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ABSTRACT 

There is a significant resource cost in the development of products. To minimize the 

resource cost and maximize the return on investment many companies develop several new 

products from one common platform. Common platforms spread across several separate brands. 

Different branding has different customers that have different perceptions of quality. Customers 

view quality as a mix of utility and reliability, and expect high reliability during the warranty 

period. It is often assumed by the developer the quality cost will be equal among each brand. 

Using the warranty data of a common platform dishwashing appliance the hypothesis was 

derived there is non-similar warranty costing between common platforms, but different brands. 

The factors and variables that affect the different warranty rates are also studied.   

This study focus is on two home appliance brands manufactured and marketed in North 

America. Both brands are produced in the same factories, and were designed concurrently to 

utilize as many common components and manufacturing techniques as possible. The study 

variables include: part replacement, service type, and type of failure. The assessment methods 

are hypothesis testing based on the company provided parametric and non-parametric variable 

data.  Based on the results of this study it will be known if there is a warranty cost percentage 

associated with a product based purely on brand name or other variables.  
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CHAPTER 1 

 

INTRODUCTION 

The cost of product research and development has never been higher. Companies are 

leveraging economies of scale by designing one common base product platform and using this as 

the foundation for several different product variations. The use of common platforms can extend 

to different brand names and different price points by one manufacturer. The quality forecasting 

during the product planning phase often makes the assumption that due to the common platforms 

the quality issues and warranty cost levels will be similar among all platforms and independent 

of other factors. There is a significant risk of miscalculating warranty costs from ignoring 

different customer perceptions of quality associated with brand names and reputation.     

Background 

Production Technology 

The roles of quality and manufacturing have a history of merging and diverging as new 

production technologies develop. As interchangeable parts were introduced the focus of 

manufacturing shifted from creating high quality products to mass production of products (ASQ, 

2011). In 1921, Henry Ford popularized the technology of the assembly line (Anonymous, 2005; 

Folaron, 2003). The assembly line again allowed a great deal of production at a low cost that 

brought many items that were previously unattainable within the budget of the average 

consumer. A side effect of allowing many products to be quickly produced by low skill labor 
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was a creation of products that were economic, but not high quality. By 1970, Toyota was able to 

leverage a high quality, low cost automobile by introducing the next innovation in production 

technology called the Toyota Production System (TPS) (Liker & Meier, 2006). TPS is a 

significant step in technology by not only improving production potential, but also reintroducing 

quality as an integrated part of the production process. A major aspect of TPS is to produce a 

quality product, a product that exceeds customer expectation, from the design stage. Lower 

variation of product components throughout the production process leads to a higher quality end 

product. One method of reducing variation later in production is by designing multiple end 

products off of one common platform.  

Common Platform 

Each improvement step in production technology has been due to a need to improve output 

relative to cost and or quality. As manufacturing has become more competitive and global, many 

manufacturers are producing similar products under different brand names. It is standard practice 

in the auto industry to use a common platform when designing cars. Common platform cars are 

cars built on the same general specifications with many of the same mechanical components, and 

mainly cosmetic changes to distinguish the differences (Ghosh & Morita, 2008). The Ford 

Taurus and Mercury Sable are common platform as well as the Chevrolet Camaro and Pontiac 

Firebird.  The common platform concept can be vertical or horizontal. In the case of the Ford and 

Mercury the cars are at similar price points and quality levels, this is known as horizontal 

differentiation. The Lexus RX330 and the Toyota Highlander are common platform, but different 

price and quality levels. Distinguishing common platforms by price or quality level is vertical 

differentiation. The overwhelming motivation for platform sharing is cost. It is significantly less 

expensive to develop several end products from one platform. In the case of vertical 
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differentiation there is some benefit to the consumer that the lower level product will gain some 

of the higher value components and increased quality without increased cost (Ghosh & Morita, 

2008). Due to the cost of product development, as well as the risk, many industries beyond the 

auto industry use the concept of shared platforms. Household and electronic appliance 

manufacturers are also industries that utilize this concept.  

 Another concept similar to platform sharing is private label production. Private 

label is defined by Baltas (1997) as “consumer products produced by, or on behalf of, retailers 

and sold under the retailers own name or trade mark through their own outlets.” An example of 

private labeling is the Craftsman brand marketed by Sears retail locations.  Sears is a retail outlet 

and does not manufacturer. As a marketer Sears, contracts out to manufacturers like Skil and 

Armstrong tools to make tools under the Craftsman brand name. Sears realized it has a core 

competency of retail and not manufacturing. Skil and Armstrong tools haves a core competency 

of developing and manufacturing tools. Private labeling benefits the manufacturer by utilizing 

excess capacity, strengthening relationships (Hoch, 1996), increasing manufacturing experience, 

and reducing manufacturing and logistics costs (Quelch & Harding, 1996). Retail outlets find 

benefits of private labeling by differentiating merchandise (Reda, 2002) as well as building store 

loyalty (Collins-Dodd & Lindley, 2003). In general, there is view a by the consumer that the 

private label brand is of lower quality than the national brand (Cheng, Chen, Lin, & Wang, 

2007). 

Quality Perception of Warranty and Reliability 

Marketers have historically used warranty terms as a method to distinguish between 

products of low and high quality (Erevelles, Roy, & Vargo, 1994; Kelley, 1988; VandenPoel & 

Leunis, 1995). This is a common practice among many products from large ticket items like cars 
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and appliances to small items like light bulbs. There is not a definitive answer if better warranty 

terms equal a better product for the consumer. Spence (1977) proposes the hypothesis that 

warranty is a marketing signal of reliability because warranties are expensive for the 

manufacturer. Manufacturers have to raise prices to cover extra warranty costs and thus product 

price correlates directly to product reliability. In the case where price is recognized as a 

reliability signal; manufacturers will raise price until the signal becomes no longer recognized by 

the consumers. Agrawal, Richardson, and Grimm (1996) did a study to try to determine if a 

better warranty did equate to a better product. The study presented three hypothesis related to 

product reliability: market penetration, variance within product class, and maturity of product 

class. Presented in the literature review of Agrawal et al. (1996) study results the conclusion that 

consumers do view products with greater warranty to be of greater reliability (Bearden & Shimp, 

1982; Boulding & Kirmani, 1993; DoC, 1992; Shimp & Bearden, 1982). However, in his own 

study Agrawal et al. (1996) found mixed results to support warranty is a strong indicator of 

reliability. Some studies indicated that warranty leads to separating equilibrium and warranty is a 

good indicator of product reliability. Spence (1977) as cited by Agrawal et al. (1996) has 

modeled that separating equilibrium is effective because lower reliability producers cannot 

afford the repairs and maintain the same warranty of higher reliability producers. Conversely, as 

cited by Agrawal et al. (1996), Akerlof (1970) proposes pooling equilibrium. In pooling 

equilibrium the lower reliability producer matches the higher reliability producer warranty. The 

lower reliability producer can match warranty terms when they have no intention of meeting 

warranty claims or consider the risk of consumers claiming warranties to be low. When all 

warranty is equal, and there are no other signals like branding, there is no reliability signal to the 

consumer.  
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Quality Perception of Product Branding 

 The manufacturing world has become more consolidated and the consumer has higher 

expectations. Product quality and reliability have become a major competitive advantage for 

manufacturers (Karim, Smith, Halgamuge, & Islam, 2008).  Some consumers will pay a higher 

price for a quality product even if the product has lower warranty level. Other consumers will 

purchase lower quality product if the warranty is of higher level. For example, because of 

branding signals within the American automotive market, consumers do not view products with 

higher warranties to be of higher quality (Douglas, Glennon, & Lane, 1993).  

Product branding and product price have been studied and found to be important and 

statistically significant to consumers in terms of quality perception. There have been recent 

studies into perceived differences of quality by consumers in the retail area of clothing 

(Amrouche & Zaccour, 2009; Vahie & Paswan, 2006) and regional perceptions (Cheng et al., 

2007; Hultman et al., 2008). In theoretical studies of automotive platform sharing, it was found 

that consumers benefit from vertical platform sharing (Ghosh & Morita, 2008). With the 

consolidation of Major appliance manufacturers Whirlpool and Maytag, potential sale and 

consolidation of GE, and Electrolux introducing the Electrolux brand alongside the established 

Frigidaire name in the United States there will be an increase in the number of appliances in the 

United States that are common platform. Most manufacturers will not advertise the use of 

common platforms, but it can be generally assumed as common practice of most industries. 

Electrolux produces appliances under the brand names of Electrolux, Frigidaire, and 

Westinghouse (Electrolux, 2008). Whirlpool produces appliances under the brand names 

Whirlpool, Maytag, Amana, Jenn-Air, and KitchenAid (Whirlpool, 2008). The majority of 

microwaves sold in the United States are produced private label by Japanese firms like LG, 
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Panasonic, and Sharp. Whirlpool, Electrolux, and Bosch all private label dishwashers under the 

Kenmore brand name. This study is an effort to quantify if there is significantly different failure 

rate among common platform consumer appliances. 

Warranty Failures 

Implied and expressed warranties are the two warranty types as defined in the United 

States by federal and local laws (Lwin & Williams, 2006). Implied warranties have two sections 

meant to protect the manufacturer and the purchaser. A purchaser is protected by the 

merchantability portion of the implied warranty. The merchantability section requires that a 

product is fit for the purpose it is generally used. Implied warranty on a chainsaw is that it is fit 

for use as a method of cutting wood and trees. Section two of an implied warranty protects the 

manufacturer by limiting the warranty to use of the product as it was designed and intended. 

Chainsaws have the implied function of cutting wood, if a chainsaw is used for juggling then any 

damage that may occur to the chainsaw or user is not covered under the warranty. Expressed 

warranties are made by the seller as a description of the product or product function (Hamilton & 

Petty, 2001). A product description found in advertising or printed on product packaging can be 

considered as expressed warranty. One limitation of expressed warranty is the manufactures or 

sellers opinion of a product (Lwin & Williams, 2006). Expressed warranties are used as a 

consumer signal and product differentiation. For these reasons expressed warranties are a fertile 

ground for research. As is commonly found in warranty literature the term “warranty” infers 

“expressed warranty” unless otherwise stated (Lwin & Williams, 2006) and is the case in this 

paper.  

A warranty at the very minimum requires three parts: duration and type, manufacturer’s 

obligation, and consumer’s obligation (Sahin & Polatoglu, 1998). Warranty duration may be 



7 

very short (days) or very long (lifetime). Sahin and Polatoglu (1998) note that life time 

warranties are generally promotional and used on products that rarely require warranty claims 

and thus rarely seriously studied. Warranty duration may be in time, cycles, or both. Automobile 

warranties are examples where time and cycles are both used for warranties such as a three year 

or thirty six thousand mile warranty. Warranty cycle may also be considered. If a part fails 

within the original duration an extended warranty may be added to the replaced part or entire 

unit. In theory, if more failures occur the warranty could continue to cycle or repeat. The type of 

warranty is also important such as what conditions must occur to enact the warranty and what 

corrective action will be performed. Terms of warranty may state repair, partial replacement, full 

replacement, or other remedies. If a warranty claim is made the obligation of the manufacturer 

must be included. Warranties may state that the repair or replacement is at the discretion of the 

manufacturer. Large ticket items like appliances and cars often allow the manufacturer to replace 

a part. Industrial service contracts may require the manufacturer to refurbish the entire system if 

one part fails to avoid that the system sustained hidden damage and further repair would be 

required later. Small non-durable products may be replaced due to the high cost of repair versus 

cost of replacement. The consumer may have obligations that must be fulfilled to validate a 

warranty. Regular maintenance or inspection may be a warranty condition that is a responsibility 

of the customer such as regular oil changes in a car.  

Warranty Costs 

Product quality is expectations of the customer and includes performance, feature 

content, reliability, and other factors. Consumers have increased ability to compare features and 

prices making it no longer feasible for a manufacturer to pass the cost of poor quality onto the 

consumer. To be marketable a product must be perceived at a quality level including features, 
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reliability, and pricing. A perceived product quality level includes factors like features, 

reliability, and pricing. Products may be perceived as “good” quality when they have  low 

feature, but low cost. High cost products with low feature content, high cost, and low reliability 

may not be perceived as “good” quality and thus not marketable. Quality must be designed into 

the product at the initial design stages (Deming, 1982). Quality non-conformance is described as 

not meeting the customer demands or expectations (Juran & Godfrey, 2000). In an industrial or 

commercial environment where specification sheets or tightly defined customer contracts are 

available it is easy to quantify customer expectations. In consumer markets there are no clear 

definition of what customer expectation is (Carsky, Dickinson, & Canedy, 1998). At the design 

stage manufacturers must try to interpret what the customer expectation is then balance the cost 

and reward of exceeding that expectation. Customer preference of quality is one variable that 

must be considered in the total costing of the product. Consumer products have a cost of poor 

quality just because of the vague and shifting nature of customer preference (Carsky et al., 1998).  

Features that were unique and high-end thus signaling high quality may become quickly adopted 

by low cost products and reduce the high quality signal of the original manufacturer. The 

reliability of domestic was considered acceptable until the Japanese imports proved to be greatly 

more reliability. The quality perception of domestic automobiles reversed from acceptable to 

poor even though the actual reliability was unchanged just because the import competitors was 

so much better. Every attempt to minimize warranty costs should be exploited. Warranty costs 

must be considered and budgeted into the target sales cost just as materials and other production 

costing is budgeted. It is exceedingly difficult to predict warranty rates on new products.  Many 

companies base warranty cost on new products off of the warranty cost on a similar existing 

product or the product that is being replaced (Kakouro, Cargille, & Esterman, 2003; Murthy, 
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2006). Due to the prevalence of common platform design many companies are launching new 

common platform products with different brand names simultaneously. There is a benefit to 

knowing if there needs to be a different cost of quality budgeting for common platform products 

based on brand name. 

Customer Perceptions 

In sales and marketing of products and services there is an asynchronous flow of 

information. Related to quality the manufacturer has more information on the quality, reliability, 

and warranty redemption of products. Consumers do not have a full amount of product 

information and must use other sources or signal to make a decision before deciding which 

product to purchase. Warranty is often used as a signal by manufacturers to indicate that a 

product has high quality. Akdemiz (2009) studied automotive trends to see if warranty was an 

effective method of signaling quality to consumers.  

The first step of Akdemiz (2009) study was to define two different types of quality due to 

the asynchronous flow of information to consumers: objective and perceived (Clark, Doraszelski, 

& Draganska, 2007; Jacoby & Olsen, 1985; Mitra & Golder, 2006; Parasuraman, Zeithaml, & 

Berry, 1985). Objective quality is characteristics that can be quantified and measured. Things 

like horsepower, miles per gallon, and features present on a car are examples of objective 

quality. Perceived quality is related to the product user’s judgment or opinion, and may or may 

not be based on personal use or experience. Subjective descriptions of car characteristics like 

noise or handling are perceived quality. A negative story or review about a product may result in 

a negative perception of quality even though the person has not personally experienced the 

product. In other cases a convincing commercial or personal recommendation may result in a 

positive feeling of perceived quality. Akdemiz (2009) used Harris Interactive’s Brand Equity 
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Study as the baseline of perceived quality. For the objective quality metric J.D. Power and 

Associates Initial Quality Study was used.  

Common platform products may have similar components and construction, but may vary 

greatly in external effects such as marketing, handling, packaging, sales channels, or customer 

perception. Once a product has left the production facility the manufacturer has a much less 

influence upon defects and defect creation. Many Black & Decker and DeWalt tools are common 

platform, but the marketing, sales channels, and customer purchase groups are different. The 

effects of the external influences on cost of poor quality have not been studied related to how this 

affects common platform different branded product.   

Need for the Study 

Some of the factors that can affect the customer complaint rate are external influences 

like handling or logistics. Other factors are the broad and fluctuating nature of consumer 

preference. Many companies accept that there will be customer complaints on consumer goods 

and account for these costs during the design phase similar to other costs like materials. Often, a 

common platform is given one static value for customer complaint cost that does not consider the 

potential variances that occur across different brands even with common platforms. The warranty 

cost for repairs in consumer goods is significant, considering that by industry estimates in 2007 

that 61% of US households have dishwashers and that 100% have cooking appliances 

(Appliance-Magazine, 2010). There can be a significant impact on actual profit if the warranty 

costs are incorrectly forecast in the design stage. By properly considering warranty cost as 

variable by product line a more detailed risk assessment can be performed. This will also allow a 

more detailed evaluation of what product features to avoid because they do not have enough cost 
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benefit. There has not been a clear study into the difference of warranty costs compared among 

common platform products.  

Problem Statement 

The problem of this study is to determine if there is a difference in the warranty failures 

of common platform different brand name dishwashing appliances.  

Purpose of the Study 

The purpose of this study to use real world data to verify if the warranty failure rate is 

different or similar on common platform separate brand name dishwashing appliances. Follow 

up to this initial question was an analysis of the parts reported as the failure and comparison of  

those failure rates between the separate brands. In cases of same brand dishwashers built on 

common platform, but marketed under a high and low price point this study analyzed if the 

warranty failure rates were similar. The last point of this study was compare failure rate on 

different brand dishwashers, built on a common platform, segregated into high and low cost price 

point.  

