS 

This section commences with the discussion of the important results obtained in the 

softwood lumber value analysis. The main results of service value analysis are reviewed before 

concluding the section with the summarized results of total product value. 

5.2.1 Lumber Value 

This portion of the study sought to determine how treaters trade-off various lumber 

attributes against price to realize the best value. Five intrinsic lumber attributes were studied. 

These attributes were chosen based on the results obtained by Hansen (1994) and personal 

interviews with treaters. Levels for each attribute were determined by following the general 

guidelines of grading rules and discussing with several treaters. 

Using conjoint analysis, the impact of each attribute level was estimated in terms of 

utility score. The perceived value of any lumber pack can be estimated by utilizing the lumber 

value model developed in Section 4.5.3.1. The estimated utility scores of attribute levels can be 

substituted in the model to derive the perceived value of a lumber pack. This model satisfies 

the first objective of the study. 

203



Vijay S. Reddy Chapter 5 

Wane emerged as the most important attribute in value determination. Buyers at 

treating firms perceive that lumber without wane will provide the best value, even if they have to 

forego lower prices to obtain wane free lumber. Given the market conditions prevailing at the 

time of the data collection’, treaters are willing to pay $15.00 more per mbf to obtain wane-free 

lumber instead of lumber with maximum allowable (according to grading rules) wane in 50% of 

the pieces in a lumber pack. 

Once the wane requirement is satisfied, buyers look for lower priced lumber because 

price was considered to be the second most important attribute. This does not necessarily 

mean that treaters would rather buy lower priced lumber that has lower quality levels (in terms 

of other intrinsic lumber attributes). They are certainly willing to undergo monetary sacrifice to 

obtain a higher quality level in terms of other attributes such as accuracy of grading, damage to 

lumber pack, and lumber straightness. However, the magnitude of monetary sacrifice treaters 

are willing to undergo is far less than they are willing to undergo to obtain wane free lumber. 

Although respondents considered accuracy of grading as the second most important 

intrinsic_ lumber attribute (third overall), they are willing to pay a maximum of $6.00 more per 

mbf to obtain a 99% on-grade lumber pack instead of a 95% on-grade lumber pack. Many 

respondents were content with obtaining a lumber pack with 95% on-grade lumber versus 

obtaining a lumber pack with 99% on-grade lumber at a higher price. Therefore, lumber 

suppliers should at least maintain the accuracy of grading as specified in the grading rules. By 

improving the accuracy of grading past the 95% on-grade point, suppliers may not obtain a 

price premium that is cost effective. Nonetheless, by supplying higher quality lumber (i.e., more 

than 95% on-grade material), suppliers can create a better image of their company. 

  

} Data were collected between April 1994 and July 1994. Please see Section 4.3 for the information about the prevailing 

market conditions for softwood lumber. 
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Respondents valued damage to lumber pack as the most important attribute after wane, 

price, and accuracy of grading. The are willing to sacrifice $7.00 per mbf to obtain a lumber 

pack with no forklift damage versus a lumber pack with minor forklift damage. They are also 

willing to give up $6.00 per mbf to obtain a lumber pack with no warp instead of a lumber pack 

where 10 percent of the pieces have maximum allowable warp (based on the grading rules). 

Treaters are least concerned with the moisture content of lumber as long as the average 

moisture content remains between 19% and 25%. Since treaters can treat lumber with up to 

25% moisture content, they are unwilling to sacrifice lower prices to obtain lumber with a 

moisture content of 19%. 

When asked directly to indicate the one characteristic of softwood lumber quality with 

which their company is least satisfied, the most common answer (48 percent of respondents) 

was wane. The next most common answer (18.7 percent of respondents) was accuracy of 

grading. The characteristic accuracy of moisture content was the next most common answer 

(12 percent of respondents). Figure 5.1 reports the percentage of respondents least satisfied 

with each of the softwood lumber quality attributes. A total of 13.3 percent of the respondents 

reported that they are satisfied with all softwood lumber characteristics. 

Moisture content was considered as the least important in the conjoint analysis. 

However, when asked directly, 12 percent of the respondents indicated that they are least 

satisfied with this softwood lumber quality characteristic. This implies that when moisture 

content was less than 25%, this characteristic is unimportant, but this characteristic may 

become important if the moisture content exceeds 25%. This may be the reason for 12 percent 

of the respondents to report accuracy of moisture content as the one softwood lumber quality 

characteristic with which their company is least satisfied . 

205



Vijay S. Reddy Chapter 5 

Since most of the treaters are least satisfied with wane, and wane has the most 

influence on treaters' value perceptions, a gap exists between what buyers want and what they 

are receiving. In addition, a certain proportion of the respondents were least satisfied with 

accuracy of grading, and in the trade-off analysis accuracy of grading emerged as the second 

most important intrinsic lumber attribute. Clearly, an opportunity is available for softwood 

lumber suppliers who want to improve the value of their lumber. This can best be achieved by 

providing lumber that is wane free and at least 95% on-grade. 

Clearly, customers place a premium on the ability to receive wane free lumber from a 

supplier. Judging from the results, if suppliers compete for the treating market by pricing lumber 

low, their strategy may not pay-off. In addition, providing lumber that is graded only on 

structural properties of lumber may not be effective in satisfying treaters' needs, as they give 

importance to ‘appearance’ as well as structural properties. Suppliers who can grade lumber 

specifically to meet the needs of treaters may be in a better position to create long-term 

relationships with their customers. If suppliers provide wane free lumber to their buyers, they 

will be able to charge more while increasing the satisfaction level of their customers. However, 

suppliers should not increase the quality level of lumber with the sole purpose of obtaining a 

premium price. By keeping the price of lumber at the current market while increasing the 

quality levels of intrinsic lumber attributes (specifically wane and accuracy of grading), suppliers 

can increase the overall value of their lumber. This increased overall lumber value will provide 

a stepping stone in enhancing the company image in the minds of treaters and creating a long- 

term relationship. 
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5.2.2 Service value 

Using conjoint measurement, the effect of various service attributes and price on 

perceived service value was estimated. By substituting the estimated utility scores for service 

attribute levels in Equation 4.9 (see Section 4.6.2.1 for details), the perceived service value can 

be calculated. This model (j.e., Equation 4.9) satisfies the second objective of the study. 

In the determination of service value, price was found to play the most important role. 

Among the five service attributes, respondents judged /umber availability as the most important 

to the service value (second overall). Perceived service value increased when lumber is 

available within one or two weeks rather than within four weeks. Treaters are willing to pay $14 

more per mbf to obtain lumber within one or two weeks of placing an order. 

The second most important service attribute was reputation of the supplier. 

Respondents valued the services of above average reputation supplier more than the services 

of average or below average reputation supplier. Buyers are willing to undergo a monetary 

sacrifice of $11.50 per mbf to obtain lumber from a supplier with an above average reputation 

as compared to lumber from a supplier with a below average reputation. Respondents also 

judged the supplier's ability to deliver lumber when promised as important. lf the supplier has 

an above average ability, instead of below average ability, in delivering lumber when promised, 

respondents are willing to forego $10 more per thousand board feet lumber. Treaters are 

concerned about these three service attributes without giving much importance to supplier's 

ability to handle problems professionally and the ease with which the supplier can be contacted 

by phone. These results are consistent with the results obtained in other service quality 

investigations (Gordon, Calantone, and Benedetto 1993; Farahbod and Logan 1991). 