Research Questions 

The research was conducted on a single manufacturer of household appliances. The 

manufacturer produces three brand names, but due to low volumes one brand name was not 

considered. Four research questions were identified, and were directly related to the problem 

statement above. The assessment methods were hypothesis tests based on the company provided 

parametric and non-parametric variable data. The hypothesis statements can be found in chapter 

3 methodology.  

1.  Was there a difference between warranty redemption of common platform, but different 

branded dishwashing appliances? 
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2. Was there a difference in the warranty redemption percentage and part type replaced of 

common platform, but different branded dishwashing appliances? 

3. Was there a difference in the warranty redemption of common platform, same branded 

dishwashing appliances from different price points? 

4. Was there a difference in the warranty redemption of common platform, different branded 

dishwashing appliances from same price points? 

Definition of Terms 

Brand - Name, term, symbol, or design to identify goods or services and a means to 

differentiate them from those of competitors (Keller, 2002). 

Common Platform - Common platform cars are cars built on the same general 

specifications with many of the same mechanical components, and mainly cosmetic differences 

to distinguish the differences (Ghosh & Morita, 2008) 

Expressed Warranty - Expressed warranties are made by the seller as a description of the 

product or product function (Hamilton & Petty, 2001). 

Objective Quality - Objective quality is characteristics that can be quantified and 

measures. (Clark et al., 2007; Jacoby & Olsen, 1985; Mitra & Golder, 2006; Parasuraman et al., 

1985).  

Perceived Quality - Perceived quality is related to the product user’s judgment or opinion, 

and may or may not be based on personal use or experience. (Clark et al., 2007; Jacoby & Olsen, 

1985; Mitra & Golder, 2006; Parasuraman et al., 1985).  

Private Label - Private label products are “consumer products produced by, or on behalf 

of, retailers and sold under the retailers own name or trade mark through their own outlets 

(Baltas, 1997).  
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Reliability - The probability of an element performing its intended function over its 

intended life and under specified conditions. (Thomas, 2006)   

Warranty Cost - Warranty Cost is an expenses paid by the manufacturer that is directly 

associated with a warranty failure through the warranty period. (Murthy & Blischke, 2010; 

Thomas, 2006) 

Warranty Failure - A Warranty Failure is an assessment by the customer that the product 

is not performing to the “perceived quality” of the customer. The time frame of this assessment 

is limited to a warranty time period as defined by the manufacturer in the sales contract. 

(Kakouro et al., 2003) 

Assumptions of the Study 

The following assumptions were made for the study. 

1. Service records the customer visit correctly. 

2. All replaced parts listed on the service call. 

3. Model information was recorded correctly. 

4. Multiple repairs to the same product were not included as separate failures. 

5. Failures classified as warranty by service occurred within the warranty period.  

6. The product sale price is the same as the MSRP price. 

7. Any part replaced was the actual failure case. 

Limitations of the Study 

The following limitations were present in this study: 

1. Data was collected from one company source. 

2. Data source were limited to the United States and Canada. 

3. Data was specific to dishwashing appliances. 
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4. Data was limited in time frame. 

5. Multiple repairs to the same product were considered one repair. 

6. The data is considered to be a random sample of a population and thus normal to the 

population. However the data sets were tested for normality and hypothesis testing that is for 

normal and non-normal data was used if applicable. 

7. Normality tests were Anderson-Darling and the Q-Q test.   

8. The analysis for similarity was interested in both means and variance.  

9. Testing for means was Paired T testing (when data is logically grouped) or 2 Sample 

Testing when the data is normal; Mann-Whitney in cases of  non-parametric data. 

10. Testing for similar variance was the F-test for parametric data and Levene’s test for non-

parametric data.    
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CHAPTER 2 

 

REVIEW OF LITERATURE 

The review of literature for this study is to give a history and summary of current studies 

on warranty and quality. Main terminology of the study such as warranty, customer perception, 

failure types, and common platforms was reviewed based on recent topical studies. Warranty 

prediction formulas were discussed as well as suitable applications. This study is focused on 

consumer goods that have rates of perceived quality as well as objective quality. Studies on the 

effect of customer perception and behaviors will be reviewed in this section. The review of 

literature established a frame work for the benefits of this research study.  

Definition of Warranty and Brief History 

An assurance given to a consumer by a manufacturer that a product or service will 

perform as represented is a warranty (Murthy, 2006). The warranty is the provision that a 

manufacturer will provide remediating action if a product fails to perform satisfactorily over a 

warranty period (Murthy & Blischke, 2010). A warranty fulfills two main functions: 

maintenance contract and insurance policy (Murthy & Blischke, 2010; Sahin & Polatoglu, 1998). 

Previous to the 1970’s the warranty provided that the warrantor will facilitate any short comings 

in the product as defined by the user of the warranty contract. As an insurance policy the 

warrantor is collecting a premium on the product under the assumption of possibility of failure 

and required repair.  
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Records of trade laws and warranties can be traced back to Roman times in the 5
th

 

century B.C. (Murthy & Blischke, 2010). There is evidence of warranty laws up to the industrial 

revolution: Bavarian laws early A.D., Hindu laws of 5
th

 century A.D., and the medieval guild 

systems. The industrial revolution brought products with increased complexity assembled from 

multiple manufacturers. Legal protection of faulty products was only available in cases of 

malicious fraud. It was after this time that the concept of “buyer beware” was replaced with 

manufacturer’s warranties During this time warranties evolved to be mainly protection for the 

manufacturer and not the consumers. In the early 1900’s governments began to enact laws that 

acted as warranties for consumers. Three consumer movements related to warranty occurred 

starting in the early 1900’s. From the start of the 20
th

 century to the start of World War One there 

was on going reforms in poor quality of food and drugs. At the end of World War One to World 

War Two independent groups Good House Keeping and Consumer Reports began testing and 

reporting on durable goods. Publication of quality results began the differentiation of 

manufacturer’s quality and warranty. After World War Two the concept of “implied warranty” 

became accepted with most US states creating laws to protect consumers and enforce expressed 

and implied warranties.  

Between 1950 and the present; warranty terms went through three phases: exploitive, 

signal, and investment (Blischke & Murthy, 1996). From 1950 to 1975 consumer sentiment was 

that warranties were to protect the manufacturer. The purpose of the warranty was to add product 

cost thus benefiting the manufacturer. In 1975 legislation was passed to clarify warranty terms 

and readability. The simplification of warranty terms allowed consumers to view warranties as 

signals of product quality and durability. Consumers could now assume that a longer warranty 

inferred a more robust product that would be less likely to fail. In current times the warranty has 
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become viewed as protection of the product as an investment. The warranty protects the 

customer from premature failure and the manufacturer from inappropriate use.  

Implied and expressed warranties are the two warranty types as defined in the United 

States by federal and local laws (Lwin & Williams, 2006). Implied warranties have two sections: 

one meant to protect the manufacturer and the other the purchaser. A purchaser is protected by 

the merchantability portion of the implied warranty. The merchantability section requires that a 

product is fit for the purpose it is generally used. Implied warranty on a chainsaw is that it is fit 

for use as a method of cutting wood and trees. Section two of an implied warranty protects the 

manufacturer by limiting the warranty to the use the product was intended. Chainsaws have the 

implied function of cutting wood, if a chainsaw is used for juggling then any damages that may 

occur to the chainsaw or user is not covered as warranty. Expressed warranties are made by the 

seller as a description of the product or product function (Hamilton & Petty, 2001). A product 

description found in advertising or printed on product packaging can be considered as expressed 

warranty. One limitation of expressed warranty is the manufactures or sellers opinion of a 

product (Lwin & Williams, 2006). Expressed warranties are used as a consumer signal and 

product differentiation. For these reasons expressed warranties are a fertile ground for research. 

As is commonly found in warranty literature the term “warranty” infers “expressed warranty” 

unless otherwise stated and was the case in this paper.  

A warranty at the very minimum requires three parts: duration and type, manufacturer’s 

obligation, and consumer’s obligation (Sahin & Polatoglu, 1998). Warranty duration may be 

very short (days) or very long (lifetime). Sahin and Polatoglu (1998) note that life time 

warranties are generally promotional and used on products that rarely require warranty claims 

and thus rarely seriously studied. Warranty duration may be in time, cycles, or both. Automobile 
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warranties are examples where time and cycles are both used for warranties such as a three year 

or thirty six thousand mile warranty. Warranty cycle may also be considered. If a part fails 

within the original duration an extended warranty may be added to the replaced part or entire 

unit. In theory, if more failures occur the warranty could continue to cycle or repeat. The type of 

warranty is also important such as what conditions must occur to enact the warranty and what 

corrective action will be performed. A warranty may state repair, partial replacement, full 

replacement, or other remedies. If a warranty claim is made the obligation of the manufacturer 

must be included. Warranties may state that the repair or replacement is at the discretion of the 

manufacturer. Large ticket items like appliances and cars often allow the manufacturer to replace 

a part. Industrial service contracts may require the manufacturer to refurbish the entire system. 

This is to insure that no hidden damage occurred that may require further repairs. Small non-

durable products may be replaced due to the high cost of repair versus cost of replacement. The 

consumer may have obligations that must be fulfilled to validate a warranty. Regular 

maintenance or inspection may be a condition that is a responsibility of the customer such as 

regular oil changes in a car.  

Warranty claims are a cost to the manufacturer, but they are one of the few measures of 

true product quality (Lu, 1998; Thomas, 2006). Feedback from the end customer in warranty 

claims gives not only a measure of product reliability, but also non-failures due to customer 

misconception or dissatisfaction. New product launches or major product changes are critical 

times to monitor warranty claims. A change that the manufacturer considers to be an upgrade or 

improvement may turn out to be overly complex and not well received by users. Warranty claims 

that are found to be customer education or no fault found should still be considered as an 

unsatisfied customer. The warranty feedback should be evaluated to determine if it is prudent to 
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make a change such as clarifying the product literature or changing a product operation to better 

satisfy customer expectation. Some companies have been wildly successful by introducing 

cutting edge, but user friendly technologies such as Apple with products like the ipod, iphone, 

and ipad. Other companies increased warranty feedback due to the complexity of new product 

features like the BMW integrated electronic control system until the system was heavily 

downgraded to meet customer expectation. Warranty claims are one of the few feedbacks to 

manufacturing that provides reliability and customer expectation data.  

Warranties have a long history that has evolved into protection for both the buyer and 

seller. Two broad definitions of warranties are the implied warranty that is the general 

assumption of how a product should perform and the expressed warranties that specifically state 

the abilities of a product. There are three parts to warranties: duration and type, manufacturer’s 

obligation, and consumer’s obligation. For a manufacturer a warranty claim is negative in that 

there is a cost to correct a problem, but warranties are one of the few methods of getting 

customer feedback on the performance and acceptance of a product.   

Product Failures and Reliability 

Quality is not entirely defined by the failure resistance of a product, but the reliability 

may be a major factor in user perceived quality.  In order to define product reliability, three areas 

to measure the product against must be defined (Thomas, 2006). First, what constitutes a product 

failure. Product failure is when a product cannot meet a predefined purpose. In some cases a 

failure is a simple binary measure like for electrical circuits or light switches. Other cases of 

failure involve a product degrading over time. Things that cause degrading over time may be 

vibration and wear. The operating environment or user conditions are the second area be defined. 

Items are often sold at different trim, power, and warranty levels based on the intended use. 



20 

Items like appliances are delegated into household or commercial use categories with warranties 

and components that correspond to these designations. The final area to define reliability is the 

intended service time or usage cycles. Construction equipment is measured and designed to last a 

designated number of engine hours. Automobiles are measured in years and/or mileage. The 

interaction of all three areas also depends on the perspective of the user. Cases of degrading may 

not truly be an issue. In a consumer setting a 1% loss of automobile engine power after 75,000 

miles would not be noticeable and not considered a failure. When a racecar loses 1% of engine 

power over a 500 mile race it is noticeable and defined as a failure.  

There are three methods to improve system reliability: improve component level 

reliability, implement new technology, or increase redundancy (Kales, 1998; Thomas, 2006). 

Reliability in mechanical systems like conveyors may be increased by using higher capacity 

bearings or gears. In this case there may be a tradeoff of having reliability, but using more costly 

“over rated” components. New technologies may increase reliability and the technologies may be 

radical or remedial. Conveyor life may be extended by implementing a remedial technology 

change like a total preventive maintenance system that checks oil levels to prevent parts from 

running dry and causing failures. Other technology changes may be radical like electronic fuel 

injection and in process monitoring. Radical technology improvements create risk that a new 

technology may create new failure modes and reduce reliability. Other risks are the cost of time 

and resources required to develop new technologies. The final method of increasing reliability is 

by adding parallel redundancies to the system. This is an expensive, although highly effective, 

option. Cost implications make redundancy most common in safety critical applications like 

nuclear power and aircrafts. Cooling systems at nuclear reactors are built with redundant pumps 

and piping incase a pump fails or a piping system becomes clogged. Another method of 
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redundancy is stand-by redundancy. Hospitals that require electricity may institute a standby 

generator that only operates when the main power source fails to operate. There is still a high 

initial cost, but the operating costs and wear and tear to the equipment are reduced. Load sharing 

is considered to be a redundancy tactic. Safety critical components on airplanes, like wings, often 

are over designed with redundant fasteners. When one fastener fails the remaining fasteners can 

handle the increased load, although for a shorter service life than the original redundant design. 

Construction projects where the cost of fasteners is low compared to the cost of a structure 

collapse will add additional fasteners to load bearing supports. Improving components, 

improving technologies, and adding redundancies are strategies for reducing failures and 

improving reliability. Before a decision is made to increase reliability, consideration must be 

given to the change in costing as each strategy may involve increases in piece costing or time 

and design resources that could be used on other projects.   

As defined by Thomas (2006) there are three time frames for failures: infant mortality, 

useful life, and wear-out period. Most failures occur in the infant mortality and wear-out period. 

The bathtub curve of failures is the common representation of product failures over time, where 

the time axis is along the X and failure rate is along the Y axis. Infant mortality is most 

commonly due to manufacture or assembly of the product. Failures of alignment or welds are 

due to assembly or workmanship and not inherent design flaws. The useful life is a period of low 

failures generally occurring in a constant manner. During this time the failures may be modeled 

exponentially due to the constant failure rate. In the wear-out period the product has reached the 

end of its useful design life. Common signals that a product has reached the wear-out cycle is 

that failures become related to wear or use like friction wear or creep. In this time frame the 
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decision to repair or replace should be made. Maintenance and replacement schedules for 

products and equipment are based on the expected product wear-out period.   

Perception Versus Reality  

In sales and marketing of products and services there is an asynchronous flow of 

information. Related to quality the manufacturer has more information on the quality, reliability, 

and warranty redemption of products. Consumers do not have a full amount of product 

information and must use other sources or signals to make a decision before deciding which 

product to purchase. Warranty is used by manufacturers to indicate that a product has high 

quality. Akdemiz (2009) studied automotive trends to see if warranty was an effective method of 

signaling quality to consumers.  

The first step of Akdemiz (2009) study was to define two different types of quality 

related to the asynchronous flow of information to consumers: objective and perceived (Clark et 

al., 2007; Jacoby & Olsen, 1985; Mitra & Golder, 2006; Parasuraman et al., 1985). Objective 

quality is characteristics that can be quantified and measured. Things like horsepower, miles per 

gallon, and features present on a car are examples of objective quality. Perceived quality is 

related to the product user’s judgment or opinion, and may or may not be based on personal use 

or experience. Subjective characteristics of a car like noise, handling, or power are perceived 

quality. A negative story or review about a product may result in a negative perception of quality 

even though the person has no personally experience. In other cases a convincing commercial or 

personal recommendation may result in a positive feeling of perceived quality. Akdemiz (2009) 

used Harris Interactive’s Brand Equity Study as the baseline of perceived quality. For the 

objective quality metric J.D. Power and Associates Initial Quality Study was used.  
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The study was broken down into three major research areas with the first section focusing 

on the interactions of objective and perceived quality at the brand levels. The results of this 

section indicate that as objective quality improves so does the perceived quality. It was found 

there is a time lag between the improvements in objective quality and perceived quality. This 

study area found that brand reputation was the strongest signal of perceived quality. Reputation 

is cited as the credibility of a brand based on a brands historical behavior (Herbig, 1996; Herbig 

& Milewicz, 1993). Specifically, German automotive brands such as Mercedes-Benz scored very 

high in perceived quality, but were unable to support this rating with a high objective quality 

rating. In the case of Korean brands the perceived quality was low although the objective quality 

was found to be high. The German brands are high cost, but there was no correlation that price 

acted as a signal of perceived quality.  

The second section of the study looked at the results of objective and perceived quality 

over a time frame. As the gap between perceived and objective quality increases, the brand sales 

and market share decrease. In the case of under-appreciated brands, the perceived quality is 

lower than the objective quality; the only significant method to increase perceived quality in the 

long term was to increase the brand costing. When a brand is over appreciated, several signals 

were affective at influencing the perceived quality. In the case of Korean automakers, by 

increasing their pricing they were able to signal perceived quality improvement and reduce the 

gap in objective and perceived quality.    

There are external influences on perceived quality such as third party and marketing 

signals. Section three of the study focused on the brand, third party signals, and market signals 

on perceived quality. It was found by Akdemiz (2009) that the brand and third party quality 

rating had more of an effect on perceived quality then price and warranty signals. If brand 
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reputation and third party quality rating are high the price and warranty act as effective quality 

signals. When the brand reputation and third part quality rating are low the brand price and 

warranty are not effective as quality signals. This result shows that the price and warranty are 

only useful if the brand reputation and third party quality rating are complementary.  

The results of this study have bearing on this dissertation by laying the foundation of the 

effect of brand reputation. Both Brand A and B dishwashers have high brand reputation. 

Consumer Reports magazine has been listed in many studies as an objective measure of quality, 

reliability, and value (Agrawal et al., 1996; Akdemiz, 2009). Brand A and B dishwashers have 

consistently been ranked as top performers and best buys from Consumer Reports. Due to this 

independent rating it can be inferred that the Brand A and B dishwashers have a high brand 

reputation. Based on this study (Akdemiz, 2009) results comparisons of the quality and warranty 

numbers will not have additional risk of brand reputation noise on the results. In the case that one 

brand had a good reputation and the other a poor reputation this study suggests that the perceived 

quality would be affected and potentially leads to noise in the results. Brand A and B are at 

different price points. Akdemiz (2009) found that brand pricing does signal perceived quality in 

high brand reputation automotive scenarios. It is not known if this is the case in appliances and 

this hypothesis was tested.  

The Akdemiz (2009) study had the objective of determining if warranty was an effective 

signal of product quality. In the study results it cannot be said that warranty alone is an effective 

signal of quality. In some cases warranty is a strong signal, but not in others. Brand reputation 

was found to consistently be a strong signal of perceived quality even if the objective quality was 

not high. This study focused on the automotive sector, but there are areas of future study to see if 

these results are valid for appliances.    
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Common Platforms 

Each step in production technology has been due to a need to improve output relative to 

cost and or quality. As manufacturing has become more competitive and global, many 

manufacturers are producing similar products under different brand names. It has been common 

practice in the automotive industry to use a common platform to create similar cars. Common 

platform cars are cars built on the same general specifications with many of the same mechanical 

components, and mainly cosmetic changes to distinguish any differences (Ghosh & Morita, 

2008). The Ford Taurus and Mercury Sable are common platform as well as the Chevrolet 

Camaro and Pontiac Firebird.  The common platform concept can be vertical or horizontal. In the 

case of the Ford and Mercury the cars are at similar price points and quality levels, this is known 

as horizontal differentiation. The Lexus RX330 and the Toyota Highlander are common 

platform, but different price and quality levels. Distinguishing common platforms by price or 

quality level is vertical differentiation. The overwhelming motivation for platform sharing is 

cost. It is significantly less expensive to develop several end products from one platform. In the 

case of vertical differentiation there is some benefit to the consumer that the lower level product 

will gain some of the higher value components and increased quality without increased cost 

(Ghosh & Morita, 2008). Due to the cost of product development, as well as the risk, many 

industries beyond the automotive use the concept of shared platforms. Household and electronic 

appliances manufacturers are also industries that utilize this concept.  

A key concept in the feasibility of using common platforms is the product architecture. 

As defined by Ulrich (1995) product architecture comprises three sections: element arrangement, 

interaction of functional elements to physical elements, and specification of interfaces between 

physical components. In a simplified overview product architecture can be either modular or 
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integral. In the case of modular each component has one feature output. Very simply; each part 

or module performs one function without overlapping functions. An integral architecture has 

overlapping outputs and components. There are advantages to both systems and the final 

determination of what architecture to use will be based on many factors. Modular architecture 

has the advantage of being quickly upgradable by replacing individual components. Integral 

architecture requires an entire system upgrade if an improvement is desired (Nepal, 2005). 

Modular architecture allows the use of more standardized components, which should also 

provide an increase in reliability. Integral architecture may produce a higher quality product, not 

necessarily more reliable, due to the ability to customize feature content to the end user’s 

requirement. Standardized components may lead to technology limitations, and the inability to 

meet all the customers’ requirements for a reduced quality product.  

Common platform production requires modular architecture to allow maximum 

flexibility from minimum component variation. The design method of common platform 

products is through modular design where discrete functional units are integrated to create an end 

product (Nepal, 2005). A modular design wishes to minimize the degree of interactions between 

components (Ericson & Erixon, 1999; Nepal, 2005). Some of the advantages of this approach are 

summarized and listed below (Ericson & Erixon, 1999; Nepal, 2005; Pahl & Beitz, 1984). 

 Improved quality 

 Higher flexibility 

 Reduction of product development time 

 Parallel development of product and production system 

 Reduced product lead time 

 Less capital required for production 
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 Reduced material and purchase cost 

 Easier service and upgrading 

 Reduced delivery time 

 Easier maintenance and spare part availability 

A summary of the disadvantages:  

 Special requests or specific customer needs may not be possible 

 Product changes need to be at long intervals due to development costs 

 Technical features may be dictated by module technology limitations 

 Manufacturing costs may increase due to better tolerances required for module 

interfacing 

 Layout costs increase 

 A compromise between the manufacturer and user requirements may make the product 

layout challenging. 

There are two methods of modular design, either by function or manufacturing (Nepal, 2005; 

Otto & White, 2001). Creation or specification of modules by function is to partition the modules 

by the intended output. In the case of a dishwasher the modules may be for water (pumps, 

sprayers) and cleaning (detergent and spot remover dispensers). When the modules are specified 

to ease manufacturing it may be by OEM producer or for optimal assembly. Research on 

common platform development with modularity optimization is an active research topic with 

many angles of development available in articles. There is research on developing product 

families or common platforms based on interchangeable modules (Stone & Wood, 2000), reuse 

of modules by functional modeling (Dahmus, Gonzalez-Zugasti, & Otto, 2000, 2001), and 

market data (Yu, Gonzalez-Zugasti, & Otto, 1999; Zamirowski & Otto, 1999).  
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 Another concept similar to platform sharing is private label production. Private label is 

defined as “consumer products produced by, or on behalf of, retailers and sold under the retailers 

own name or trade mark through their own outlets” by Baltas (1997). An example of private 

labeling is the Craftsman brand marketed by Sears and Kmart retail locations.  Sears and Kmart 

are retail outlets and not manufacturers. They contract out to manufacturers like Skil and 

Armstrong tools to make tools with the Craftsman name on them. Sears and Kmart realize they 

have a core competency of retail and not manufacturing. Skil has a core competency of 

manufacturing tools. Private labeling benefits the manufacturer by utilizing excess capacity, 

strengthening relationships (Hoch, 1996), increasing manufacturing experience, and reducing 

manufacturing and logistics costs (Quelch & Harding, 1996). Retail outlets find benefits of 

private labeling by differentiating merchandise (Reda, 2002) as well as building store loyalty 

(Collins-Dodd & Lindley, 2003). In general, there is view by the consumer that the private label 

brand is of lower quality than the national brand (Cheng et al., 2007). 

 The studies of common platform, modular design, and private labeling are all relevant to 

the current dissertation study. Quality is listed throughout the literature as one of the main 

driving factors towards utilizing common platform and modular design. In cases of private 

labeling consumers have a perceived view that the store brand is of lower quality then the name 

brand product although the manufacturing and specifications may be exactly the same. The 

studies listed note that quality is an advantage of common platform and modular design, but fails 

to provide explicit results to support this theory. One of the goals of this dissertation is to verify 

if common platform products do have comparable quality ratings as is popularly assumed. In the 

case of private label goods were the literature suggests that name brand quality is higher this 

study did determine if branding is a strong signal of quality in dishwasher appliances.    
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Warranty Rates 

Warranties can be enacted in many different ways (Blischke & Murthy, 1991). Due to the 

possible variations a complete list is nearly impossible with over thirty listed by Blischke and 

Murthy (1996). There are complete refunds, but this is most common as a marketing method. For 

consumer products one method of categorizing warranties is by the variables the warranty is 

based upon. A one dimensional warranty is when the product is limited by a single variable such 

as time or usage (Murthy & Blischke, 2010). Two dimensional warranties are limited by two 

variables such as an auto warranty with time of three years or duration of thirty six thousand 

miles.  

Another method of categorizing warranties is by the method of warranty remedy. Partial 

refunds based on time or usage along with replacement at reduced cost based on time in service 

is common with automobile tires. Item repair or replacement within a time frame is common on 

consumer durable products like appliances or automobiles. Items with repair warranties may 

create an extension of the original warranty if a part is repaired or replaced creating a more 

complex warranty model. Other complications involve the same product class with different 

warranty fulfillment based on failure type or customer intervention. Warranty fulfillment on a 

dishwasher with a broken rack may be a part replacement. The same model dishwasher that 

causes consumer damage may be completely replaced to satisfy a customer or avoid legal 

complications.  

Warranty claim models are generally based on a Poison, Weibull, or Log normal models 

(Ion, Petkova, Peeters, & Sander, 2007; Lu, 1998; Zhang, Sun, & Gough, 2010). This is feasible 

because failures occur in a random manner based on the assumption that the product is properly 
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designed, manufactured, and tested (Thomas, 2006). The distribution of warranty claims 

approaches the Poison distribution below when certain conditions are met: 

 (     )  
   
 

  
      

i = months since product production 

j = Months since product entered service 

This case is valid as the number of products is large relative to the number of claims. 

A manufacturer that decides to offer a warranty needs to have a prediction of the 

expected value that the warranty will bring. A warranty that is too long will encompass too many 

failures and not be cost effective for the manufacturer. A short warranty may be not offer the 

consumer incentive to purchase the product, even though the manufacturer has low warranty 

costing. To be profitable a manufacturer must pick a warranty policy then predict the expected 

value for the warranty type, cost, and benefit. Several authors have proposed warranty prediction 

equations including Polatoglu (1995) and Chen (1991) building off of the work by Balcer and 

Sahin (1986). Thomas (2005) gives equations for three common warranty types: free 

replacement warranty (FRW), prorate replacement (PRW), and combined FRW/PRW. The FRW 

is the most common. By Thomas (2005) definition FRW extends to full replacement scenarios as 

well as partial part repair on large ticket items like automobiles and appliances. The duration on 

FRW warranties may be in time or usage amount (cycles, miles, engine hours, etc). Sahin and 

Polatoglu (1998) notes that the FRW may induce a customer moral hazard or the tendency for a 

customer to misuse or neglect maintenance on the product knowing that a full repair will be 

covered by the manufacturer.  The expected unit cost can be calculated from a probability 

density function F(t) 
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E[X] = expected unit cost 

c = unit warranty cost to the manufacturer 

f(t) = cumulative density function of T 

 

In cases where it is not feasible to repair a product to original condition a prorated warranty is 

often applied such as with tires. Both the PRW and the FRW/PRW warranty have some effect of 

reducing customer moral hazard as the customer bears some of the responsibility for the repairs. 

In the case of tires a PRW gives the customer incentive to keep the tires balanced and rotated to 

maximize the service life and minimize the customer cost.  
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w = warranty time 

This FRW/PRW, also known as a combination warranty, has a strong promotional appeal. In 

cases where a new technology is introduced, or an upgraded technology to an established product 

type is introduced the combination warranty is very appealing (Sahin & Polatoglu, 1998). Most 

often the free replacement duration is short so that the supplier may minimize the customer 

moral hazard, but still create product loyalty. A FRW/PRW warranty policy has an expected unit 

cost equation of  
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Several cases of customer moral hazard have been mentioned, but there are instances that 

where manufacturer moral hazard may be common. In cases of renewing warranty, or when a 

repair is made the warranty resets to original duration, there is a customer moral hazard to create 

a new failure and extend the warranty indefinitely. In cases of non-renewing warranties, a repair 

does not reset the original warranty, the manufacturer has a moral hazard (Sahin & Polatoglu, 

1998). Cases of non-renewing warranties may allow a manufacturer to do a minimal repair or use 

less adequate (reworked or refurbished) parts on a repair to reduce warranty costs.  

Sharma (2008) approaches warranty costing from a reliability and quality engineering 

standpoint. In his dissertation work Sharma argues that the work of Taguchi (Taguchi, 

Chowdhury, & Taguchi, 1999; Taguchi, Chowdhury, & Wu, 2004) and the Taguchi quality loss 

function is valid, but not in cases of warranty loss. In order to predict warranty costing the 

customer expectation must be factored into the input of the quality loss function. Starting with 

Taguchi’s work as a base Sharma (2008) created warranty prediction models that encompass 

customer expectations for cases when customers desire smaller-the-better, nominal-the-better, 

and larger-the-better. Detail of the equations may be found in Sharma (2008). The warranty cost 

equation for a nominal-the-better, Sharma (2008) Eqn 4.64, is given as an example to 

demonstrate the variables considered and required: 
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WC = Warranty Cost 

Tp = Amount of production 

ω = Complaint Factor 
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κ = repair costs 

y* = restrictive values of the complaint mean performance 

σc = Standard deviation of customer expectation 

σp = Standard deviation of product performance 

 The work of Sharma (2008) focused on industrial products as noted in case studies of 

gear housing, bearings, and solar panels. In these circumstances the customer expectations are 

basically defined and the reliability metrics such as MTTF are easier to interpret due to lower 

noise variables from assemblies. In the case of assembly interactions that cause failures, such as 

machines, tolerances need to be taken into consideration. In order to be effective this equation 

requires an amount of historical or test data such as complaint factor and repair costs. Although 

useful and worthy of study this data is not directly translatable to the current dissertation study.  

Extended warranties or service contracts are contracts that are enacted either after or 

extraneous to a manufacturer’s warranty. There are many types of extended warranties and 

service contracts and they may be offered by manufacturer, seller, or third party independent of 

the original seller and manufacturer. These extended warranties and service contracts may be 

offered at the time of the original sale or when the original warranty has ended. This type of 

warranty is extremely lucrative for sellers. In 2007 Best Buy Electronics reported that 57% of 

their profit was generated from sales of extended warranties (Karp, 2008). The cost of the 

extended warranty or service contract is external to the product purchase price. In practice 

extended warranty or service contract can work the same as other warranties and is considered 

the same in the literature (Sahin & Polatoglu, 1998). 

Warranty rates have been shown to be a market signal on the quality of a product. The 

type and coverage of the warranty has been shown to affect the warranty costs of the product 
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manufacturer. In the case of this dissertation the warranty type of dishwashers is a free 

replacement warranty, where the unit or part is replaced and the product is returned to original 

working condition. A brief background on the major types of warranties and costing equations is 

given to provide information on the extent of warranty simulation research available. In the case 

of this dissertation both brands under comparison offer similar length FRW warranties and the 

warranty had negligible signaling effect in this study.   

Methods of Reducing Warranty Costs 

There are several methods of reducing warranty costing, but the five most common are 

(Kakouro et al., 2003; Murthy & DJamaludin, 2002): 

 Improve reliability 

 Better quality control 

 Optimal servicing strategy (repair versus replace) 

 Monitoring warranty claims – prevention of fraud 

 Effective management of warranty logistics 

Methods of improving quality control to reduce warranty costing include reducing lot 

size  (Djamaludin, Murthy, & Wilson, 1994; Porteus, 1986), burn in programs (Nguyen & 

Murthy, 1982; Thomas, 2006), and upgrades to manufacturing processes. Studies on lot size 

reduction found that some production quality decreased as lot size increased due to tooling or 

machine wear. Machine tools such as grinders and lathes have tooling that wears and requires 

replacement to maintain within specification production. The cost of non-conformance versus the 

cost of bringing the tool back into original condition should be balanced when considering lot 

sizes. Burn-in programs are meant to determine infant or initial failures. Power tools are often 

run for a short duration after assembly to set the gears and motors into place before shipping to 



35 

customers for use. Ovens may be run through a self clean at the factory to verify the product can 

survive the harshest cycle before shipment. Upgrades to machinery or production processes may 

also be used to improve quality and reduce warranty cost.  

There has been a historical assumption that consumers relate product cost as a direct 

signal of the product reliability. A higher cost product is less prone to failure, and for the 

manufacturer the warranty costing will be lower.  Rao and Monroe (1989) cite Scitovsky 

Scitovsky (1945) with the logic of correlating price with reliability. If the market is acting in a 

free market state then it is natural to assume that the highest reliability products will be the most 

desirable and thus by the highest cost based on simple supply and demand. Leavitt (1954) tested 

this hypothesis and was unable to prove this theory (Rao & Monroe, 1989). Since the Leavitt 

(1954) study it is accepted that price is not a signal of reliability and equally manufacturers 

cannot count on lower warranty costing with higher priced goods.  

Warranty types and applications may also be effective at reducing cost and maintaining 

market share. Chien (2008) builds on the work of Blischke and Murthy (1996) by offering a 

hybrid of the renewing free replacement warranty (RFRW). In the case of the RFRW if a product 

is not easily or quickly repaired upon failure the product is replaced with a warranty equal to the 

original product. Automotive parts like starters and alternators are examples of this as well as 

consumer products like MP3 players and cell phones. In the case of business this is not an ideal 

scenario because the product could continue to fail and be under warranty indefinitely. In general 

consumers prefer a new product to replace a failed product. Manufactures prefer a refurbished or 

remanufactured product because it is less costly. The proposal by Chien (2008) is provide a 

refurbished unit at the first failure and a rebate on the second failure. This scenario provides the 

customer with less risk that if the second repair fails they are able to purchase a “new” 
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replacement. Cost to the manufacturer is reduced by allowing the manufacturer to stock less new 

parts and repair and reuse old parts.  