One interesting phenomenon that was observed in the service value analysis is that 

treaters penalize suppliers who provide a lower quality service more than they reward suppliers 
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who provide a higher quality service. In other words, buyers' perceptions of value did not 

increase significantly when the service quality was improved from the average quality level to 

the highest quality level. However, respondents’ perceptions of service value decreased 

significantly when service quality decreased from the average quality level to below average 

quality level. This phenomenon can be explained through prospect theory (Kahneman and 

Tversky 1979, Thaler 1985), where gains and losses have different effects. The results 

obtained by DeSarbo et al (1994), Narsimhan and Sen (1992), Oliver and DeSarbo (1988) 

showed that negative information (lower quality) is more powerful than positive information 

(higher quality) in forming consumers’ judgements of quality. 

Therefore, suppliers should at least provide an average quality service to their 

customers. In general, they should seek an average or above average reputation and 

whenever possible they should make the lumber available within two weeks of receiving an 

order. In addition, suppliers should maintain an average ability to deliver lumber when promised 

to increase the perceived service value. 

Respondents were queried directly to indicate the one service characteristic with which 

their company is least satisfied when purchasing softwood lumber. Figure 5.2 provides the 

percentage of respondents least satisfied with each service attribute. The largest proportion of 

treaters were least satisfied with umber availability (32%). After lumber availability, 

respondents were least satisfied with a supplier's ability to deliver lumber when promised 

(28.7%). Only 2 percent of the respondents reported that they are least satisfied with the 

reputation of the supplier. However, 20.7 percent of the respondents were satisfied with all 

service characteristics. These results indicate that a substantial amount of respondents are 

dissatisfied with the current services. Since these respondents are unsatisfied with /umber 

availability and ability to deliver lumber when promised and both of these attributes placed in 
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the top three important attributes in the determination of service value, suppliers can create 

better value by meeting the expected service quality levels of these two attributes. 

5.2.3 Total Product Value 

While evaluating an offering of a company, buyers evaluate both physical product 

quality and the associated services (Kyj 1987). Therefore, it is unwise to concentrate only on 

physical product quality. Particularly in industrial marketing, service offerings of a company 

make a significant impact on winning or losing a customer account (Shycon 1992). In this 

business environment, the relationships between a supplier and buyer last longer because 

buyers are inclined to purchase the product from the same supplier as long as the supplier 

provides quality products at a reasonable price. Hence, developing a relationship marketing 

strategy with a goal of maintaining a long-term relationship is important in industrial markets. 

With this in mind, both lumber attributes and service attributes were combined to develop a total 

product value model (see Section 4.7.2 for details) which fulfills the requirements of objective 

three of the study. This model can be used by softwood lumber suppliers to provide better 

overall value to treaters. 

Among all lumber and service attributes, Wane emerged as the most important attribute 

in influencing treaters' perceived value. One respondent simply stated "we prefer wane free 

lumber." This comment provides an idea of why wane emerged as the most important attribute 

in the trade-off analysis. Respondents considered wane to be twice as important as any service 

attribute. Again, respondents expressed that they are willing to forego lower prices to obtain 

wane free lumber. Simply, they are willing to pay $15.50 more per thousand board feet to 

obtain lumber without wane versus of lumber with maximum allowable wane. 
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In terms of lumber quality attributes, accuracy of grading was not considered as 

important as wane. Instead, respondents gave more importance to service attributes than to 

accuracy of grading. This is an evidence of the role service can play in enhancing the value of 

a product. One respondent commented “quality is the most important factor to us with regards 

to the product and service. A desirable product can have a little less desirable service... ° 

Thus, companies must market their ability to provide wane free lumber, ability to make lumber 

available within one or two weeks and average or above reputation. 

As in the service value evaluation, buyers were more sensitive to lower quality service 

than to higher quality service. In other words, they are willing to forego lower prices to obtain 

average quality service instead of lower quality service, but not willing to undergo the same 

monetary sacrifice to obtain higher quality service instead of average quality service. Treaters 

again considered the availability of lumber as more important than reputation of the supplier. 

As shown by the results of the service value analysis, the difference between the relative 

importance of these two attributes is not large. 

By giving the highest importance to wane while rating perceived value, respondents 

indicated that they are more sensitive to the lower quality level of wane than to the lower quality 

level of any other attribute in the model. By giving more importance to wane than price, 

respondents indicated that they are willing to undergo monetary sacrifice to obtain a better 

quality level of wane (i.e., no wane). Respondents gave less importance to the two service 

attributes and accuracy of grading than to price, indicating an asymmetry in the price quality 

trade-off. Therefore, they weigh the magnitude of both price and the quality levels of these 

attributes in their value judgements, rather than making value judgements based entirely on the 

level of quality. For example, for a 5 percent increase in price from the market price, 
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respondents demand a greater than 5 percent increase in the quality level of /umber availability, 

reputation of the supplier, and accuracy of grading. 

As softwood lumber is a commodity product, services may play a major role in a buyer's 

purchase decision. Thus, it is pointless to try to extract the service portion from the product 

offering. Few can dispute that, regardless of whether services or products are being marketed, 

the winner will most often be the company that offers the most value to the customer. Overall, 

this study showed that there is a strong relationship between the buyer's perceived value and 

the undertying attributes that can be manipulated by suppliers. This study also provides the 

basis for creating better lumber value, service value, and overall product value. The 

recommendations provided to increase the perceptions of value in Section 5.2.1, Section 5.2.2, 

and this section should fulfill the requirements of the fourth objective in this study. 

5.3 IMPLICATIONS 

Profit making is one of the tenets of the marketing concept (Gordon, Calanone, and 

Benedetto 1993). The industrial buyers’ goal is also profitability. Therefore, to satisfy an 

industrial customers needs and wants, softwood lumber suppliers must provide products that 

create value to their customers. The buyer's decision to adopt a product or service will be 

based on the perception that the benefits derived are worth more than the cost (Day & Wensley 

1988). Therefore, this study was undertaken using a value-based approach to quality. 

The value-based approach is appropriate for any market-oriented firm. While cost 

provides the base for setting the price, it is the expected value of the product which should 

determine the product's price. Firms should not assume that their market share can be 

expanded by providing superior quality product at a price that was set based on “cost plus" 

approach (Wind 1990). It doesn't matter how well the product is delivered, in terms of quality, it 
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will not find enough buyers if they consider the value of the product to be unattractive. The 

method used in this study shows which attributes are important and the monetary sacrifice 

buyers are willing to make to obtain better product value. Companies that utilize the information 

derived in this study will succeed in the current environment where customers buy products 

based more on value than on any other criterion. 

In general, respondents appraise most attributes as equally important to overall quality 

or value when asked to state their attribute preferences directly. For example, Hansen (1994) 

shows that when asked directly to rate the importance of many attributes to overall product 

quality, treaters judged the importance of each attributes approximately the same. However, 

though the use of a trade-off approach, this study showed that respondents, in reality, weigh 

each attribute differently when they are required to pay for quality. This study provided an 

estimate of each attribute's importance in value determination and the utility of each attribute 

level in the formation of value. Knowledge of the relative importance of attributes and their 

levels will help softwood lumber suppliers in making production and marketing decisions. 