Murthy, Djamaludin, and Wilson (1995) propose a hybrid warranty strategy that seeks to 

reduce cost by maintaining market share in cases where manufacturing fliers are existent. This 

model proposes two warranty options to the consumer: a 100% money back guarantee or a same 

manufacturer repair with a partial refund if the failure is in the early time period. By offering a 

partial refund the manufacturer is attempting to keep a customer from moving to a different 

manufacturer and regain brand loyalty. The model is limited by the assumption of consumer 

reaction to failures. The authors note that there is room for refinement in this area of the model.   

The timing of failures has an effect on the customer perception of a product (Lassar, 

Folkes, Grewal, & Costley, 1998). Consumers have a more negative perception of products when 

failures occur either early in the warranty or soon after the warranty has expired. Failures that 

occur late in the warranty or after the warranty expires are not perceived as negatively by 

consumers. Jack and Murthy (2004) propose that to maintain customer satisfaction an early 

failure should result in a product overhaul and not just repair. They also suggest that multiple 

repairs in warranty are an indication that a product should be overhauled. This strategy enables a 

product to perform fault free longer after the warranty has expired and leave the consumer with a 

favorable product impression.  

Consumer dissatisfaction may relate to increase warranty costing, affect future sales, or 

both. Some methods of improving customer perception of a product and potentially reducing 

warranty costing include creating realistic customer expectation (Folkes, 1994; Oliver & 

DeSarbo, 1988) and responsive complaint handling. Studies have found there is limited ability to 

react to complaints because it is more common that customers do not complain directly to the 
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company (Bearden & Teel, 1983; Richins, 1983; Singh, 1988). Other studies have shown 

consumers first complain to peers, creating bad word of mouth, before seeking assistance from 

the company. Warranties are a method of responsive complaint handling. When a consumer feels 

they have assurance (a warranty) that the company will resolve the issue they are more inclined 

to first address the company. This method avoids the spread of bad word of mouth within peer 

groups. Creating realistic customer expectations can be achieved through marketing, advertising, 

and warranties. Expressed warranties that spell out the intended use of a product and the 

limitations are used to create realistic customer expectations as well as protect the manufacturer 

from customer misuse.  

   Warranty, like scrap and rework, is a business waste that causes loss of profits and 

resources. All businesses that offer a warranty are also working to reduce or improve warranty 

costs. The literature confirms that there are cases that warranty costing is due to customer 

expectation of the product performance or feature content. Studies in the American automotive 

market have shown that brands have perceived quality levels that are unsupported by objective 

quality (Akdemiz, 2009). Warranty improvement techniques and measures will be shared across 

common platforms in the cases that products are manufactured in the same facilities. In the case 

of this dissertation warranty improvement is continuous, but will be common to both brands. Due 

to this similar warranty improvement, product improvements are not considered to be a variable 

for this study.  

Cost of Quality in Product Planning 

This section introduces methods used to evaluate warranty rates and how warranty rate is 

factored into the cost of the product at the design stage. Products can be defined in four 

categories (Murthy, 2006): 
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Consumer non-durable – Low cost, low complexity commodity type products. Items such 

as food or clothing fall into this category. Purchased by individuals as single items or in lots. 

Consumer durable – Large ticket, high complexity items that are purchased by 

individuals in an individual manner. Items such as dishwashers, cars, computers, and appliances. 

Industrial and Commercial Products – Items that are purchased by businesses to provide 

further business or service. These items are often specified for purchase in a detailed manner.  

Government – Most often customer built products like airplanes or tanks. There is a 

limited number of purchasing options and are highly specified. 

Warranty cost predictions fall under different models: product refund, product 

replacement, product repair - single, and product repair – multiple. In the case of a consumer 

durable product like a dishwasher all of these scenarios are possible depending on the 

manufacturer. Hybrid scenarios of product repair – multiple leading to product replacement is 

possible depending on consumer pressure to the manufacturer and specific legal precedent. In 

order to generate  warranty cost models data is required: test data, claims data, data on similar 

products, part and component data, vendor data, and subjective data (Blischke & Murthy, 1996). 

Although literature and modeling methods are available it is more common for warranty 

predictions to be based on a seat of pants method or conservative estimates (Murthy, 2006). In 

the majority of cases warranties are either far below the expected life or costs are raised to cover 

expected warranty claims.  

Reliability Models 

    Warranty costing is tied very directly to the reliability of the product or service 

(Murthy, 2006). As the product design improves the warranty costs reduce. A model of the 

cumulative failure distribution for the first time to failure (Huang, Liu, & Murthy, 2007): 
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θ = Reliability parameter (the smaller the greater the reliability) 

F(t,θ) = Cumulative distribution function for the first time to failure 

f(t,θ) = Probability density function of F(t,θ) 

Blichke and Murthy (1996) developed three reliability parameters based on the repair type: 

Product replacement – If a dishwasher fails it is replaced with an entirely new dishwasher 
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M(t,θ) = Renewal function of F(t,θ) 

Product repair with similar part – If a dishwasher fails it is repaired with an upgraded part. 

Assume repair time is negligible. 

  (   )   (   )   ∫   (     ) (   )  
 

 

  

Md(t,θ) = Delayed renewal function of F(t,θ) 

MG(_) = Ordinary renewal function of G(t,θ) 

Product repair with minimal repair – If a dishwasher fails it is repaired with the same part and 

nothing else changed.  

 (   )  ∫  (   )  
 

 

  

S(t,θ) = Expected failures of an item over interval [0,t) 

r(t,θ) = hazard function of F(t,θ) 

These equations predict product reliability and can be used as the baselines for warranty cost 

calculations. 
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Customer Perception of Warranty and Failures 

Marketers have historically used warranty terms as a method to distinguish between 

products of low and high quality (Erevelles et al., 1994; Kelley, 1988; VandenPoel & Leunis, 

1995). This is a common practice among many products from large ticket items like a cars and 

appliances to small items like light bulbs. There is not a definitive answer that better warranty 

terms equal a better product for the consumer. Spence (1977) hypothesizes that warranty is a 

marketing signal of reliability because warranties are expensive for the manufacturer and thus 

product price correlates directly to product reliability. In the case where price is recognized as a 

reliability signal; manufacturers will raise price until the signal becomes no longer recognized by 

the consumers. Agrawal et al. (1996), did a study to try to determine if a better warranty did 

equate to a better product. The study presented three hypothesis related to product reliability: 

market penetration, variance within product class, and maturity of product class. Presented in the 

literature review of Agrawal et al. (1996) is the conclusion that consumers do view products with 

greater warranty to be of greater reliability (Bearden & Shimp, 1982; Boulding & Kirmani, 1993; 

DoC, 1992; Shimp & Bearden, 1982). Agrawal et al. (1996) found mixed results to support 

warranty is a strong indicator of reliability. Some studies indicated that warranties lead to 

separating equilibrium and warranty is a good indicator of product reliability. Spence (1977) as 

cited by Agrawal et al. (1996) has modeled that separating equilibrium is effective because lower 

reliability producers cannot afford the repairs and maintain the same warranty of higher 

reliability producers. Conversely, as cited by Agrawal et al. (1996) Akerlof (1970) proposes 

pooling equilibrium. In pooling equilibrium the lower reliability producer matches the higher 

reliability producer warranty. The lower reliability producer can match warranty terms when 
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they have no intention of meeting warranty claims or consider the risk of consumers claiming 

warranties to be low. When all warranty is equal there is no reliability signal to the consumer.  

Due to the conflicting results of the literature review; Agrawal et al. (1996) concluded 

that a broad statement about warranty and reliability correlation could not be made. Due to this 

the authors chose to segregate warranty information into three classes and verify if there is a 

warranty and reliability correlation at these levels. The study data was collected from publicly 

available warranty surveys from consumer reports magazine. The first hypothesis was that the 

greater the market penetration the greater the relationship between warranty and reliability. 

Market penetration was accumulated from Appliance magazine, an industry specific magazine 

that reports trends among appliances including percentage of US homes with specific classes of 

appliances. The authors concluded that as the market penetration of a product increases so does 

the relationship between warranty and reliability. At the time of the study 73% of homes had a 

washing machine. Washing machines with better warranty correlated to lower repairs and greater 

reliability. In situations where there is truly reliability differences between brands, there is a 

positive correlation between warranty and reliability. Cases where new products enter a market 

with a comparatively low warranty the product is likely low reliability as well. Products that are 

mature have lower correlations between warranty and reliability. This may be due more to stable 

technologies that are shared by multiple producers and reduce reliability issues. Agrawal et al. 

(1996) conclude that products that use warranty most often to signal consumers are emerging 

technologies and in these cases (low market penetration, low brand differentiation, and low 

maturity) warranty and reliability are the least correlated.  

Studies have been carried out to determine if the purchase location or method has an 

effect on consumer’s perception of quality and how does warranty interact with these variables. 
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Reputation of a store directly effects the consumer perception of product risk. A store that is 

perceived to sell higher quality merchandise is perceived to be reputable and a warranty is 

effective in acting as a positive marketing inducement. In stores that are not perceived to have 

good reputation, a warranty is actually a negative marketing inducement (Purohit & Srivastava, 

2001; Shimp & Bearden, 1982).  

The literature supports that both brand name and seller reputation have a positive effect 

on consumer perception of quality. Further warranty is not an indicator of quality perception at 

stores and brand names that have low quality perception, but is effective if the store and brand 

name has a high quality perception. Purohit and Srivastava (2001) tested the link between brand, 

retailer, and warranty on consumer quality perception. The study findings were consistent with 

earlier studies. The study results did indicate that a good retailer reputation created a signaling 

effect for a manufacturer with a poor reputation. As described by Purohit and Srivastava (2001) a 

warranty from a manufacturer with a poor reputation selling direct will be unable to create a 

signaling effect by changing the warranty. In the case of a poor manufacturer selling through a 

retailer with a good reputation the warranty terms will be effective as a signaling measure.  

Previous to other literature Purohit and Srivastava (2001) chose to evaluate the effect of 

multiple selling scenarios, or cues, on the effect of quality judgment. To give the data a practical 

application the cues have been divided in two broad categories: high and low scope. A high 

scope cue is not easy to manipulate. Change to a high scope cue will require time and investment 

such as manufacturer reputation. Low scope cues like price or warranty are easy to manipulate. If 

a high scope cue is not effective at signaling quality and requires significant resources to change 

then a business is better off to not attempt to manipulate that cue. In contrast, low scope cues 

may be manipulated easily and have a high signal effect. Low scope cues should be utilized for 



43 

business advantage. The practical aspects of the (Purohit & Srivastava, 2001) research shows 

that a brand with poor reputation can still use low scope cues effectively if they market through a 

high reputation retailer. In the case of Brand A and B dishwashers all sales are through retailers 

and potentially applicable to the (Purohit & Srivastava, 2001) finding.  

As retailing has grown from traditional brick and morter to an increasing share of internet 

purchases, Lwin and Williams (2006) conducted a study to find the reaction of consumers to 

warranties related to internet shopping. Lwin and Williams (2006) used brand name as one of the 

variables of the warranty study. In the study by Lwin and Williams (2006) it is cited that brand 

name is used to reduce purchase risk by consumers and that a strong brand name is signal of 

quality (Grewal, Krishnan, Baker, & Borin, 1998; Keller, 2002; Purohit & Srivastava, 2001; Rao 

& Monroe, 1989).  

The results from the Lwin and Williams (2006) study show that a strong brand name is an 

indicator alone. This means that for online purchasing the warranty terms is not an additional 

inducement to purchase or not purchase a product. A strong brand name will sell itself without a 

warranty in an online setting. Additionally, if a website has a strong reputation the warranty 

terms enhance the consumer perception. For websites that have weak reputations the warranty 

does not act as a consumer signal in a positive or negative manner. This study is limited to 

warranty and differentiated from the Agrawal et al. (1996) study which focuses on reliability. 

Lwin and Williams (2006) study was performed with only cell phones, it is noted that other 

products may not have correlating consumer responses.  

This dissertation is based on two strong brand name appliances. The literature suggests 

that brand name is a strong signal of quality. The study conditions will attempt to support the 

literature that the strong brands names will have similar quality results. Other factors that were 
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not considered in previous studies like price point within brands and this specific product type 

will be considered. Dishwashers are a large ticket item and the reputation of the seller for the 

most part is high reputation. The sales channels are similar for both brands of dishwasher. The 

similar sales channels will allow the seller reputation to be considered a low noise factor and not 

added as a study variable. There is some internet related sales of both brands, but it is minimal. 

In the cases of the internet sales the sellers are of high reputation. Due to the high reputation and 

low internet sales of dishwasher, this was not considered as a study variable.  

Analysis and Correlation of Warranty Data to Product Improvement 

Thomas (2006) states “warranty claims represent quality problems, and, therefore serve 

an important function of providing feedback to manufacturers on product quality.” Feedback on 

quality may come from many sources such as sales or marketing, but warranty claims provide a 

unique insight into the expectations of the end customer use. Warranty feedback provides the 

following four pieces of information (Thomas, 2006). 

 Number of customer complaints 

 Number of warranty claims 

 Average number of warranty defects per unit sold 

 Average warranty costs per unit sold 

Production of a product may be modeled as a system with two time lagging feed backs 

(Thomas, 1998). The first feedback provides information to the production process about the 

product such as internal quality like internal audit failures or statistical process control data. 

The second feedback loop is about the product and involves warranty data, customer surveys, 

and other end user outputs. This second feedback loop provides information to product 

management and the design functions.  
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Yang and Cekecek (2004) argue that when warranty data is collected correctly it is the 

best source of information for product reliability. Warranty data is used to estimate life and 

reliability distributions, cost of warranty period, warranty reserves, and costing of different 

warranty types. Warranty data provides many data types but, Yang and Cekecek (2004) list the 

important information for an automotive example in Table 1: 

 

Table 1 Important Warranty Data Fields 

 Data Description 

1 Serial Number 

2 Production Date 

3 Sale Date 

4 Repair Date 

5 Time (age) of Repair 

6 Mile (usage) of repair 

7 Part Number 

8 Repair Cost 

9 Labor Cost 

10 Part Cost 

11 Repair Time 

 

This data can be used to correlate a reliability figure by finding the ratio of time in service to 

number of failures 
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⁄  

T = Number of months from the first vehicle sold 

t =  months elapsed from 0 to T 

S(t)T = Number of vehicles sold in month t by month T 

n(t)T = The number of claims at month t in service by month T 

 

Repair costing per component can be estimated from the data collected from average repair cost. 

     ∑   
   

∑ ( ) 
   

⁄  

CRk = Average repair cost of component k 

Ckl = repair cost of component k in claim l 

n(t)T = The number of claims at month t in service by month T 

The repair costing and reliability is relative to the amount of function that is lost due to the 

failure of the component. Some minor failures lead to a minor loss of function while other 

seemingly minor components may fail and lead to catastrophic loss of function. The wheel on a 

dishwasher rack that fails requires more effort to slide the rack, but it is not a catastrophic loss of 

function. A spring on dishwasher detergent dispenser that fails will result in dishes not getting 

clean and thus a major loss of function.  

   ( )     ( )       ( )∑       

 

   

 

pk(t) = Probability of failure of the kth component by time t 

CRk = Average repair cost of component k 

CFRi = Cost of losing the ith function 
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cik = kth component failure affects the ith functional requirement 

Yang and Cekecek (2004) demonstrate, in an automotive example, which by evaluating the time 

between failures, cost of component repair, and loss of function per component a quantitative 

method to prioritize investigation of warranties can be generated. This method acknowledges 

that resources for analysis and improvement are scarce and should be implemented in a logical 

manner that produces the best return on investment.  

Customer Warranty Redemption Behaviors 

Mahi (2002) did a study that attempted to understand the factors that affect a customer’s 

behavior towards warranty redemption. The focus was on consumer goods that qualified for a 

free replacement type warranty (FRW). This study segregated returns into breakdown related and 

non-breakdown related (or breakdown unrelated).  A non-breakdown related failure is warranty 

redemption for an issue that is not truly a failure and would be considered a consumer moral 

hazard. Cases of non-breakdown related failures are common in consumer goods when there is a 

very generous return policy like” no questions ask, money back guarantee.” Four main factors 

were evaluated as motivators in product warranty: consumer quality sensitivity, consumer 

opportunity of time, product maintenance effort, and product price.  

The study design was a 2 X 3 X 2 multi factor with data collection from college students 

over an internet based survey. This format was repeated on two different products. One product 

was denim jeans where additional consumer care did not affect quality (substitute). Leather shoes 

were used as the second test subject because consumer care does affect the quality 

(complement). These products were selected because both are often subject to liberal return 

policies that have high risk of consumer moral hazard. The test levels were set with opportunity 



48 

costs of time (high/low), quality sensitivity (high, medium, low), and price levels (medium/high). 

A sample size of 216 was deemed appropriate for the significance level desired for the study.  

Quality sensitivity was viewed from the role of the individual and in this case could be 

deemed as highly subjective. The authors pre-experiment testing found that the original two level 

of quality testing needed to be expanded to three levels to better test the study hypothesis. In the 

case of this study it was hypothesized that a highly quality sensitive individual would be willing 

to pay more for better warranty, and also have higher expectation of the product. In this case it 

was hypothesized that the highly quality sensitive individual would be more inclined to redeem 

product warranty.  The study results showed that in the case of product breakdown there was not 

a significant difference between warranty redemption of any of the quality sensitive consumer 

levels. When the warranty redemption was unrelated to a product breakdown there was a 

difference in the quality sensitive groups. As the consumer quality sensitivity increased there was 

a corresponding rise in the non-breakdown related warranty redemption.  

Opportunity costs of time are based on the amount of time an individual has in their 

lifestyle and not based on getting anything specifically accomplished. This measure is somewhat 

self-imposed in that the individual defines being “busy.” The results for opportunity costs of time 

were similar to the results from the quality sensitivity. Warranty redemption behavior is similar 

when it is a breakdown related claim. In the case of a non-breakdown related warranty 

redemption the more the opportunity cost the lower the redemption rate. As individuals perceive 

themselves to be busier they are less likely to use their time on product warranty redemption 

especially when the failure is still functioning. In relation to dishwasher warranty redemption 

opportunity cost of time may be significant. Warranty redemption for appliances requires a 

sacrifice of time to meet a service person and redeem the repair. Those that consider themselves 
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busy may be unwilling to redeem a warranty on a minor or annoyance issue. The data collected 

for this study is unable to determine if the redemption was from a busy or non-busy customer. 

Future research may address the variable of opportunity cost of time related to appliance 

warranty redemption.  

The 2 X 3 X 2 study was performed with a high and low maintenance product. A pair of 

leather shoes was high maintenance due to care required for best life and appearance. Denim 

jeans that require low maintenance were selected as the second product. There was a significant 

effect found on the breakdown related warranty redemption in the case of maintenance level. In 

the case of non-breakdown warranty redemption an increase in maintenance corresponded to an 

increase in warranty redemption. Unlike the other test variables breakdown related warranty 

increased with maintenance level. It was theorized by the author that this was due to a consumer 

perceiving more personal investment in the product and an increased product expectation leading 

to increased warranty redemption. 

Product price was found to be insignificant related to warranty redemption on the low 

cost item. On the high price product there was an increase in redemption in the scenario that the 

product was high maintenance. In all other cases the effect of price was not significant. The 

author theorizes that high price is an incentive to redeem warranty benefits for a consumer that 

fails to perform maintenance.  

The general results of the study found that the high maintenance product (shoes) had 

higher breakdown redemption then the low maintenance product (denim). For both maintenance 

types an increase in consumer quality sensitivity or decrease in opportunity cost of time (people 

that feel they have more free time) led to an increase in non-breakdown warranty redemption. 
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The breakdown warranty redemption was not affected by these variables. The only significant 

effect of price is an increase in breakdown related failures on high maintenance items. 

The implications of this study related to the dissertation topic are significant. Mahi (2002) 

considered using appliances as a topic, but due to the costing it was felt that college students may 

be influenced by the high prices of an appliance. In the study an appliance was considered to be 

low maintenance. For this dissertation the study results for low maintenance products can be 

taken into consideration for the dissertation hypothesis. The study showed that price level did not 

have an influence on warranty redemption, but for higher cost items like dishwashers it is not 

guaranteed that this is the case and warrants study due to the amount of warranty cost in 

servicing appliances.  

Summary of Review of Literature 

The review of literature for this study has given a history and summary of current studies 

on warranty and quality. Main terminology of the study such as warranty, customer perception, 

failure types, and common platforms was reviewed based on recent topical studies. Warranty 

prediction formulas were discussed in regards to the most practical applications. Studies on the 

effect of customer perception and behaviors were reviewed in this section. Literature on the 

effect of brand name and reputation being a strong indicator of quality were found to have 

conflicting results. The conflicting study results indicate that there is a benefit to studying the 

parameters of this research as suggested.  
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CHAPTER 3 

 

METHODOLOGY 

This section outlined and detailed the methodology behind the gathering and analysis of 

data to satisfactorily answer the research questions. The purpose of this research study was to 

verify if there were differences in warranty redemption on common platform dishwashers. 

Variables selected to compare within common platforms were brand name, price point, and part 

type replaced.  

Common Platform 

For this research common platform was defined as products that were assembled on the 

same production line.  

Research Questions 

Was there a difference between warranty redemption of common platform, but different 

branded dishwashing appliances? 

Was there a difference in the warranty redemption percentage and part type replaced of 

common platform, but different branded dishwashing appliances? 

Was there a difference in the warranty redemption of common platform, same branded 

dishwashing appliances from different price points? 

Was there a difference in the warranty redemption of common platform, different 

branded dishwashing appliances from same price points? 
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Hypothesis Statements 

1. H01: µ1 = µ2. There was no statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  

HA1: µ1 ≠ µ2. There was a statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  

2. H02: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances.  

HA2: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances. 

3. H03: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

HA3: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

4. H04: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

HA4: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

5. H05: µ1 = µ2. There was no statistical significant difference in the warranty redemption of the 

same brand at different price points 

HA5: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

same brand at different price points.  

6. H06: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

different brands at the same price points 
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HA6: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

different brands at the same price points 

Population of Data 

The United States has many appliances repair groups that range from factory specific for 

larger companies like Whirlpool, large retail stores like Sears, and small independent repair 

personnel. In order to standardize and expedite payment to these various groups a web based 

database has been established to link the servicers and factories for warranty repairs. After a 

servicer has finished a warranty claim they enter the details of the customer claim into the 

database. Claims in the database include customer, model and product information, services 

requested and performed, as well as any parts replaced. The database then notifies the correct 

factory service group who will, review the claim, and pay the servicer directly for the warranty 

repair. All warranty claims for Brand A and B were paid through the database even if a customer 

was not referred to a servicer by the factory. Service requests and services performed are not 

standardized. This lack of standardization leads to cases where it was not clear what repair was 

performed. Parts that are replaced are ordered using a standardized six digit identification 

number created by the manufacturer. An example of a claim can be found in Appendix A.   

The parent company of Brand A and B maintains a database of customer calls and 

complaints, as downloaded monthly from the external repair database. This database includes the 

following data that was partially or fully used in the analysis of data: 

1. Brand 

2. Model 

3. Production Date 

4. Sales Date 
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5. Parts replaced 

6. Other information 

 Brand A and B maintains a separate database internally that contains data of all units 

produced with information on brand, model, and production date.  

Research Question 1 Methodology 

1. Was there a difference between warranty redemption of common platform, but different 

branded dishwashing appliances? 

2. H01: µ1 = µ2 There was no statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  

HA1: µ1 ≠ µ2 There was a statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  

Using the internal production database the production quantities by month and brand for 

the years 2007 through 2010 were assembled in Appendix B. The warranty redemption cases for 

the same variables were assembled from the service database. Percentages of failures were 

generated from the production and service data for both brands as found in Appendix C.  

This research was interested in finding if there was a significant difference in the average 

monthly amount of warranty claims between two different brands. Serial numbers were coded to 

the month of production. When the data was broken into monthly product lots the data created 48 

sample points of each brand for statistical analysis. Statistical analysis was focused on finding 

the warranty claims (failures that occurred within the first year of service) and not the time to 

failure. If this research was interested in comparing the reliability of the two brands testing such 

as comparison of exponential distributions would be appropriate (Kales, 1998; NIST, 2010d). 

The hypothesis of research question 1 allows for statistical analysis similar to the analysis of a 
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production process. Statistical testing followed the steps below to verify the proper statistical 

techniques. 

 Normality testing (Q-Q test, Anderson-Darling) 

 Comparison of variance (F Test, Levene’s test) 

 Comparison of means (Paired T test, 2 Sample T test, Mann-Whitney) 

Normality testing was applied to the data set to determine if parametric or non-parametric 

testing was appropriate. Comparison of means testing is sensitive to the equality or non-equality 

of variance. The comparison of variance testing was utilized to verify the most robust 

comparison of means testing. With an analysis of means the p-value can be calculated for 

comparison of different models by brand. In the case of normal data the Paired T test was a 

robust method of comparing means when there was a natural pairing between two samples 

(NIST, 2010c). Examples of sample pairing would be serialized samples measured before and 

after a process to verify if the process was statistically significant. These dishwashers were 

produced on a common platform in the same time frame (production month). By dividing the 

data into production month and then product branding allows a pairing factor of logical twins to 

contrast against.  

Research Question 2 Methodology 

1. Was there a difference in the warranty redemption percentage and part type replaced of 

common platform, but different branded dishwashing appliances? 

2. H02: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances.  

HA2: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances. 
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3. H03: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

HA3: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

4. H04: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

HA4: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

Using these databases the parts replaced were designated into three general categories: 

electrical, mechanical, and cosmetic. Mechanical were defined as moving and internal or 

external to construction like hinges, pumps, and detergent dispensers. Electrical was defined as 

predominantly non-moving and internal to construction like sensors and controls. Interfaces that 

control electronics like mode selector switches or buttons may have failures of the mechanical 

type (broken, stuck) or electrical type (failure to send signal). Electronics in reliability have 

previously been considered relays, microprocessors, and other solid state equipment per MIL-

HDBK-217E (Kales, 1998). The detail of the failure was dependent on the servicer notes which 

are often no more descriptive then the part replaced. Due to the lack of claim detail; to stay 

consistent in the analysis of these mechanical/electrical parts this study considered the parts to be 

defined as electrical. Cosmetic were external and nonmoving like handles or doors. Each 

replacement part has a unique six digit service number that was used when the service person 

places an order. There were two Brand A and B defined descriptions within the database. One 

description category was from engineering when the part was specified or designed and the 

second was from the quality group. Parts were defined as electrical, mechanical, or cosmetic by 
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the researcher based on both of these categories. Examples of part descriptions for each category 

were given in Table 2. In some limited cases there was no description in either Brand A and B 

category and the value was not counted in the accumulated total. In the case of 2008 less than 

1% of parts had no description. Due to the small number of claims this “no description” was not 

included in the analysis. This data set creates a challenge to convert the data into a form that was 

useful to answer the hypothesis. From the visual statistics it can be estimated there was a greater 

volume (data points) of brand A.  To best answer the hypothesis the data for this research 

question will be only the warranty redemption samples and not the entire population sample this 

data is found in Appendix D. Brand A had a total of 152,249 warranty redemption claims 

analyzed and sorted into the four listed categories from a population of 1,628,550. Brand B had a 

total of 7,651 warranty redemption claims analyzed and sorted into the four listed categories 

from a production population of 45,223. This research question was interested in studying the 

difference in the distribution of the failures types and not the difference in volume of the failures 

types for the two selected brands. To find if there was a significant difference in the mean part 

type warranty redemption data will need to be converted into a percentage of failure by part type 

of the total sample found in Appendix E. With this data the percentage of warranty calls per part 

category by brand was calculated, with an analysis of means and variance the p-value was 

calculated for a comparison of different models by brand. Statistical testing will follow the 

procedure of research question 1. 

 Normality testing (Q-Q test, Anderson-Darling) 

 Comparison of variance (F Test, Levene’s test) 

 Comparison of means (Paired T test, 2 Sample T test, Mann-Whitney) 
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Table 2 Top Ten Parts Replaced by Percentage for Production Year 2008 

Electrical Mechanical Cosmetic 

Control - Operating Module Drain Pump Handle 

Power Junction Dispenser Outer Door 

Wire Harness Filling Valve Lower Rack 

Safety System Door Latch Fascia Panel 

Main Switch Drain Hose Kick Toe Panel 

Water Inlet System Circulation Pump Inner Door 

Water Level System Hinges/Springs Silverware Basket 

Control – power module Other Mechanical Parts Upper Rack 

Control Unit Spray Arm Upper Rack Roller Guide 

Operating Element Rotary Door Seal Flip Tray 

  

Research Question 3 Methodology 

1. Was there a difference in the warranty redemption of common platform, same branded 

dishwashing appliances from different price points? 

2. H05: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

the same brand at different price points 

HA5: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

same brand at different price points.  

Every dishwasher model has a MSRP price. Using the available MSRP data the models were 

separated into two groups: high and low cost found in Appendix F. The percentage of warranty 



59 

claims was calculated and found in Appendix G. In the cases where the model was obsolete a 

similar active model MSRP was substituted. The model numbers were similar enough that an 

estimate of a current model was made from the model number (SKU) and verified with similar 

feature content. It is assumed in this study that all products were sold near the MSRP price. In 

reality the manufacturer can only suggest sale prices and not force retailers to sell products at a 

certain price. It was not possible to find the actual sale price of each product or account for retail 

price changes like sales or end of model clearance mark downs. This study assumed that the 

price ranges between retailers was not enough to shift the overall study conclusions. The high 

group was made of products with a MSRP cost above $1200 and the low group was models with 

a MSRP below $1200. Statistical testing will follow the procedure outlined in research question 

1.  

 Normality testing (Q-Q test, Anderson-Darling) 

 Comparison of variance (F Test, Levene’s test) 

 Comparison of means (Paired T test, 2 Sample T test, Mann-Whitney) 

Research Question 4 Methodology 

1. Was there a difference in the warranty redemption of common platform, different 

branded dishwashing appliances from same price points? 

2. H06: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

different brands at the same price points 

HA6: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

different brands at the same price points    
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The data in question 3 was reanalyzed to compare the high cost group of each brand and 

then the low cost group of each brand. Statistical testing will follow the procedure outlined in 

research question 1. 

 Normality testing (Q-Q test, Anderson-Darling) 

 Comparison of variance (F Test, Levene’s test) 

 Comparison of means (Paired T test, 2 Sample T test, Mann-Whitney) 

Population and Sampling 

The data was generated from two sources: internal Brand A and B production data and 

external customer warranty claim data. Brand A and B production data was scheduled and 

tracked through an automated resources planning system under the brand name “SAP.” Location 

transactions including shipping were fully automated. Production data was robust. External 

customer warranty data was dependent on the abilities of the customer and the servicer. All data 

coded into the database was done manually. Coding was dependent on the ability of the customer 

to have the information available (model, serial number, etc), and the servicer to enter the data 

correctly. In cases where production date information was not available, that service call was 

removed from the percentage of failures calculation. Due to the time frame (claims occurred 

years in the past) it was not feasible to verify specific claims or manually correct any date codes.   

The population was limited to Brand A and B customers in the United States and Canada. 

Production time frame was units produced from 2007 to 2010. Warranty was covered under the 

first year of use. Brand A and B has no control over the product once it has left the factory, but it 

was assumed the product was sold to the end consumer within six months of production. This 

study assumes that all warranty potential was exhausted eighteen months after the production 
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date. Total production population was found to be 1,673,773 with total reported warranty 

redemption claims within the population found to be 159,900 claims.  

Variables 

This study addressed the following research variables:  

Brand – The products were divided into two-levels of independent branding: A or B 

Price - The products were divided into two-levels of price: High or Low 

Parts – Part failures were divided into three levels of possible part failures: Mechanical, 

Electrical, or Cosmetic.  

Summary 

The methodology section details the method of gathering and analyzing the data required 

to answer the research questions. Overall this study was interested in determining if there was a 

significant difference in the failure rates between common platform different branded 

dishwashers. Data from the study was manufacturing production data and customer warranty 

claims.  Statistical analysis included verification of normality, tests of variance, and tests of 

means. Population of data was from dishwashers produced from 2007 to 2010 and sold in the 

United States and Canada. This study was focused on the variables of brand, price, and parts.
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CHAPTER 4 

 

RESULTS 

This chapter will outline and detail the results found from the data gathered using the 

methods detailed in chapter 3. Results in this section were the foundation for the conclusions in 

chapter 5 used to satisfactorily answer the research questions. The purpose of this research study 

was to verify if there were differences in warranty redemption on common platform dishwashers. 

Variables selected to compare within a common platform were brand name, price point, and part 

type replaced. 1. Verify if common platform dishwashers of different brand names have different 

customer warranty redemption. 2. Verify if the percentage of customer warranty redemption of 

different part categories was similar between brands. 3. For common platform dishwashers was 

there a difference in warranty redemption between same brand and different price point 

dishwashers. 4. For common platform dishwashers was there a difference in warranty 

redemption between different brand and same price point dishwashers.  

The results were organized into four sections that detail the test results for each of the 

research questions. Each of the four sections was divided into subsections that organize the 

support of the assumptions leading to the research question hypothesis tests. Each hypothesis test 

was the output used to produce the final research question conclusions in chapter 5.   
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Research Question 1 

Was there a difference between warranty redemption of common platform, but different 

branded dishwashing appliances? 

Research question 1: Was there a difference in the warranty percentage of different 

brand, but common platform products. Production volumes and warranty claims by month were 

accumulated for production from 2007 to 2010 as described in chapter 3 and listed in Appendix 

B. Percentages of failures were calculated by month for each brand as found in Appendix C.  

Normality Analysis 

To test the hypothesis that the failure rate percentages were different the data was first 

tested for normality. Warranty % A data was plotted on a Q-Q probability plot in Figure 1. A 

linear trend line and coefficient of correlation was found to be R
2
 = 0.9185.  The hypothesis test 

for normality was defined at the 5% significance as:  

H01: R
2
 > Rcrit  The data was from a population with a normal distribution. 