This study provided data that can be used to estimate the value of any combination of 

product and service levels. It provides guidelines for managers conceming where to channel 

the company resources to improve quality. In other words, this research showed that certain 

attributes are important to the value of a lumber or service or both and a company that seeks to 

provide value to their customers should expend their resources to improve the quality levels of 

these most important attributes. 

Overall, wane played a major role in the determination of a product value. This is true 

for both lumber value and total product value determination. Several respondents commented 

on this issue. One respondent commented “one of the most important facets of the treated 

wood supply is getting mills to cut an ‘appearance’ product. . . . aesthetics have become 
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critical.". Another respondent commented that a new grading rule should be adopted for decking 

size lumber, e.g., 2 xX 4 and 2 x 6. One respondent showed his frustration with the grading 

rules by commenting "when will mills begin to support a 'treaters/appearance' grade ... The 

problem most treaters face is we are selling an appearance grade product, sold on a light 

framing rule. We are less concerned with stress rating and much more concerned with how it 

looks." Another respondent commented "we do not regularly buy from mills who test the limit 

on allowed wane. The #2 wane allowance is much too high for treated products." All of these 

comments reveal the nature of current grading rules and how they may not fulfill the important 

needs of treaters. 

During the personal interviews with the treaters it was realized that treaters are willing 

to pay more to suppliers who deliver lumber without wane. The results of this research 

confirmed this earlier finding. In addition, the findings of this research showed how much 

treaters are willing to pay per thousand board feet of lumber for the better quality level before 

becoming indifferent to two different quality levels. The findings of this study also show that 

suppliers who cater to the needs of the treating market will succeed in both the short- and long- 

term by gaining market share and becoming profitable. 

In order to truly become customer-oriented or market-driven, periodic assessments of 

the value provided by a firm's product offerings in a given customer application are essential 

(Anderson, Jain, and Chintagunta 1993). Any softwood lumber company can utilize the results 

of this study to make periodic assessments of its product value. The relative importance scores 

estimated in this study can be used by any company to perform value-analysis (Gale 1994) of 

its products. Table 5.1 provides an example of a company's lumber value-analysis. With 

exception of the weights (relative importance), which were obtained in the trade-off analysis of 

lumber value, the data shown in Table 5.1 are hypothetical. 
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After obtaining the weight (relative importance) for the each important attribute through 

trade-off analysis, a company should acquire a performance score for each attribute by 

surveying its customers and competitors' customers. These figures appear in columns three 

and four of Table 5.1. From this information, customer satisfaction scores can be calculated for 

the company and average competitor. This score can be obtained by multiplying the 

performance score (rating) for each key attribute by the estimated relative importance of that 

attribute and dividing by one hundred. This satisfaction score appears in the customer 

satisfaction row under the ratings of the company and the average competitor in the industry. 

By itself, the customer satisfaction score is not meaningful. However, the ratio scores 

are meaningful indicators because they take competitors performance into account. The ratio 

column in Table 5.1 shows ratios between ratings given for the company and the average 

competitor. 

Moreover, one can calculate an overall market-perceived value score for the company 

versus the remainder of the industry. The numbers in column six can be obtained by 

multiplying ratio scores and attribute weights. Adding these numbers together and dividing by 

100, the company can get a market-perceived value ratio for its lumber. In this example, the 

score is 1.06, which suggest that the company's market-perceived lumber value rating is 6 

percent higher than its average competitor. By comparing column 6 scores with column 2 

weights, one can determine why the company is ahead in providing value to its customers. In 

this example, 8.8 percent comes from wane and 2.6 percent comes from accuracy of grading. 

As the company's performance is lower than competitors on moisture content (1.9 percent) and 

price (2.8), the overall lead of the company was only 6 percent. Although this hypothetical 

company's performance on moisture content was worse than the average competitors and price 
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is higher than the competitors, its market-perceived value ratio is still higher than the average 

competitors due to company's good performance on the most important attributes. 

This information can be utilized to take either corrective measures or further 

improvement measures to enhance the company's product value. The advantage of this 

approach is that it also provides diagnostic insights into the strengths and weakness of the 

product in relation to competing products. 

The higher the perceived value of a total product and its positioning, the higher the 

likelihood of buyer loyalty and increased identity for the company in the market place. 

Management should recognize that it is the buyers perception of value that counts, not its own 

perceptions. Given this recognition, the proposed method will allow the estimation of 

customers’ (be it industrial or final customers) values for any product, and the results of this 

study will enhance any softwood lumber business's ability to achieve its short- and long-term 

profit and share objectives. 

The following conclusions can be drawn from the analysis: 

1. Perceptions of lumber, service, or total product value can be modeled using conjoint 

methods. 

2. There is a general agreement on what constitutes a high value softwood lumber product. 

While some differences exist, buyers were generally consistent in their value evaluations. 

This would imply that in communicating the value of its product, a supplier company need 

not concern itself about distortions in value perceptions among prospective buyers of 

softwood lumber for treating. 

3. There is a strong association between many attributes and respondents’ value 

perceptions. This has implications for suppliers in providing lumber and services to 
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treaters. In other words, suppliers can manipulate the quality levels of attributes to 

influence the value perceptions of treaters. 

4. Lumber quality was considered more important than service quality in enhancing a 

product's value. However, the findings of this research show that buyers are willing to 

pay a reasonable price for the value added by services. 

5. This study determined the specific lumber and service attributes that can improve the 

value of a company's lumber and service offerings. Using this information, a company 

can formulate a marketing program that emphasize these attributes while containing the 

cost of attributes to which the treaters are indifferent. 

6. Treaters have a low tolerance for the lower quality levels of wane. Therefore, supplying 

wane free lumber could be a good marketing strategy not only in terms of obtaining 

premium prices but also in terms of product positioning. 

7. Using the estimated utility scores, share estimates of any product (that has any 

combination of attribute level) can be obtained. 

8. Since the utility scores of attribute levels are additive, one can conduct “what if’ analyses 

by manipulating attribute levels in a hypothetical product. By examining the costs and 

utility score of each attribute level, a balance can be reached that maximizes the total 

perceived value within the cost parameters. 

9. The current structural grades for softwood lumber products may not adequately address 

the appearance demands of treaters. Companies that take the lead in addressing the 

lumber appearance needs of treaters (for example, providing wane free lumber) could 

benefit from increased demand, higher product value, and improved customer satisfaction. 

If a company provides consistent quality lumber with high appearance lumber, it can 

create a brand name for its lumber. In addition, by placing preferred products in the 
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market, the company can command a premium price. In doing so, if the firm provides at 

least average quality service, it can add value to its offerings. 

10. The findings of this study should provide a considerable advantage over the findings of 

other studies that use a traditional direct approach to measuring perceptions of quality 

and value. 

5.4 LIMITATIONS 

As with most research, this study is subject to certain limitations. Conjoint analysis is a 

unique method for predicting customers’ preferences among multattribute product altematives. 

However, one should always realize that customer decision-making is a complex process and is 

sometimes difficult to measure accurately even when using conjoint measurement methods. 

The present study is limited in its scope due to the use of a limited number of attributes 

and levels. Customers generally make purchase decisions based on a limited number of 

important attributes, and the influence of price on value perceptions vary inversely with the 

availability of information about intrinsic attributes. However, the availability of information about 

some key attributes has more value to buyers than many intrinsic attributes. Although 

employing a limited number of attributes may be a limitation, this limitation can be overcome by 

including the key attributes. Reibstein, Bateson, and Boulding (1988) found that if key attributes 

are included in a study, the inclusion or exclusion of other attributes will have minimal bearing 

on the results. It is hoped that the preliminary steps taken to select attributes for the study 

resulted in including all the most important attributes, thus reducing the effect of using a limited 

number of attributes in the study. 