HA1: R
2
 =< Rcrit  The data was not from a population with a normal distribution. 

From the table of critical values of the normal probability plot correlation coefficient the Rcrit 

was found to be 0.9748 (NIST, 2010b). R
2
 was not greater than the Rcrit and the conclusion was 

to reject the null; this data cannot be modeled as normal. A second test of normality was 

calculated by the Anderson-Darling method using the minitab statistical package. All minitab 

output for this research question can be found in Appendix H. Warranty % A was found to have 

a p-value of 0.006. Separate normality tests failed to accept the hypothesis that the data was 

normal. Further testing will be verified through non-parametric methods like the Mann-Whitney 

analysis of means.   
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Figure 1: Normal Probability Plots of Warranty Failures per Month for Brand A & B 

 

Warranty % B data was plotted on a normal probability plot in Figure 1. A linear trend 

line and coefficient of correlation was found to be R
2
 = 0.9277.  The hypothesis test of data was 

repeated to verify normality of Warranty % B data. From the table of critical values of the 

normal probability plot correlation coefficient the Rcrit was found to be 0.9748 (NIST, 2010b). 

The R
2
 was not greater than the Rcrit and the null was rejected. Using the Anderson-Darling 

method in minitab the Warranty % B was found to have a p-value below 0.001. This data cannot 

be modeled as normal. Further testing was verified through non-parametric methods like the 

Mann-Whitney analysis of means. 

Variance Analysis 

The hypothesis question of this section was to determine if separate branding caused a 

different mean instance of warranty claims when products were otherwise similar. Options to test 

for the difference in means include the Mann-Whitney, 2 Sample T, and the Paired T test. Mann-

Whitney testing was more robust on data with unequal variance compared to a 2 Sample T test. 

Developers of minitab state that based on the works of  Pearson, Barlett, Geary, Welch, and 

Horsnell using normal data for a 2 Sample T test was not critical and the assumption of variance 

was not critical if the sample sizes were equal (Minitab, 2010).   Paired T testing was robust on 

R² = 0.9185
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data that was “twins” or before and after data sets (NIST, 2010c). As detailed in the methodology 

section this data set has been organized as common platform by month qualifying as twins or a 

matched data set. Variance may be tested using an F test (for normal data) or Levene’s test (non-

normal data). Warranty % A and B were both found to be non-normal. The F test was less robust 

on non-normal data; both variance tests were calculated using minitab. The hypothesis test for 

normality was defined at the 5% significance as: 

H01: Pcalc > Pcrit. The variance of Warranty % A was similar to the variance of Warranty % B. 

HA1: Pcalc =< Pcrit The variance of Warranty % A was not similar to the variance of Warranty 

% B. 

 

Table 3 Summary of Variance Test Warranty Failures Percentages A vs. B 

 F Test Levene’s 

P-value 0.000 0.001 

Null Hypothesis Reject Reject 

 

Calculated p-values of the F and Levene’s test were summarized in Table 3. At the 5% 

significance level the Pcrit = 0.05. The data indicates to reject the null and conclude that the 

sample variances were not similar. Warranty % A and B had non-similar variance and in this 

case it was best to verify the 2 Sample T, and Paired T test correlates with the results of the 

Mann-Whitney test.  

Research Question 1 Analysis  

H01: µ1 = µ2. There was not a statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  
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HA1: µ1 ≠ µ2. There was a statistical significant difference in the percentage of warranty 

redemption of different branded appliances.  

The hypothesis was tested at the 5% significance level with a Tcrit of 2.943 (NIST, 

2010a). Using minitab the descriptive statistics were presented in Table 4. Standard deviations of 

the groups appear significantly different as was confirmed by the variance testing.  

 

Table 4 Summary of Descriptive Statistics Warranty Failures Percentages A vs. B 

 N Median Mean St Dev 

Warranty % A 48 0.102  0.096 0.046 

Warranty % B 48 0.187 0.209 0.015 

 

Visual inspection of Table 4 indicates the sample groups have a significant difference in 

their means. Medians of both groups also appear significantly different. The Mann-Whitney, 

Paired T, and 2 Sample T test calculations from minitab were summarized in Table 5 below. 

Mann-Whitney was chosen based on the need to compare two non-normal, independent data 

sets. 

 

Table 5 Summary of Hypothesis Test Warranty Failures Percentages A vs. B 

 Mann-Whitney 2 Sample T Paired T 

95% CI for Difference (-0.089, -0.069)  (-0.159, -0.067) (-0.148, -0.078) 

P-value 0.000 0.000 0.000 

Null Hypothesis Reject Reject Reject 
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The Pcalc was found to be 0. At the 95% CI the Pcrit = 0.05. From the statistical data Pcrit > 

Pcalc and the testing showed to reject the null. Calculations of the 95% CI for the differences fail 

to overlap the midpoint of 0 signifying that the samples were not similar. The Mann-Whitney test 

was not as robust on data with unequal variance as a 2 Sample T test. Variance testing proved the 

two data samples did not have similar variance, and it was best to verify the 2 Sample T test 

correlates with the results of the Mann-Whitney test. As a measure of variance the standard 

deviations of the Warranty % B data was much smaller than the Warranty % A data. The p-value 

from the 2 Sample T test was consistent with the Mann-Whitney results at 0.000. From the 

statistical data Pcrit > Pcalc and the testing shows to reject the null. The p-value from the Paired T 

test was consistent with the Mann-Whitney results at 0.000. From the statistical data Pcrit > Pcalc 

and the testing shows to reject the null.  

Based on the statistical analysis of the data there was a statistically significant difference 

in the percentage of warranty failures of different branded dishwashers.  

Research Question 2 

Was there a difference in the warranty redemption percentage and part type replaced of 

common platform, but different branded dishwashing appliances? 

Research question 2 was unique to this study in that the data set used was only the 

reported failures from the sample population and not the entire sample population. This question 

was only interested in finding the similarities of parts replaced; thus it was appropriate to limit 

the data sample to products reported for warranty redemption (failed parts). As discussed in 

chapter 3 the failed parts were segregated into three categories and then compared between 

brands by same part category.   
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Normality Analysis 

The normality tests were performed on the results of the warranty percentage of part 

failure type. The sample size (number of months of data) of all the tests was equal allowing for 

the same Rcrit = 0.9748 from the Warranty % test in research question 1. A generic hypothesis 

question for each variation was listed below with the specific results found in Appendix I and J. 

Results indicate that none of the data sets can be modeled as normal. Non-parametric methods 

were used to compare with parametric hypothesis testing results.  

Variance Analysis 

The hypothesis question of this section was to determine if the warranty redemption 

percentage and parts replaced were different when branding was the primary differentiator of 

products that were otherwise similar. Data sets for this research question can be found in 

Appendix D and E. Options to test for the difference in means were discussed in the research 

question 1 section and include the Mann-Whitney, 2 Sample T, and the Paired T test. Variance 

may be tested using an F test (for normal data) or Levene’s test (non-normal data). All of the part 

categories were both found to be non-normal. The F test was less robust on non-normal data; 

both variance tests were calculated using minitab. Complete output can be found in Appendix 

J.The data indicates there was a mix of similar and non-similar variance depending on the 

sample. Levene’s test was more applicable to the data sets then the F test due to the conclusion 

that the data was non-normal.  Across the mechanical, electrical, and cosmetic warranty failure 

percentages there was consensus that the data was non-normal, but the variance was mixed as 

similar and non-similar. Mechanical failure % had similar variance, as did the electrical failures 

from Levene’s test outputs. Levene’s test was best suited for non-normal data sets. Cosmetic % 

was extremely close to similar with a p-value of 0.05, but must be considered to have had non-
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similar variance. This mixed variance concludes that it was better to run multiple types of 

hypothesis testing then analyze the conclusions. Hypothesis testing to verify if there was any 

difference in the part % replaced was the Mann-Whitney, 2 Sample T, and Paired T test.  

Research Question 2 Analysis 

From the result in normality analysis, all of the percentage of part failures were non-

normal and will require verification with non-parametric testing like the Mann-Whitney.  

H02: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances.  

HA2: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

mechanical parts replaced for different branded appliances. 

H03: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

HA3: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

electrical parts replaced for different branded appliances.  

H04: µ1 = µ2 There was no statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

HA4: µ1 ≠ µ2 There was a statistical significant difference in the warranty redemption of 

cosmetic parts replaced for different branded appliances.  

The sample data was converted to percentages of failures by type from the monthly 

population of total failures. Each month the sum of the percent of failure types was equal to a 

total of 100%. To give an over view the failure types of both brands were placed in a pie graph in 

Figure 2.  A visual overview of Figure 2 would indicate that the mechanical failures may be 
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similar, but it was likely there was a significant difference in the failure percentages of the 

cosmetic and electrical failures between the two brands.  

  

   

Figure 2: Pie Chart of Part Type Failures for Brand A & B  

 

As detailed in chapter 3 the brands were divided into failure type of mechanical, 

electrical, and cosmetic then tested for similar means and medians using a Mann-Whitney, 

Paired T, and 2 Sample T test at the 95% significance level. Descriptive statistics of the results 

can be found in Table 6. The Tcrit of 2.943 was found from the T table (NIST, 2010b).  
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Table 6 Summary of Descriptive Statistics Warranty Part Replacement % A vs. B 

 N Median Mean St Dev 

Mechanical % A 48 0.636 0.643 0.052 

Mechanical % B 48 0.608 0.615 0.063 

Electrical % A 48 0.196 0.192 0.031 

Electrical % B 48 0.141 0.139 0.043 

Cosmetic % A 48 0.147 0.160 0.042 

Cosmetic % B 48 0.239 0.242 0.058 

 

 Inspection of the mean and medians shows that results were basically similar and the data 

sets do not have a predominant skew. Cosmetic % A was a possible exception with a difference 

in the mean and median of 0.013%. Results of the hypothesis testing, found in Table 7, indicate 

to reject the null and there was a significant difference in the percentage of failure rates of Brand 

A & B for mechanical, electrical, and cosmetic failure types.  In all cases the Ptest values were 

well below the test threshold p-value of 0.05.  
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Table 7 Summary of Hypothesis Test Warranty Part Replacement % A vs. B 

 Mann-Whitney 

P-value 

2 Sample T 

P-value 

Paired T                       

P-value 

Mechanical % 0.008 0.020 0.007 

 Reject Reject Reject 

Electrical % 0.000 0.000 0.000 

 Reject Reject Reject 

Cosmetic % 0.000 0.000 0.000 

 Reject Reject Reject 

 

Results of the Paired T and 2 Sample T test were consistent with the Mann-Whitney. 

There was no statistical support that the failure type percentages of mean failure rates of brand A 

& B for mechanical, electrical, and cosmetic failure types were similar.  

Research Question 3 

Was there a difference in the warranty redemption of common platform, same branded 

dishwashing appliances from different price points? 

Research question 3 was to verify the effect of product costing on warranty redemption of 

common platform dishwashers within a brand. At high and low price point for a brand it was 

tested if there was a difference in the warranty percentage of common platform products. As 

detailed in chapter 3 production volumes and warranty claims by month were accumulated for 

dishwasher production from 2007 to 2010. Production volumes and warranty claims were 

segregated into two different price levels of above and below $1200 MSRP (high and low price) 
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found in Appendix F. The percentage of failures was calculated by month for each brand at both 

high and low price point in Appendix G.  

Normality Analysis 

To test the hypothesis that the means of the failure rate percentages were different the 

data was first tested for normality. This data set cannot be modeled as normal. Testing may use 

methods suitable for normal data, but should be verified with non-parametric methods like the 

Mann-Whitney analysis of means. High Cost A Warranty % data could not be modeled as 

normal just like the Low Cost A Warranty %. High Cost A Warranty % may be tested with 

normal data methods, but verified against non-normal methods. Low Cost B Warranty % data 

could not be modeled as normal. Testing for Low Cost B Warranty % will mirror the Low Cost 

A Warranty % methods. High Cost B Warranty % data cannot be modeled as normal. All of the 

data sets for research question 3 were non-normal and needed normal analysis methods validated 

with non-normal methods.  

Variance Analysis 

The research question of this section was to determine if there was a cost influence on 

warranty redemption. Same branding at separate cost points may cause a different mean instance 

of warranty claims when products were otherwise similar. Options to test for the difference in 

means include the Mann-Whitney, 2 Sample T test, and the Paired T test as discussed in research 

question 1. Variance may be tested using an F test (for normal data) or Levene’s test (non-

normal data). Low and High Cost A Warranty % were both found to be non-normal. The F test 

was less robust on non-normal data, but both variance tests were calculated; using minitab. Data 

for Brand A indicated that the sample variances were not similar. Brand B data variance was 

similar for both the F test and Levene’s test. Brand A has non-similar variance in contrast to 
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Brand B that was similar. Both Brand A and B data sets were tested using the 2 Sample T, Paired 

T, and Mann-Whitney test then any correlation of the three results discussed.  

Research Question 3 Analysis  

H05: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

the same brand at different price points 

HA5: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

same brand at different price points.  

The hypothesis will be tested at the 5% significance level with a Tcrit of 2.943 (NIST, 

2010a). Descriptive statistics of the A Warranty % data samples were in Table 8. Normality 

testing failed for High and Low Cost A Warranty%. Table 8 shows the mean and median were 

separated for High Cost A Warranty% indicting there was a skew in the data set. 

  

Table 8 Summary of Descriptive Statistics Low & High Cost A Warranty % 

 N Median Mean St Dev 

Low Cost A Warranty % 48 0.101  0.096 0.023 

High Cost A Warranty % 48 0.189 0.165 0.109 

 

Using the test calculation in minitab the results of the mean and median hypothesis 

testing were presented in Table 9. Mann-Whitney was chosen based on the need to compare two 

non-normal, independent data sets. Paired T and 2 Sample T testing was done as a check against 

the Mann-Whitney data results. 
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Table 9 Summary of Hypothesis Test Low & High Cost A Warranty % 

 Mann-Whitney 2 Sample T Paired T 

95% CI for Difference (-0.118, -0.056)  (-0.102, -0.037) (-0.096, -0.043) 

P-value 0.000 0.000 0.000 

Null Hypothesis Reject Reject Reject 

 

P-value of each test method was calculated as 0.000. At the 95% CI the Pcrit = 0.05. From 

the statistical data Pcrit > Pcalc and all three methods agrees to reject the null. 95% CI for 

difference show that the confidence intervals did not overlap the 0 point indicating that the low 

and high cost sample groups were not similar.  

The hypothesis was tested at the 5% significance level with a Tcrit of 2.943 (NIST, 

2010a). Descriptive statistics of the Low and High Cost B Warranty % data samples were in 

Table 10. Normality testing failed for High and Low Cost B Warranty %. Table 10 shows the 

mean and median were similar indicting there was not skew in the data set. It was also visually 

apparent that the standard deviations were similar supporting the conclusions of the F and 

Levene’s test.  

 

Table 10 Summary of Descriptive Statistics Low & High Cost B Warranty % 

 N Median Mean St Dev 

Low Cost B Warranty % 48 0.109  0.106 0.088 

High Cost B Warranty % 48 0.202 0.204 0.085 
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Brand B warranty data was tested to compare if the results were similar to the results of 

brand A.  Test protocol for brand B remained consistent with brand A test methods. A summary 

of test results can be found in Table 11.  

 

Table 11 Summary of Hypothesis Test Low & High Cost B Warranty % 

 Mann-Whitney 2 Sample T Paired T 

95% CI for Difference (-0.129, -0.070)  (-0.133, -0.062) (-0.131, -0.064) 

P-value 0.000 0.000 0.000 

Null Hypothesis Reject Reject Reject 

 

Test results conclude a p-value of 0.000. At the 95% CI the Pcrit = 0.05. From the 

statistical data Pcrit > Pcalc and the testing shows to reject the null as found in Appendix K. Low 

and High Cost B Warranty has an F test p-value of 0.795 and Levene’s p-value of 0.846. The p-

value from the 2 Sample T and Paired T test was consistent with the Mann-Whitney results at 

0.000. From the statistical data Pcrit > Pcalc and the testing shows to reject the null.  

Based on the statistical analysis of the data there was a statistically significant difference 

in the percentage of warranty failures of the same branded common platform dishwashers at high 

and low price points.  

 

Research Question 4 

Was there a difference in the warranty redemption of common platform, different 

branded dishwashing appliances from same price points? 
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The test question 4: was there a difference in the warranty percentage of different brand 

common platform products at the same price point. Production volumes and warranty claims by 

month were accumulated for production from 2007 to 2010 as detailed in chapter 3. Production 

volumes and warranty claims were segregated into two different price levels of above and below 

$1200 MSRP (high and low price). Percentage of failures was calculated by month for each 

brand and can be found in Appendix F and G. To test the hypothesis that the means of the failure 

rate percentages were different the data was first tested for normality. The data set of research 

question 3 was used. It was established in research question 3 that the data sets were non-normal.  

Further testing was verified with non-parametric methods like the Mann-Whitney analysis of 

means.   

Variance Analysis 

The research question of this section was to determine if there was a cost influence on 

warranty redemption. Different branding at similar cost points may cause a significantly different 

instance of warranty claims when products were otherwise similar. Options to test for the 

difference in means include the Mann-Whitney, 2 Sample T, and the Paired T test as discussed in 

research question 1. Variance may be tested using an F test (for normal data) or Levene’s test 

(non-normal data). Low and High Warranty % A and B were both found to be non-normal. The 

F test was less robust on non-normal data, but both variance tests will be calculated using 

minitab. Full statistic output was available in Appendix L. The data for Low Cost A & B 

concluded that the sample variances were not similar. High Cost A & B data variance was 

conflicting between the F test and Levene’s test. Levene’s test was more robust to non-normal 

data and the High Cost A & B data sets were interpreted as having non-similar variance. Both 
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low and high cost data sets will be tested using the 2 Sample T test, Paired T, and Mann-Whitney 

test then any correlation of the three results discussed.   

Research Question 4 Analysis  

H06: µ1 = µ2. There was no statistical significant difference in the warranty redemption of 

different brands at the same price points 

HA6: µ1 ≠ µ2. There was a statistical significant difference in the warranty redemption of 

different brands at the same price points 

The hypothesis was tested at the 5% significance level with a Tcrit of 2.943 (NIST, 

2010a). Descriptive statistics of the Low Cost A & B data samples are in Table 12. Normality 

testing failed for High and Low Cost A Warranty %. Table 12 shows the mean and median were 

similar indicting there was not skew in the data set. 

 

Table 12 Summary of Descriptive Statistics Low Cost A & B Warranty % 

 N Median Mean St Dev 

Low Cost A Warranty % 48 0.101  0.096 0.023 

Low Cost B Warranty % 48 0.109 0.106 0.088 

 

Using the test calculation in minitab the results of the mean and median hypothesis 

testing was presented in Table 13. Mann-Whitney was chosen based on the need to compare two 

non-normal, independent data sets. Paired T and 2 Sample T testing was done as a check against 

the Mann-Whitney data results. 
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Table 13 Summary of Hypothesis Test Low Cost A & B Warranty % 

 Mann-Whitney 2 Sample T Paired T 

95% CI for Difference (-0.030, 0.009)  (-0.036, 0.016) (-0.034, 0.014) 

P-value 0.246 0.452 0.413 

Null Hypothesis Fail to Reject Fail to Reject Fail to Reject 

 

P-value of each test method was calculated between 0.246 and 0.452. At the 95% CI the 

Pcrit = 0.05. From the statistical data test Pcrit > Pcalc was not true and all three methods agreed to 

fail to reject the null. All three of the test methods show that the 95% CI for difference overlaps 

the midpoint, indicating that the data samples were similar and we fail to reject the null.  

The hypothesis was tested at the 5% significance level with a Tcrit of 2.943 (NIST, 

2010a). Descriptive statistics of the High Cost A & B Warranty % data samples are in Table 14. 

Normality testing failed for High and Low Cost A Warranty %. Table 14 shows the mean and 

median of High Cost A Warranty % were not similar indicting there may be skew in the data set. 

It was also visually apparent that the standard deviations may not be similar supporting the 

conclusions of Levene’s test.  

 

Table 14 Summary of Descriptive Statistics High Cost A & B Warranty % 

 N Median Mean St Dev 

High Cost A Warranty % 48 0.189  0.165 0.109 

High Cost B Warranty % 48 0.202 0.204 0.085 
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High Cost Brand A Warranty data was tested to compare if the results were similar to the 

results of High Cost Brand B.  Test protocol for High Cost Warranty remained consistent with 

Low Cost Warranty test methods. A summary of test results can be found in Table 15.  

 

Table 15 Summary of Hypothesis Test High Cost A & B Warranty % 

 Mann-Whitney 2 Sample T Paired T 

95% CI for Difference (-0.066, 0.011)  (-0.078, 0.002) (-0.070, -0.006) 

P-value 0.222 0.059 0.021 

Null Hypothesis Fail to Reject Fail to Reject Reject 

 

Two of the three p-values were above 0.05; at the 95% CI the Pcrit = 0.05. From the 

statistical data tests Pcrit > Pcalc was not true and the testing shows to fail to reject the null in the 

case of the Mann-Whitney and 2 Sample T test outputs. High Cost A & B Warranty % had split 

hypothesis results for the variance testing. Levene’s test that was more robust to non-normal data 

indicated the variance was not similar between the data samples. Mann-Whitney was the most 

robust testing for non-normal data. Test results of Mann-Whitney show the largest p-value and 

most centering of the 95% CI for the difference. 95% CI for the difference overlaps the midpoint 

of 0. As noted in the variance analysis section 2 Sample T test does not require normal data or 

variance when the data set was balanced. When analyzed using the 2 Sample T the null was 

rejected and the data sets may be considered similar. Evaluation of the results shows that the Pcalc 

value was only above the Pcrit by 0.009. At the 95% CI of the difference of the 2 Sample T shows 

an overlap of the centerpoint of only 0.002. Conversely, the Paired T test fails to support that 

High Cost Brand A & B have similar warranty rates. The data has been organized in logical 
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pairings of factory production by month. The data generally describes Paired T testing to be used 

on before and after data sets (Montgomery & Runger, 2007; NIST, 2010c), however this was not 

a requirement if a logical pairing can be made. 95% CI for the difference misses the 0 point by 

0.006. Pcalc was found to be 0.021; significantly below the Pcrit of 0.05 at the 95% CI test limit. 

Ultimately, all three tests were appropriate for non-normal data, but the Mann-Whitney was the 

most robust.  

Based on the statistical analysis of the data there was not a statistically significant 

difference in the percentage of warranty failures of different branded common platform 

dishwashers at low or high price points.   
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CHAPTER 5 

 

CONCLUSIONS 

Problem Statement and Purpose of the Study 

The purpose of this study was to use real world data to verify if the warranty failure rate 

was different or similar on common platform separate brand name dishwashing appliances. 

Follow up to this initial question was analyses of the parts reported as the failure cause and 

compare those failure rates between the separate brands. In cases of same brand dishwashers 

built on a common platform, but marketed under a high and low price point this study analyzed if 

the warranty failure rates were similar. The last point of this study was to compare failure rate on 

different brand dishwashers, built on a common platform, and segregated into high and low cost 

price point.  

This study was interested in determining if there was a significant difference in the failure 

rates between common platform different branded dishwashers. Summarized from section 3 the 

data collection methodology follows. Data from the study was manufacturing production data 

and customer warranty claims.  Customer warranty claims may involve true product failures, as 

well as, customer perceived failures and transportation and install damage. All warranty 

redemptions were considered and classified as failures in this study because even a false 

warranty claim was cost to the manufacturer. To segregate out a portion of this data would limit 

the ability of the manufacturer to reduce warranty costing. This data set was limited to one 



83 

manufacturer and the main two brands produced at a single facility. Population of data was from 

dishwashers produced from 2007 to 2010 and sold in the United States and Canada. This study 

was focused on the variables of brand, price, and parts.  

For each of the research questions the results were divided into three sections to present 

analysis of normality, analysis of variance, and the analysis of the research question. At the end 

of each section the result of the hypothesis testing of research data was presented as an answer to 

the research hypothesis.  

Research Question 1 

Research question 1: was there a difference in the warranty percentage of different brand, 

but common platform products. Production volumes and warranty claims by month were 

accumulated for production from 2007 to 2010. Percentages of failures were calculated by month 

for each brand. To test the research hypothesis that the failure rate percentages were different the 

data was first tested for normality and similar variance. Results of the variance and normality 

testing indicated that Mann-Whitney, 2 Sample T, and Paired T testing would be appropriate 

statistical test methods. All three of the statistical tests rejected the null. Test data clearly signals 

that there was a significant difference in the warranty redemption rates of common platform, 

different brand dishwashing appliances.  

The review of literature found mixed indicators that branding was a signaling factor of 

warranty redemption. In this specific case one brand carried a higher warranty redemption rate 

although functionally and mechanically the brands were very similar. This study concluded it 

cannot be assumed that one warranty rate costing prediction for a platform was adequate during 

the product planning phase.  Findings of this study support that there was a unique warranty rate 

per brand. This hypothesis does not conclude if the reason for the separate warranty rates was 
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due to price point, brand reputation, or some other factor. Further hypothesis were generated to 

determine what might cause common platform warranty separation at the brand level.    

Research Question 2 

Research question 1 has concluded that there was a significant difference in the warranty 

redemption of common platform different branded dishwashing appliances. Common platform 

was products that were designed to a common specification with mainly common components, 

and predominantly differentiated by cosmetics. In this study example both brands were designed 

in parallel, use common components, and were produced in a common factory on a common 

production line.  These dishwashing appliances were designed to be similar in all aspects, but 

cosmetics. It was of interest for the study to determine if there were differences in the causes of 

warranty redemption.  

Section 2 of the study used only the warranty redemption samples and not the entire 

production population. Warranty redemption samples were segregated by brand and then 

classified into four categories based on the part serviced or replaced in the repair record. All 

parts were categorized as cosmetic, mechanical, or electrical. Parts that were not defined or 

incomplete records comprised the fourth category of “undefined.” A failure distribution by brand 

was summarized in figure 2 of the results chapter. Visual inspection shows that mechanical 

failures were relatively similar, but there was higher percentage of cosmetic failures for Brand B.  

Statistical analysis similar to the research question 1 was performed on the data set. In all 

three failure types there were statistically significant differences between Brand A and B. Both 

brands shared most mechanical and electrical components with differentiation predominantly in 

the cosmetic feature content. Study into the causes of the differences in cosmetic warranty 

redemption could be a topic of future research. This research indicates that in the case of 
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dishwashing appliances it was not accurate to assume that the minor cosmetic changes between 

common platform products will not have a statistically significant impact on warranty 

redemption rates. Failures internal to the part groupings were not analyzed for this study. Future 

evaluation of the parts that failed within the product groups may be a topic of future research. A 

business advantage to this further study was the insight into true customer usage. Failures by part 

type do not correspond by brand leading to the hypothesis that there was dissimilar product 

usage between brands. One theory might be that historically one brand has a more commercial 

reputation and thus expected to handle “rough” treatment better.  

Research Question 3 

Hypothesis testing of research question 1 has concluded that there was a significant 

difference in the warranty redemption between different brand products. Research question 3 

divides each brand into separate price points to determine if the costing within a brand has a 

significantly different warranty redemption rate. In this study it was concluded that both brands 

have a different warranty redemption rate between the high and low cost sample groups.  

 This result indicates that it was appropriate to plan for different warranty costing between 

a high cost and low cost item of the same product class and branding. Brand B mean warranty 

redemption was almost double for the high cost group compared to the low cost group. Brand A 

showed significantly higher warranty redemption for the high cost group versus low cost group, 

as well. A higher cost product must have a product differentiation to justify the higher cost. In 

this dishwasher study a higher price was justified by higher feature content. Some increases in 

features may demand minor mechanical differentiation like two stage versus one stage water 

pumps. However, most product features were increased washing cycles and involve only minor 
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changes to the software in the washer controller. Future study opportunity is to repeat research 

question 1 for the same brand with the price point data as the differentiation factor.  

 The results of this section must be considered carefully because increased cost may be 

justified by increased durability or reliability. Products may justify a higher price due to heavy 

duty components such as bearings or gears and have the same feature content as a light or regular 

duty model. As the warranty costing was predicted at the planning stage; a blanket increase in 

warranty prediction with MSRP cost may not be accurate. The cause of product cost increase 

(features or utility) must be considered and the warranty redemption allowance considered with 

those factors.  

Research Question 4 

Research question 4 builds on research question 1 and 3 by further refining the factors of 

warranty redemption. From research question 1 it was shown that brand has a significant effect 

on warranty redemption and from research question 3 it was known that price has a significant 

effect on warranty redemption. Research question 4 was interested in determining if different 

brands at similar price points have similar or different warranty redemption.  

 At the low price point there was no significant difference in warranty redemption 

between Brand A and Brand B. These results would indicate that price point has a more 

significant effect on warranty redemption then brand name based on this data of common 

platform dishwashing appliances. Hypothesis testing results for warranty redemption of Brand A 

and B at the high cost point was mixed. It was concluded that the Mann-Whitney testing was the 

most robust and the results of warranty redemption on the High Cost Brand A and Brand B were 

similar, as well. Research question 4 can conclude that on this data set appliance cost has a 

higher effect on warranty redemption then brand name.  
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 Further analysis of research question 4 would be similar to research question 3. There 

was higher feature content in higher price dishwashers and thus analysis into warranty 

redemption and feature content would be an interesting study to further develop a model of 

warranty redemption prediction. The data set was divided into two price points of high and low. 

Further research into more discrete pricing levels may further clarify warranty redemption 

behavior.  

Summary of Research Results 

 The data collected for research questions 1 through 4 have supported the following 

conclusions for warranty redemption behaviors of common platform dishwashing appliances. 

Brand name was a significant factor in warranty redemption. Separate brands had significantly 

different distributions of repaired part type in the warranty redemption data. The literature 

defines common platform as products predominantly different in cosmetic appearance. Data 

from this study contradicted the logical assumption that part type failure by brand would be 

similar. Within a brand there was a significant difference in the warranty redemption at separate 

price points. At a higher price point common platform dishwashers had a higher warranty 

redemption rate.  Between brands the data supports significantly different warranty redemption 

unless the brands were divided into pricing categories. At the high and low price points the 

warranty redemption behavior shows that between brands the warranty redemption behavior was 

similar.  

 Research question 1 and 4 appear to be contradicting. Some of this may be due to the data 

sample. Brand A data volume was 98% low cost and Brand B was only 13%. The high price 

volume of Brand A being only 2% of the total production may not be a large enough sample to 

accurately reflect data trends. Future study is warranted if the price points for separation matches 
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with a logical breaking point like feature content, or sales channel to further validate the research 

results.  

 Previous studies and writings on quality have listed feature content and reliability to be 

contributors to quality. Products that are low feature content are considered low quality even if 

product reliability is extremely high. Low reliability products that have high utility are also 

consumer classified as low quality. Consumers view quality as a mix of utility and reliability, 

and expect high reliability during the warranty period. High cost dishwashers have higher utility 

and additional functions when compared to lower priced models. This study indicates that by the 

higher warranty rates of higher cost dishwashers consumers are not willing to trade reduced 

reliability for higher utility. A hypothesis for further research is what trade off of utility and 

reliability is acceptable for a consumer before reliability becomes a warranty call.   

 The researcher concludes that assuming that warranty redemption will be equal for 

common platform products was not valid. Other factors such as brand name and pricing must be 

considered.  

Areas for Future Research 

 There is room for further study of warranty redemption of common platform products by 

considering expansion of product types, integration of sales channels, and further review of price 

point segregation. Results from the research questions have opened up further opportunities to 

study the validity of the results over a broader spectrum of products and environments. This 

study used dishwashers as a baseline, but other products may not follow similar results.  

As the design improves the cost of warranty is reduced (Murthy, 2006). In many cases 

such as consumer non-durable, industrial, and government products this may be a direct 

outcome. Consumer products are simple and require no or minimal learning curve for use. 
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Products for industrial and government use are highly complex and specialized, but have training 

or detailed instructions for usage. Consumer durable products such as appliances and 

automobiles have instances of false warranty claims where increased feature content leads to 

customer misconception of product failure. Automobiles and appliances have user manuals that 

describe the use and care of products, but these are not always consulted by customers. Warranty 

claims on products with adequate design, but complex feature content was not addressed 

specifically in the warranty models found in the review of literature. There was opportunity for 

study in warranty models of consumer durable products with advance feature content.  

 This study concluded that there was a different warranty redemption rate on similar 

products only separated by brand. Brand A was sold through boutique or Mom & Pop type stores 

as well as mass market, high volume retailers like Sears and Lowes. Brand B was sold 

exclusively through Mom and Pop type stores. Boutique stores hold the advantage of increased 

customer service and presumably the final selection was based on interactions of the sales person 

and customer to find the product that has the best balance of features, style, and pricing. 

Conversely, big box retailers with low sales staff interaction presumably sell products more on 

style and price with features of lower consideration. Brand B has a higher warranty redemption 

possibility due to the sales person “over selling” the product capabilities and creating customer 

expectations that were not met. Over selling by the store may result in a warranty complaint for a 

product that was performing as designed. This study theory could be tested in further research.  

 As noted in research question 2 there was significant difference in the warranty 

redemption based on failures of cosmetic parts. Cosmetic differentiation is the primary 

differentiator of common platform products (Ingrassia & White, 1995) and has been assumed to 

be a contributor to warranty redemption. Further research into the cause of cosmetic warranty 
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claims and if this finding is consistent across other products is available. Research results from 

this study may be compared to products with varying levels of mechanical complexity and 

cosmetic sensitivity. Potential study areas could be cars for high cosmetic and high mechanical 

or power/lawn tools for low cosmetic with high mechanical.  

 Dishwashing appliances have different warranty redemption across high and low price 

points. This conclusion was consistent when compared within and against the two brands in the 

study results. Further research into results among other vertical differentiated common platform 

designs, like Toyota and Lexus as noted by Ingrassia and White (1995), is an area available for 

study. From research question 1 result there should be warranty differentiation between Toyota 

and Lexus. From the results of research question 4 the Toyota products that overlap with the 

Lexus price point should have similar warranty redemption. Further research into the validity of 

these conclusions for other products types like automobiles, power tools, computers, and others 

is an open area for study.  