The quality levels for each attribute available in the market place may be more than the 

levels specified in the study. To reduce the number of profiles subjects are required to 
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evaluate, a limited number of attribute levels were used in this study. Thus, the results of this 

study are useful only when the quality levels in the market place remain within the range of 

quality levels used for each attribute in this study. However, Reibstein, Bateson, and Boulding 

(1988) found that having fewer levels for each attribute which leads to fewer number of profile 

estimation (i.e., the minimum number of orthogonal profiles respondents are required to rate to 

obtain utility scores) make no difference in the conjoint process. 

Another limitation of this study is that main-effect designs may not be sufficient to truly 

capture value perceptions. More complicated conjoint designs involving higher order 

interactions may have to be employed, increasing the information burden on respondents. Past 

research indicates that the quality of the obtained data will be higher if a simple method is used 

and the advantages of a simple design should compensate for the loss of any information due 

to not employing higher order interactions (Reibstein, Bateson, and Boulding 1988). 

Reibstein, Bateson, and Boulding (1988), in general, concluded that the conjoint method 

is reliable under a variety of methods of data collection and across a number of products 

categories. Therefore, even with the limitations specified above, the results of this study should 

be reliable and applicable to the industry. 

Situational factors such as market demand and time of the year can change the 

preferences of treaters for lumber and service attributes and price. This study did not account 

for the situational factors. The results related to price should be used cautiously. Data for this 

study were gathered between April 1994 and July 1994. Therefore, the results related to price 

should hold only when the market conditions are similar to the conditions prevailing during the 

data collection. 

The results of this study are based on softwood lumber and its associated services. 

Since this study was focused on softwood lumber, these results may not be applicable to other 
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softwood products such as boards and timbers. In addition, the study utilized only treaters as 

subjects, thus, these results can not be generalized to other segments of softwood lumber 

buyers. 

5.5 FUTURE RESEARCH 

Since the full-profile method of conjoint analysis used in the study works well when 

there are only a few attributes in the model, future studies should use bridging designs (Bretton- 

Clark 1992) to accommodate more lumber and service attribute levels in the model. In addition, 

hybrid conjoint models (Green 1984) should be employed in future studies to handle the 

problems of large numbers of attributes. In the context of handling large number of attributes, 

future studies could also use hierarchical conjoint analysis (Louviere and Timmerman 1992). 

In this study, end use of the lumber was not defined while collecting data. The obtained 

results can be broadly applied to the lumber that is used for several purposes. However, 

depending upon the end use, the relative importance of each attribute in the value evaluation 

may differ. Although treaters may not know precisely the end use of lumber, they can judge the 

end use based on their customer base and the historic demand for each lumber grade. 

Therefore, future studies should define the end use of the product before obtaining the data. 

For example, if the lumber is used in the outdoor furniture sector, relative importance of wane 

may be even greater than what was obtained in this study. 

In addition, similar studies should be undertaken to learn how costumers of treated 

lumbers (Do-It-Yourself and professional repair and remodelers) trade-off between quality 

attributes and price. Future studies should also investigate other segments of the softwood 

lumber market such as home centers and truss manufacturers, to understand how treaters differ 

from these segments in terms of perceived value. 
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Table 5.1 Market-perceived lumber value analysis of a hypothetical company 

Customer value profile: Our Product vs. Competitors 

Performance scores 

Attribute Weight | o, average | Patio | timas ratio 
(1) (2) company | competitor (5) = 3/4 (6)=2x5 

(3) (4) 

Accuracy of grading 12.6 8.1 7.2 1.1 14.2 

Wane 29.4 9.5 7.3 1.3 38.2 

Moisture content 6.5 6.5 9.2 0.7 4.6 

Lumber straightness 10.7 8.0 8.0 1.0 10.7 

Damage to lumber pack 12.5 8.0 8.0 1.0 12.5 

Price 28.3 8.5 9.4 0.9 25.5 

Total 100 

Customer satisfaction score: 8.5 8.2 

Market-perceived value ratio: 1.06         

Source: Gale (1994) 
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APPENDIX A: Lumber and Service Value 

Prenotification Postcard, Cover Letters, Questionnaire, and Follow-up Postcards 
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PRENOTIFICATION CARD 

Dear Softwood Lumber Buyer: 

In a few weeks we will be contacting you to request your participation in a study of 
softwood lumber quality and price. The results of this study will help softwood lumber suppliers 

provide treaters with better quality lumber and services. 

Please complete and retum the document when you receive it. Your reply is essential to the 

accuracy of the study and to the completion of my graduate degree. If you have any questions, 

please call me at (703) 231-5876. 

Thank you, in advance, for your help. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 

239



irginia 
V iT] Tech . ; _ Center for Forest Products Marketing 

Sos oe 

VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 

AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 
Phone: (703) 231-5876 Fax: (703) 231-8868 

COVER LETTER 1 

April 3, 1994 

Mr. Roy Chancery, Manager 

Louisiana-Pacific Corp. 

P.O. Box 726 
Evergreen, AL 36401 

Dear Mr. Chancery: 

United States industries are paying increasing attention to the quality of goods and services 
they provide their customers. Concentrating on quality can pay dividends to both suppliers and 
customers. However, softwood lumber suppliers may not always understand the quality needs 
of their customers. | am writing to ask for your help in solving this problem. By completing the 
enclosed questionnaire, you will be providing information that will allow softwood lumber 

suppliers to better meet your quality needs. 

It is important that the questionnaire be completed and returned by the softwood lumber buyer 
in your company. If you are not responsible for buying softwood lumber, please give the 

questionnaire to the appropriate person. 

Your help is essential to the success of this study and the completion of my graduate degree 
at Virginia Tech. You may be assured of complete confidentiality. The questionnaire has an 
identification number for mailing purposes only. This will allow me to remove your name from 

the mailing list when your questionnaire is received. No individuals or companies will be 
mentioned in the study results. 

Questions four and five in the questionnaire may appear complex. However, you will find that 
after completing one section, the others can be completed quite rapidly. | have highlighted the 

important information in each section to make it easy for you to answer these questions. 

| would be please to provide you with a summary of the research results. To obtain a copy, 
please write your address on the last page of the questionnaire or attach your business card. | 

would also be most happy to answer any questions you have. Please call me at (703) 231- 

5876 or fax (703) 231-8868. 

Thank you, in advance, for your assistance. 

Sincerely, 

Vijay S. Reddy 
Graduate Student 

P.S: | Please accept the enclosed dollar bill as a small token of my appreciation for your help. 
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FIRST FOLLOW-UP POSTCARD 

Dear Softwood Lumber Buyer: 

Recently a questionnaire seeking your opinions on softwood lumber quality was mailed to you 
from Virginia Tech. If you have already completed and returned the questionnaire, please 

accept my sincere thanks. If not, | urge you to complete and retum it today. It is extremely 

important that your opinions are heard if the results are to accurately represent treaters' 
concems. 

If you did not receive the questionnaire, or if it is misplaced, please call me (703) 231-5876 or 

fax (703) 231-8868. | will send you another copy immediately. 

Thank you, in advance, for your help. 

Sincerely, 

Vijay S. Reddy 
Graduate Student 
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Virginia 
, ti 
MlTech  =—§-_«——_| enter for Forest Products Marketing 
ee VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 

AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 
Phone: (703) 231-5876 Fax: (703) 231-8868 

FOLLOW-UP COVER LETTER 

April 23, 1994 

Mr. Sam "Cat" Littlefiled 

President 

Big Tree Lumber 

P.O. Box 17 

Pacific Grove, CA 93950 

Dear Mr. Littlefiled: 

Recently | wrote to you seeking your opinion about softwood lumber quality and value. 
As of today, | have not received your completed questionnaire. 

This research has been undertaken to learn how treaters view softwood lumber and 
supplies’ service quality. Your response is crucial to the success of this study and 
completion of my graduate degree. By completing the questionnaire, you will be 

providing information that will allow softwood lumber suppliers to better meet your needs. 

In order for the results to truly representative of the opinions of softwood lumber treaters, 
| must receive your response. As mentioned in the last letter, the questionnaire should 

be completed by the softwood lumber buyers in your company. The number on the 
questionnaire is for administrative purpose only. It will allow me to remove your name 

from the mailing list upon receiving your response. The information you provide will be 
held in strict confidence. No individual or companies will be mentioned in the study 
results. 

Another questionnaire is enclosed in case the original has been misplaced. Jf you have 
any questions, please contact me at (703) 231-5876 or fax (703) 231-8868. 

Your help is greatly appreciated. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 

P.S: If you have completed the previously sent questionnaire and mailed it recently, 

please ignore this questionnaire. 
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SECOND FOLLOW-UP POSTCARD 

Dear Softwood Lumber Buyer: 

Recently a questionnaire seeking your opinions on softwood lumber quality was mailed to you 

from Virginia Tech. If you have already completed and retumed the questionnaire, please 
accept my sincere thanks. If not, | urge you to complete and retum it today. It is extremely 

important that your opinions are heard if the results are to accurately represent treaters' 

concems. 

If you did not receive the questionnaire, or if it is misplaced, please call me (703) 231-5876 or 

fax (703) 231=8868. | will send you another copy immediately. 

Thank you, in advance, for your help. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 
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Virginia 
| Tech Center for Forest Products Marketing 

SH VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 
AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 

Phone: (703) 231-5876 Fax: (703) 231-8868 

THANK YOU LETTER 

May 9, 1994 

Mr. Robert Hixson 

President 

Hixson Lumber Sales, Inc. 

109 Nebraska 

P.O. Box 6636 

Pine Bluff, AR 71611 

Dear Mr. Hixson: 

Thank you for helping with my study of wood products quality in the treating 
industry. | have received the questionnaire you completed recently and greatly 

appreciate your time and effort. The information you provided will help to make my 
study more accurate and meaningful. 

| am presently analyzing the data provided by respondents. If you indicated 

that you wished to receive a copy of the results, | will send one as soon as | 
complete the data analysis. 

Meanwhile, If you have any questions or need more information about this 

study, please feel free to contact me at (703) 231-5876. Again, please accept my 
sincere thanks for your timely help. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 
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Study of Softwood Lumber Quality and Value 
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Photo Courtesy of Southern Forest Products Association 

Center for Forest Products Marketing 
Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061-0503 

If you have questions, please call Vijay S. Reddy 
Phone: (703) 231-5876 
Fax: (703) 231-8868 
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This survey asks about your preferences for softwood lumber. The information will help softwood 
lumber suppliers provide treaters with better quality lumber and services. If you are not 

responsible for buying softwood lumber for pressure treating, please give this questionnaire to the 

appropriate person at your company. Please note that all responses are strictly confidential. 

Thank youl 

  

1. Does your company purchase softwood lumber for pressure treating? 

O 

O 

No i Please fold, tape, and retum the questionnaire. Postage Is prepaid. 

Yes SZ Please continue with the next question. 

2. Please indicate the one characteristic of softwood lumber quality with which your company is LEAST 

Satisfied. (Please check one box) 

O
o
a
d
d
 Accuracy of grading a) Lumber straightness 

Wane O Accuracy of moisture content 

Damage to lumber packages O Other (Please specify) 

Our company Is satisfied with all lumber quality characteristics 

Piease indicate the one service characteristic with which your company is LEAST satisfied when 

purchasing softwood lumber. (Please check one box) 

O
o
O
o
a
 da On-time delivery C Reputation of the supplier 

Product availability CO Handling (resolving) of problems by suppliers 

The ease with which supplier can be contacted by phone 

Other (Please specify) 
  

Our company Is satisfied with all service characteristics. 
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4. The following question asks you to rate the value (i.6., quality for the price) of several hypothetical 

packages of lumber. Please assume that the lumber package differs only on the listed 

characteristics, and all other characteristics remain the same. (Please circle the number that best 

represents the value of each lumber package) 

  

Package Description Poor Excellent 
Value Value 

  

12 3 45 6 7 

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 25% or less moisture content (MC). 

All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- Same as the current market price per mbf. 
  

12 3 45 6 7 

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 25% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has minor forklift damage. 

Price -- $5 below the current market price per mbf. 
  

12 3 45 6 7 

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has minor forklift damage. 

Price -- $5 above the current market price per mbf. 
  

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 19% or less MC. 
Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has no forklift damage. 

Price -- $10 above the current market price per mbf. 
  

12 3 4 5 6 7 

97% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has minor forklift damage. 

Price -- Same as the current market price per mbf.       
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Value 

Excellent 

Value 
  

97% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have pencil wane, and rest 

of the pieces have no wane. 

All the pieces in the lumber pack have 19% or less MC, 

All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- $5 below the current market price per mbf. 

5 6 7 

  

95% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 

wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 22% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has minor forklift damage. 

Price -- $5 below the current market price per mbf. 

3 

  

99% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has no forklift damage. 

Price -- $5 below the current market price per mbf. 

3 

  

97% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 

wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 25% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has no forklift damage. 

Price -- $5 above the current market price per mbf. 

3 

  

99% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 22% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- $5 above the current market price per mbf. 

3 

    95% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have pencil wane, and rest 

of the pieces have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has minor forklift damage. 

Price -- $5 above the current market price per mbf.   3 
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Excellent 
Value 

Poor 

Value 

  

95% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 
wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 19% or less MC. 
All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- $10 above the current market price per mbf. 

1 23 4 5 6 7 

  

99% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have pencil wane, and rest 

of the pieces have no wane. 

All the pieces in the lumber pack have 25% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has minor forklift damage. 

Price -- $10 above the current market price per mbf. 
  

97% of the pieces in the lumber package are on-grade or better. 

Ali the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 22% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has minor forklift damage. 

Price -- $10 above the current market price per mbf. 
  

95% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have pencil wane, and rest of. 

the pieces have no wane. 
All the pieces in the lumber pack have 22% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

(twist, crook, bow), and rest of the pieces are straight. 

The lumber pack has no forklift damage. 

Price -- Same as the current market price per mbf. 
    99% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 

wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has minor forklift damage.   Price -- Same as the current market price per mbf. 
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Poor Excellent 
Value Value 

  

97% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 

wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 25% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- Same as the current market price per mbf. 
  

95% of the pieces in the lumber package are on-grade or better. 

All the pieces in the lumber pack have no wane. 

All the pieces in the lumber pack have 22% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has no forklift damage. 

Price -- $10 above the current market price per mbf. 
  

99% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have pencil wane, and rest 

of the pieces have no wane. 

All the pieces in the lumber pack have 25% or less MC. 

Less than 10% of the pieces in the pack have maximum allowable warp 

_ (twist, crook, bow), and the rest of the pieces are straight. 

The lumber pack has no forklift damage. 

Price -- $5 above the current market price per mbf. 
    95% of the pieces in the lumber package are on-grade or better. 

Less than 50% of the pieces in the lumber pack have maximum allowable 
wane, and rest of the pieces have no wane. 

All the pieces in the lumber pack have 19% or less MC. 

All the pieces in the lumber pack are straight. 

The lumber pack has minor forklift damage. 

Price -- $5 below the current market price per mbf.     
  

Please go to the next question ........ 
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5. Please rate the value (quality for the price) of lumber provided by suppliers with the following service 
characteristics. Please assume that the quality of the lumber does not vary from supplier to supplier, only the 

listed suppiler service characteristics vary. 

  

Supplier Service Characteristics Poor Excellent 
Value Value 

  

1 23 4 5 67 

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is average. 

Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is above average. 
The ease with which the supplier can be contacted by phone is above 

average. 

Price -- Same as the current market price per mbf. 
  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $5 below the current market price per mbf. 
  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $5 above the current market price per mbf. 
  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $10 above the current market price per mbf. 
  

Reputation of the supplier is below average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price ~- Same as the current market price per mbf.       
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Poor Excellent 
Value Value 

  

Reputation of the supplier is below average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- Same as the current market price per mbf. 

12 3 4 5 6 7 

  

Reputation of the supplier is average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- Same as the current market price per mbf. 
  

Reputation of the supplier is average. 

Ability to deliver lumber when promised is average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $5 above the current market price per mbf. 
  

Reputation of the supplier is below average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $5 above the current market price per mbf. 
  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $5 above the current market price per mbf. 
    Reputation of the supplier is average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $10 above the current market price per mbf.   
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Poor 
Value 

Excellent 
Value 

  

Reputation of the supplier is below average. 

Ability to deliver lumber when promised is average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $10 above the current market price per mbf. 

3 6 7 

  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is above 
average. 

Price -- $10 above the current market price per mbf. 

3 

  

Reputation of the supplier is below average. 

Ability to deliver lumber when promised is average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $5 below the current market price per mbf. 

3 

  

Reputation of the supplier is average. 

Ability to deliver umber when promised is above average. 

Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is average. 
Price -- $5 below the current market price per mbf. 

3 

  

Reputation of the supplier is average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $5 below the current market price per mbf. 

3 

      Reputation of the supplier is average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $5 above the current market price per mbf.   3 
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Poor Excellent 

Value Value 

  

1 2 3 4 5 67 

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is above average. 

Lumber is available within one week. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is above 

average. 

Price -- $10 above the current market price per mbf. 
  

Reputation of the supplier is above average. 

Ability to deliver lumber when promised is average. 

Lumber is available within two weeks. 

Supplier's willingness to handle problems professionally is average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- $5 above the current market price per mbf. 
  

Reputation of the supplier is average. 

Ability to deliver lumber when promised is below average. 

Lumber is available within four weeks. 

Supplier's willingness to handle problems professionally is above average. 

The ease with which the supplier can be contacted by phone is average. 

Price -- Same as the current market price per mbf.       
  

6. How was the softwood lumber your company treated in 1993 split among the following grades? (Please 

provide the percentage of each grade) 

% #1 Grade 

% #2 Grade 

% #3 Grade 

___.% Radius edge decking - Premium 

% Radius edge decking - Standard 

% Other (Please specify) 
  

100% Total 
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7. How was the softwood lumber your company treated in 1993 split among the following species? (Please 

indicate the percentage for each species) 

% 
  

% 
  

% 
  

% 
  

% 
  

Southem Pine 

Douglas-Fir 

Ponderosa Pine 

Hem-Fir 

Lodgepole Pine 

% Norway (Red) Pine 

  

% Other (Please specify) 
    

100% Total 

8. What was your company's most commonly treated softwood lumber size and grade in 19937 

  

Thickness Width Length Grade 

9. How much softwood lumber (all sizes) did your company treat In 1993? (Please specify total volume in 

board feet) 

total board feet 
  

10. To whom did your company sell treated lumber in 1993? (Please provide the percentage of total treated 

lumber volume sold to each type of buyer) 

% Home Centers — 

% Wholesalers 
  

% Lumber & Building Material Stores 

% Industrial Buyers 
  

% Co-operative Buying Groups 

  

% Brokers 

% Others (Please specify) 
  

100% _ = Total 
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11. Please indicate the region where the majority of your company's treating facilities are located. (Please 

check only one box). 

  

  

  

                              
      

        

          
        

      

  

[|] Other       
12. Please indicate the number of treating plants for which you buy softwood lumber. 

# of treating plants 

13. During 1993, what percentage of your company's treated products were in each of the following 

categories? 

% Dimension Lumber (including radius edge decking) 

% Others (Boards, timbers, poles & pilings, foundation lumber, cross-ties, etc.) 

14. What percentage of the softwood lumber treated by your company in 1993 was purchased from sources 

(9.g., sawmills) not owned by your company? 

% from sources not owned by your company 
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15. Please indicate your level of agreement to each of the following statements. 

Strongly Strongly 
Disagree Agree 

Our company always looks for bargain lumber prices. 1 23 4 5 6 7 

High-priced lumber is always of good quality. 1 23 4 5 6 7 

While purchasing lumber, our company considers price to be the single 

most important factor. 1 23 4 5 6 7 

High quality lumber suppliers never offer low prices. 1 23 4 5 6 7 

Price plays an important role when deciding on a lumber supplier. 1 2 3 4 5 6 #7 

Our company always has to pay a bit more for the better quality lumber. 1 23 4 5 6 7 

Our company is not one that "shops around” to compare prices. 1 2 3 4 5 6 7 

Our company does not buy lumber from suppliers who charge more than 

the market price, even if they provide better quality lumber 1 23 4 5 6 7 

16. Is there something we should have asked about softwood lumber quality or suppliers’ service quality but 

did not? Please comment below. 

17. If you would like to receive a copy of the summarized results of this study, please provide your address 
below. 

  

  

  

  

Thank you for completing the questionnaire. Please fold along the dotted line, tape, and retum it 

by mail. The postage is prepaid. 
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| | NO POSTAGE 
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a 

POSTAGE WILL BE PAID BY ADDRESSEE EE 
ee 
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THOMAS M. BROOKS FOREST PRODUCTS CENTER 
ATTN: VIJAY S. REDDY 
PO BOX 850 
BLACKSBURG, VA 24063-9985 | 
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Please fold along the dotted line 

Please return the questionnaire after folding along the dotted line and taping the ends together. Before 
mailing, please make sure that the return address is visible. Postage is prepaid. 

THANK YOU! 
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APPENDIX B: Total Product Value 

Prenotification Postcard, Cover Letters, Questionnaire, and Follow-up Postcards 
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Virginia 
I . 

| Tech Center for Forest Products Marketing ee 

VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 

AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 
Phone: (703) 231-5876 Fax: (703) 231-8868 

FIRST COVER LETTER 

June 13, 1994 

Mr. Claude Parent 

Executive Vice President 

Universal Forest Products 

P.O. Box 1616 

Salisbury, NC 28145 

Dear Mr. Parent: 

Thank you for helping with my study of softwood lumber quality and value. The 
questionnaires that you and other softwood lumber buyers returned have proven extremely 
useful in furthering my understanding of quality in the industry. As is often the case, 
however, new questions have arisen as our knowledge has grown. Consequently, | am 
writing to ask for your help one last time. 

The enclosed questionnaire builds on the results of the first. Its objective is to investigate 

how both product and service features affect quality and value when considered together. It 
is also much shorter than the first and will not take as long to complete. Your response will 
be treated with complete confidentiality. No company or individual names will appear in any 
publications resulting from the work. 

| really appreciate your continued help. With a good response to this questionnaire, | will be 
ready to finish my studies and graduate. Please let me know if | may provide you with a 

copy of the study results (just indicate so on the questionnaire) and contact me at the 
numbers listed below if you have questions. 

Thank you. © 

Sincerely, 

Vijay S. Reddy 
Graduate Student 
Forest Products Marketing 
(703) 231-5876, (703) 231-8868 (facsimile) 

P.S: | would be pleased if you accept the enclosed dollar bill as a small token of my 
appreciation. 
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FOLLOW-UP POSTCARD 

Dear Softwood Lumber Buyer: 

Recently a questionnaire seeking your opinions on softwood lumber quality was mailed to you 

from Virginia Tech. If you have already completed and returned the questionnaire, please 

accept my sincere thanks. If not, | urge you to complete and return it today. It is extremely 

important that your opinions are heard if the results are to accurately represent treaters' 

concems. 

If you did not receive the questionnaire, or if it is misplaced, please call me (703) 231-5876 or 
fax (703) 231=8868. | will send you another copy immediately. 

Thank you, in advance, for your help. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 

Forest Products Marketing 
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Virginia 
rh h . 

[Fi] Tec Center for Forest Products Marketing 
WB VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 

AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 
Phone: (703) 231-5876 Fax: (703) 231-8868 

SECOND COVER LETTER 

July 4, 1994 

Mr. Jim Wimmer 

Owner 

Blue Ridge Wood Preserving, Inc. 

P.O. Box 28 

Moneta, VA 24121 

Dear Mr. Wimmer: 

Recently | wrote to you seeking your opinions concerning the effect of lumber and service 

features on softwood lumber quality and value. As of today, | have not received your completed 
questionnaire. Again, | am writing to urge you to complete the questionnaire and return it to me 

soon. It should take only a few minutes. 

As indicated in my earlier letter, this segment of the study has been built upon the data you and 
other softwood lumber buyers in the U.S. previously supplied. Its objective is to investigate how 
both product and service features affect quality and value when considered together. 

The questionnaire for this part of the study is mailed to only a limited number of softwood lumber 
buyers. In order for the results of this study to be truly representative of perceptions of softwood 

lumber buyers, it is important for me to receive your response. In addition, your response is 
critical to the successful completion of my graduate degree. The information you provide will be 
held in strict confidence. No individuals or companies will be mentioned in the study results. 

Another questionnaire is enclosed in case the original has been misplaced. If you have any 

questions, please contact me at the numbers listed below. 

Your help is greatly appreciated. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 

Forest Products Marketing 
(703) 231-5876, (703) 231-8868 (facsimile) 

P.S: If you have completed the earlier questionnaire and mailed it recently, please ignore this 
letter. 
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Virginia 
HI Tech Center for Forest Products Marketing — 

VIRGINIA POLYTECHNIC INSTITUTE Department of Wood Science and Forest Products 

AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg, Virginia 24061-0503 
Phone: (703) 231-5876 Fax: (703) 231-8868 

FOLLOW-UP LETTER 

July 11, 1994 

Mr. Robbie Watkins 

Lumber Buyer 

Fortress Wood Preservers 

P.O. Box 4991 

Martinsville, VA 24115 

Dear Mr. Watkins: 

_ Recently | wrote to you seeking your opinions concerning the effect of lumber 
and service features on softwood lumber quality and value. If you have already 

completed and returned the questionnaire, please accept my sincere thanks. If 

not, | urge you to complete the questionnaire and return it to me today. It 

should take only a few minutes. 

If you have not received the questionnaire, or if it was misplaced, please call 

me at the numbers listed below. | will send you another copy immediately. 

Your help is greatly appreciated. 

Sincerely, 

Vijay S. Reddy 

Graduate Student 
Forest Products Marketing 

(703) 231-5876 
(703) 231-8868 (facsimile) 

263 

A Land-Grant University-The Commonwealth Is Our Campus 
Aa Equal Opportunity / Affirmative Action Institution



  

Study of Softwood Lumber Quality and Value | 
  

heh
e 
e
m
c
e
e
s
 

beh
 sa

d ' 
| 
t 

\ 
! ap

pe
ar

ed
 

  Photo Courtesy of Westvaco, Weyerhaeuser, and Temple-Iniand Inc. 

  

Center for Forest Products Marketing 
Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061-0503 

  

If you have questions, please call Vijay S. Reddy 
Phone: (703) 231-5876 
Fax (703) 231-8868 
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The purpose of this questionnaire is to improve the understanding of how softwood lumber treaters 

evaluate the value of lumber and associated services. This information will assist softwood lumber 

suppliers in providing treaters with quality lumber and services. Please note that all responses are 

strictly confidential. Thank you for your help!     
  

1. How important are each of the following features to the overall quality of softwood lumber? 
(Please allocate 100 points among the following features according to their importance to 
overall lumber quality. The more important a feature, the more points it should receive.) 

  

Accuracy of grading points 

Absence of wane points 

Accuracy of moisture content points 

Lumber straightness points 

Undamaged lumber pack points 

Total 100 points 

2. How important are each of the following features to overall supplier service quality? 

  

Reputation of the supplier points 

Ability to deliver lumber when promised points 

Lumber availability points 

Supplier's willingness to handle problems professionally points 

The ease with which the supplier can be contacted by phone points 

Total 100 points 
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3. How would you rate the value (quality for the price) of the following product and service 
combinations? (Please circle the number that most closely represents your evaluation. Please 
assume that the products differ only on the listed features.) 

  

Product Description 

Your evaluation of the product's value: 
  

Poor Excellent 

Value < > Value   

  

All the pieces in the lumber pack have no wane. 

Reputation of the supplier is average. 

97% of the pieces in the lumber pack are on-grade or better. 
Lumber is available within four weeks. 

Price - same as the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have pencil 
wane, and the rest of the pieces have no wane. 

Reputation of the supplier is average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 

Price - $5 above the market price per mbf. 

  

  
Less than 50% of the pieces in the lumber pack have pencil 

wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 

97% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $5 above the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have maximum 

allowable wane, and the rest of the pieces have no wane. 

Reputation of the supplier is below average. 

97% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 

Price - $5 below the market price per mbf. 

      All the pieces in the lumber pack have no wane. 

Reputation of the supplier is above average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 

Price - $10 above the market price per mbf.     
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Product Description 

Your evaluation of the product's value: 
  

Poor 

Value < 

Excellent 

> Value   

  

Less than 50% of the pieces in the lumber pack have maximum 

allowable wane, and the rest of the pieces have no wane. 

Reputation of the supplier is average. 

99% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $10 above the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have maximum 

allowable wane, and the rest of the pieces have no wane. 
Reputation of the supplier is above average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $5 above the market price per mbf. 

  

All the pieces in the lumber pack have no wane. 

Reputation of the supplier is above average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $5 below the market price per mbf. 

    
Less than 50% of the pieces in the lumber pack have pencil 

wane, and the rest of the pieces have no wane. 

Reputation of the supplier is below average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - same as the market price per mbf. 

    Less than 50% of the pieces in the lumber pack have pencil 

wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 

99% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 

Price - same as the market price per mbf.   
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Product Description 

Your evaluation of the product's value: 
  

Poor Excellent 

Value < > Value   

  

Less than 50% of the pieces in the lumber pack have pencil 
wane, and the rest of the pieces have no wane. 

Reputation of the supplier is average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within two weeks. 

Price - $5 below the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have pencil 

wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 

99% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $5 below the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have maximum 

allowable wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 
95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within two weeks. 

Price - same as the market price per mbf. 

  

  All the pieces in the lumber pack have no wane. 

Reputation of the supplier is below average. 

99% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within two weeks. 

Price - $5 above the market price per mbf. 

    Less than 50% of the pieces in the lumber pack have pencil 
wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 

97% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within two weeks. 

Price - $10 above the market price per mbf.     
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Product Description 

Your evaluation of the product's value: 
  

Poor Excellent 

  Value < > Value 
  

Less than 50% of the pieces in the lumber pack have pencil 
wane, and the rest of the pieces have no wane. 

Reputation of the supplier is below average. 

95% of the pieces in the lumber pack are on-grade or better. 
Lumber is available within four weeks. 

Price - $10 above the market price per mbf. 

  

All the pieces in the lumber pack have no wane. 

Reputation of the supplier is average. 

97% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within two weeks. 

Price - $5 above the market price per mbf. 

  

Less than 50% of the pieces in the lumber pack have pencil 

wane, and the rest of the pieces have no wane. 

Reputation of the supplier is above average. 

99% of the pieces in the lumber pack are on-grade or better. 
Lumber is available within one week. 

Price - $10 above the market price per mbf. 

  

  Less than 50% of the pieces in the lumber pack have maximum 
allowable wane, and the rest of the pieces have no wane. 

Reputation of the supplier is average. 

95% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within four weeks. 

Price - $5 below the market price per mbf. 

    All the pieces in the lumber pack have no wane. 

Reputation of the supplier is above average. 

97% of the pieces in the lumber pack are on-grade or better. 

Lumber is available within one week. 

Price - same as the market price per mbf.     
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4. Which statement best describes the percentage of on-grade lumber you receive from your major 
supplier (the company from whom you buy the most lumber)? (Please check one) 

O
o
o
a
d
a
o
 99% of the pieces in a lumber pack are on-grade or better 

97% of the pieces in a lumber pack are on-grade or better 

95% of the pieces in a lumber pack are on-grade or better 

Other, please specify 
  

5. Which statement best describes the packs of lumber you receive from your major supplier? (please 

check one) 

O 

Oo 

All the pieces in the lumber pack have no wane 

Less than 50% of the pieces in a lumber pack have pencil wane, and the rest of the pieces 

have no wane 

Less than 50% of the pieces in a lumber pack have maximum allowable wane, and the rest 

of the pieces have no wane 

Other, please specify 
  

6. Which statement best describes the reputation of your major supplier? (please check one) 

| 

O 

QO 

Above average reputation 

Average reputation 

Below average reputation 

7. Which statement best describes the average availability of lumber from your major supplier? (please 
check one) 

o
n
o
a
d
g
q
 Lumber is available within one week 

Lumber is available within two weeks 

Lumber is available within four weeks 

Other, please specify 
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8. Which statement best describes the price of lumber from your major supplier? (Please check one) 

My major supplier usually charges $5 below the market price per mbf 

My major supplier usually charges the market price per mbf 
My major supplier usually charges $5 above the market price per mbf 

My major supplier usually charges $10 above the market price per mbf 

Other, please specify n
o
o
a
a
q
 

  

9. Based on the features mentioned above (% on grade, wane, reputation of the supplier, lumber 

availability, and price), how would you rate the overall value you receive from your major supplier? 

(Please circle the appropriate number) 

Poor value < > Excellent Value   

1 2 3 4 5 6 7 8 9 

10. Please indicate the extent to which you disagree or agree with each of the following statements. 
(Please circle the appropnate number) 

  

  

  

  

  

  

  

Statement Strongly Strongly 

Disagree <------------------ > Agree 

When purchasing softwood lumber, our company gives equal 
importance to the quality of lumber and quality of service 1 2 3 4 5 6 7 

When purchasing lumber, our company gives more importance 

to lumber quality than to service quality 1 2 3 4 5 6 7 

Service quality is as important as lumber quality 1 2 3 4 5 6 7 

When all suppliers provide similar quality lumber, our company 

will pay more to the supplier who provides quality service 1 2 3 4 5 6 7 

When purchasing lumber, our company gives more importance 
to service quality than to lumber quality 1 2 3 4 5 6 7 

When all suppliers provide the similar quality service, our 
company will pay more to the supplier who provides quality 1 2 3 4 5 6 7 

lumber         
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11. Is there anything we should have asked about quality and value but did not? Please comment 

below. 

  

    
  

12. If you would like to receive a copy of the summarized results of this questionnaire, please provide 

your address below. 

  

  

  

  

Thank you for your help. Please fold along the dotted line, tape, and return the questionnaire 
by mail. The postage is prepaid. 
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Please fold along the dotted line 
  

Please return the questionnaire after folding along the dotted line and taping the ends together. Before 

mailing, please make sure that the return address is visible. Postage is prepaid. 

THANK YOU! 
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VITA 

ADDRESS 

1650 Ramble Rd. 
Department of Wood Science and Forest Products 

Virginia Tech. 

Blacksburg, VA 240601-0503 

DATE OF BIRTH: May 4, 1962 

EDUCATION 

1994 DOCTOR OF PHILOSOPHY 

Forest Products Marketing 

Virginia Polytechnic Institute and State University, Blacksburg, Virginia. 

1990 MASTER OF BUSINESS ADMINISTRATION 
Management Information Systems and Wood Products Management. 

Northern Arizona University, Flagstaff, Arizona. 

1988 MASTER OF SCIENCE 

Multiresource Forest Land Management. 

Northem Arizona University, Flagstaff, Arizona. 

1981 BACHELOR OF SCIENCE 
Forestry 

Osmania University, Hyderabad, India. 

Graduated with a distinction. 

WORK EXPERIENCE 

1991 - present Graduate Research Assistant 
Department of Wood Science and Forest Products 

Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061-0503 

1988-1990 Graduate Assistant 

The Office of Student Life 

Northem Arizona University, Flagstaff, Arizona. 
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1987-1988 Graduate Assistant 
School of Forestry 
Northem Arizona University, Flagstaff, Arizona. 

1982 - 1986 LOGGING OFFICER, 
U.P. Forest Corporation 

Lucknow, UP, India. 

HONORS AND AWARDS 

. 1994 "THE A. B. MASSEY HONORARIUM." 
* Competent Toastmaster (CTM), Toastmaster International. 
. 1989 "WHO'S WHO AMONG STUDENTS IN AMERICAN UNIVERSITIES AND 

COLLEGES." 
* 1989 "WHO'S WHO AMONG INTERNATIONAL STUDENTS IN AMERICAN 

UNIVERSITIES AND COLLEGES." 

spp 
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