 The high and low break point for dishwashers was chosen at around the midpoint of the 

MSRP ranges. If pricing was further broken down into more or different levels it is not known if 

the results would be the same. Appliances are often marketed internally in three price levels: 

entry, mid-range; and premium. This study only considered products in the mid-range and 

premium segments. Repetition of the study with common platform products from all three 

groups represented and compared is an open item for further study.  

 There is room for further study of warranty redemption of common platform products by 

considering expansion of product types, integration of sales channels, and further review of price 

point segregation. Expanding into products like automobiles that have high complexity in 

components and are highly common platform is an open area for research. This research study 
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failed to consider the effect of sales channels and expectation. Boutique type sales channels may 

inflate expectations and create increased warranty redemption for a brand that is similar to a 

brand not marketed through boutique sales channels. Price point was found in this study to create 

a leveling effect on warranty redemption. How much price differentiation creates this effect or if 

price was a symptom and higher complexity or expectations was the true cause of the warranty 

redemption effect was not clear from this study.  
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APPENDIX A: CLAIM EXAMPLE 
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APPENDIX B: PRODUCTION AND FAILURE CLAIMS BY BRAND BY DATE 

Month Year 
Production 

A 
Production 

B 
Failures 

A 
Failures 

B 

January 2007 34111 934 3527 193 

February 2007 26350 647 2415 124 

March 2007 35048 1555 3078 317 

April 2007 29604 969 2906 241 

May 2007 38867 1170 4204 263 

June 2007 38615 649 4460 138 

July 2007 34689 104 4462 41 

August 2007 38576 701 5080 135 

September 2007 35928 1070 4072 189 

October 2007 42501 869 5116 168 

November 2007 37369 1824 5204 324 

December 2007 27186 300 3681 76 

January 2008 33304 1195 3940 219 

February 2008 26285 707 3462 194 

March 2008 28563 867 3963 180 

April 2008 42282 800 5569 231 

May 2008 35631 625 4962 168 

June 2008 38555 250 5120 96 

July 2008 28208 676 4403 138 

August 2008 38337 335 6567 255 

September 2008 25851 864 4122 201 

October 2008 30526 613 4465 263 

November 2008 18721 328 3775 263 

December 2008 23719 654 3985 258 

January 2009 30644 613 3743 137 

February 2009 29467 1151 3222 180 

March 2009 27704 714 3448 242 

April 2009 30854 721 3121 185 

May 2009 34046 566 3214 79 

June 2009 38451 1567 3300 180 

July 2009 31529 869 2645 116 

August 2009 35868 1826 2440 186 

September 2009 32823 1915 1568 123 

October 2009 39136 1720 1373 80 

November 2009 25993 576 874 44 

December 2009 24952 868 709 61 

January 2010 36284 1720 1226 140 



100 

February 2010 29614 1230 1076 126 

March 2010 36725 336 1365 35 

April 2010 38384 944 1542 98 

May 2010 43569 976 1903 100 

June 2010 48650 1344 2029 142 

July 2010 39116 1295 1821 138 

August 2010 40405 1181 1658 145 

September 2010 39987 1048 1903 135 

October 2010 43503 1535 2267 177 

November 2010 38741 1035 2082 70 

December 2010 23279 767 1182 59 
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APPENDIX C: PERCENTAGE OF WARRANTY CLAIMS BY BRAND BY DATE 

Month Year 
Warranty 

% A 
Warranty 

% B 

January 2007 10.34% 20.66% 

February 2007 9.17% 19.17% 

March 2007 8.78% 20.39% 

April 2007 9.82% 24.87% 

May 2007 10.82% 22.48% 

June 2007 11.55% 21.26% 

July 2007 12.86% 39.42% 

August 2007 13.17% 19.26% 

September 2007 11.33% 17.66% 

October 2007 12.04% 19.33% 

November 2007 13.93% 17.76% 

December 2007 13.54% 25.33% 

January 2008 11.83% 18.33% 

February 2008 13.17% 27.44% 

March 2008 13.87% 20.76% 

April 2008 13.17% 28.88% 

May 2008 13.93% 26.88% 

June 2008 13.28% 38.40% 

July 2008 15.61% 20.41% 

August 2008 17.13% 76.12% 

September 2008 15.95% 23.26% 

October 2008 14.63% 42.90% 

November 2008 20.16% 80.18% 

December 2008 16.80% 39.45% 

January 2009 12.21% 22.35% 

February 2009 10.93% 15.64% 

March 2009 12.45% 33.89% 

April 2009 10.12% 25.66% 

May 2009 9.44% 13.96% 

June 2009 8.58% 11.49% 

July 2009 8.39% 13.35% 

August 2009 6.80% 10.19% 

September 2009 4.78% 6.42% 

October 2009 3.51% 4.65% 

November 2009 3.36% 7.64% 

December 2009 2.84% 7.03% 

January 2010 3.38% 8.14% 
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February 2010 3.63% 10.24% 

March 2010 3.72% 10.42% 

April 2010 4.02% 10.38% 

May 2010 4.37% 10.25% 

June 2010 4.17% 10.57% 

July 2010 4.66% 10.66% 

August 2010 4.10% 12.28% 

September 2010 4.76% 12.88% 

October 2010 5.21% 11.53% 

November 2010 5.37% 6.76% 

December 2010 5.08% 7.69% 
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APPENDIX D: COUNT OF WARRANTY CLAIMS BY BRAND AND PART TYPE BY 

DATE 

Month Year 
Cosmetic 

A 
Electrical 

A 
Mechanical 

A 
No 

Desc A 

January 2007 423 997 2084 23 

February 2007 305 619 1479 12 

March 2007 456 735 1879 8 

April 2007 450 673 1765 18 

May 2007 881 819 2486 18 

June 2007 727 954 2754 25 

July 2007 868 914 2663 17 

August 2007 1083 1103 2878 16 

September 2007 703 839 2513 17 

October 2007 1028 1009 3050 29 

November 2007 1679 859 2643 23 

December 2007 1078 600 1983 20 

January 2008 899 749 2269 23 

February 2008 755 649 2038 20 

March 2008 681 786 2469 27 

April 2008 905 1182 3449 33 

May 2008 959 996 2984 23 

June 2008 851 1115 3116 38 

July 2008 751 888 2726 38 

August 2008 830 1352 4300 85 

September 2008 675 816 2605 26 

October 2008 639 937 2863 26 

November 2008 609 826 2315 25 

December 2008 559 885 2508 33 

January 2009 527 808 2394 14 

February 2009 421 703 2083 15 

March 2009 474 781 2168 25 

April 2009 503 627 1971 20 

May 2009 446 675 2069 24 

June 2009 479 600 2195 26 

July 2009 397 453 1779 16 

August 2009 356 412 1658 14 

September 2009 257 267 1041 3 

October 2009 219 239 903 12 

November 2009 121 145 605 3 
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December 2009 91 127 489 2 

January 2010 153 187 881 5 

February 2010 134 165 772 5 

March 2010 168 201 990 6 

April 2010 184 239 1117 2 

May 2010 246 300 1345 12 

June 2010 287 307 1425 10 

July 2010 226 286 1303 6 

August 2010 208 255 1188 7 

September 2010 274 327 1292 10 

October 2010 343 346 1563 15 

November 2010 265 338 1466 13 

December 2010 166 195 819 2 

 

Month Year 
Cosmetic 

B 
Electrical 

B 
Mechanical 

B 
No 

Desc B 

January 2007 39 32 121 1 

February 2007 39 15 70 0 

March 2007 80 45 192 0 

April 2007 57 52 132 0 

May 2007 62 34 165 2 

June 2007 45 17 76 0 

July 2007 9 7 25 0 

August 2007 22 35 76 2 

September 2007 32 43 113 1 

October 2007 39 26 98 3 

November 2007 61 39 224 0 

December 2007 20 12 44 0 

January 2008 53 36 129 1 

February 2008 41 24 127 2 

March 2008 42 21 116 1 

April 2008 60 39 132 0 

May 2008 40 28 99 1 

June 2008 24 17 55 0 

July 2008 36 21 81 0 

August 2008 59 39 156 1 

September 2008 42 25 134 0 

October 2008 54 46 163 0 

November 2008 63 48 151 1 

December 2008 59 35 161 3 

January 2009 35 20 82 0 
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February 2009 50 26 101 3 

March 2009 80 33 129 0 

April 2009 36 26 123 0 

May 2009 26 11 41 1 

June 2009 34 21 125 0 

July 2009 31 6 78 1 

August 2009 46 22 118 0 

September 2009 35 21 66 1 

October 2009 20 16 44 0 

November 2009 4 4 36 0 

December 2009 17 5 39 0 

January 2010 37 10 93 0 

February 2010 26 19 81 0 

March 2010 6 2 26 1 

April 2010 27 14 57 0 

May 2010 27 15 58 0 

June 2010 26 14 102 0 

July 2010 27 14 96 1 

August 2010 29 20 96 0 

September 2010 59 10 65 1 

October 2010 62 19 96 0 

November 2010 20 4 46 0 

December 2010 9 10 40 0 
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APPENDIX E: PERCENTAGE OF WARRANTY CLAIMS BY BRAND AND PART TYPE 

BY DATE 

Month Year 
Cosmetic 

%A 
Electrical 

%A 
Mechanical 

%A 

No 
Desc 
%A 

January 2007 12% 28% 59% 1% 

February 2007 13% 26% 61% 0% 

March 2007 15% 24% 61% 0% 

April 2007 15% 23% 61% 1% 

May 2007 21% 19% 59% 0% 

June 2007 16% 21% 62% 1% 

July 2007 19% 20% 60% 0% 

August 2007 21% 22% 57% 0% 

September 2007 17% 21% 62% 0% 

October 2007 20% 20% 60% 1% 

November 2007 32% 17% 51% 0% 

December 2007 29% 16% 54% 1% 

January 2008 23% 19% 58% 1% 

February 2008 22% 19% 59% 1% 

March 2008 17% 20% 62% 1% 

April 2008 16% 21% 62% 1% 

May 2008 19% 20% 60% 0% 

June 2008 17% 22% 61% 1% 

July 2008 17% 20% 62% 1% 

August 2008 13% 21% 65% 1% 

September 2008 16% 20% 63% 1% 

October 2008 14% 21% 64% 1% 

November 2008 16% 22% 61% 1% 

December 2008 14% 22% 63% 1% 

January 2009 14% 22% 64% 0% 

February 2009 13% 22% 65% 0% 

March 2009 14% 23% 63% 1% 

April 2009 16% 20% 63% 1% 

May 2009 14% 21% 64% 1% 

June 2009 15% 18% 67% 1% 

July 2009 15% 17% 67% 1% 

August 2009 15% 17% 68% 1% 

September 2009 16% 17% 66% 0% 

October 2009 16% 17% 66% 1% 
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November 2009 14% 17% 69% 0% 

December 2009 13% 18% 69% 0% 

January 2010 12% 15% 72% 0% 

February 2010 12% 15% 72% 0% 

March 2010 12% 15% 73% 0% 

April 2010 12% 15% 72% 0% 

May 2010 13% 16% 71% 1% 

June 2010 14% 15% 70% 0% 

July 2010 12% 16% 72% 0% 

August 2010 13% 15% 72% 0% 

September 2010 14% 17% 68% 1% 

October 2010 15% 15% 69% 1% 

November 2010 13% 16% 70% 1% 

December 2010 14% 16% 69% 0% 

 

Month Year 
Cosmetic% 

B 
Electrical 

%B 
Mechanical 

%B 

No 
Desc 
%B 

January 2007 20% 17% 63% 1% 

February 2007 31% 12% 56% 0% 

March 2007 25% 14% 61% 0% 

April 2007 24% 22% 55% 0% 

May 2007 24% 13% 63% 1% 

June 2007 33% 12% 55% 0% 

July 2007 22% 17% 61% 0% 

August 2007 16% 26% 56% 1% 

September 2007 17% 23% 60% 1% 

October 2007 23% 15% 58% 2% 

November 2007 19% 12% 69% 0% 

December 2007 26% 16% 58% 0% 

January 2008 24% 16% 59% 0% 

February 2008 21% 12% 65% 1% 

March 2008 23% 12% 64% 1% 

April 2008 26% 17% 57% 0% 

May 2008 24% 17% 59% 1% 

June 2008 25% 18% 57% 0% 

July 2008 26% 15% 59% 0% 

August 2008 23% 15% 61% 0% 

September 2008 21% 12% 67% 0% 

October 2008 21% 17% 62% 0% 

November 2008 24% 18% 57% 0% 
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December 2008 23% 14% 62% 1% 

January 2009 26% 15% 60% 0% 

February 2009 28% 14% 56% 2% 

March 2009 33% 14% 53% 0% 

April 2009 19% 14% 66% 0% 

May 2009 33% 14% 52% 1% 

June 2009 19% 12% 69% 0% 

July 2009 27% 5% 67% 1% 

August 2009 25% 12% 63% 0% 

September 2009 28% 17% 54% 1% 

October 2009 25% 20% 55% 0% 

November 2009 9% 9% 82% 0% 

December 2009 28% 8% 64% 0% 

January 2010 26% 7% 66% 0% 

February 2010 21% 15% 64% 0% 

March 2010 17% 6% 74% 3% 

April 2010 28% 14% 58% 0% 

May 2010 27% 15% 58% 0% 

June 2010 18% 10% 72% 0% 

July 2010 20% 10% 70% 1% 

August 2010 20% 14% 66% 0% 

September 2010 44% 7% 48% 1% 

October 2010 35% 11% 54% 0% 

November 2010 29% 6% 66% 0% 

December 2010 15% 17% 68% 0% 
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APPENDIX F: COUNT OF WARRANTY CLAIMS BY BRAND AND COST BY DATE 

Month Year Low $ A Low $ B 
High $ 
A 

High $ B 

January 2007 3407 36 78 144 

February 2007 2346 2 60 122 

March 2007 2751 53 122 263 

April 2007 2709 30 49 213 

May 2007 3877 36 129 247 

June 2007 3698 48 123 87 

July 2007 3811 4 240 27 

August 2007 4564 29 300 108 

September 2007 3653 8 222 189 

October 2007 4418 24 214 133 

November 2007 4551 20 431 290 

December 2007 3063 13 118 45 

January 2008 3431 42 335 190 

February 2008 2925 25 103 142 

March 2008 3077 21 163 133 

April 2008 5136 24 92 126 

May 2008 4483 40 85 77 

June 2008 4320 5 127 44 

July 2008 3239 30 98 69 

August 2008 4701 8 241 115 

September 2008 2751 16 84 104 

October 2008 3094 28 114 83 

November 2008 2102 19 103 59 

December 2008 2261 30 76 100 

January 2009 3149 12 115 91 

February 2009 3034 18 110 194 

March 2009 2653 8 110 143 

April 2009 3004 7 83 150 

May 2009 3266 7 11 126 

June 2009 4314 17 28 299 

July 2009 3288 0 10 227 

August 2009 3262 29 22 250 

September 2009 3127 30 35 233 

October 2009 3373 5 20 238 

November 2009 2302 0 15 227 

December 2009 1899 0 34 207 

January 2010 3089 0 1 180 
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February 2010 2462 1 19 181 

March 2010 2917 0 0 130 

April 2010 3022 23 0 210 

May 2010 3208 0 2 183 

June 2010 3179 1 0 203 

July 2010 2376 1 1 167 

August 2010 2003 6 0 189 

September 2010 2083 0 0 75 

October 2010 2313 4 0 61 

November 2010 2084 0 0 0 

December 2010 1182 0 0 0 

  



111 

APPENDIX G: PERCENTAGE OF WARRANTY CLAIMS BY BRAND AND COST BY 

DATE 

Month Year 
Low $ A 
Fail % 

Low $ B 
Fail % 

High $ 
A Fail % 

High $ B 
Fail % 

January 2007 10% 12% 26% 23% 

February 2007 9% 50% 21% 19% 

March 2007 8% 13% 19% 23% 

April 2007 9% 15% 23% 28% 

May 2007 10% 17% 22% 26% 

June 2007 10% 19% 22% 22% 

July 2007 11% 0% 36% 26% 

August 2007 12% 15% 31% 22% 

September 2007 10% 8% 28% 20% 

October 2007 11% 12% 30% 20% 

November 2007 13% 10% 32% 18% 

December 2007 11% 13% 24% 23% 

January 2008 11% 14% 33% 21% 

February 2008 11% 25% 32% 23% 

March 2008 11% 11% 26% 20% 

April 2008 12% 16% 22% 19% 

May 2008 13% 20% 24% 19% 

June 2008 11% 11% 25% 29% 

July 2008 12% 12% 22% 16% 

August 2008 13% 10% 26% 45% 

September 2008 11% 8% 16% 15% 

October 2008 10% 14% 19% 20% 

November 2008 12% 20% 22% 25% 

December 2008 10% 16% 19% 21% 

January 2009 11% 9% 17% 19% 

February 2009 11% 13% 19% 19% 

March 2009 10% 17% 11% 21% 

April 2009 10% 8% 20% 24% 

May 2009 10% 18% 15% 24% 

June 2009 14% 8% 24% 23% 

July 2009 12% 0% 17% 27% 

August 2009 10% 13% 12% 16% 

September 2009 10% 10% 16% 14% 

October 2009 9% 7% 13% 14% 

November 2009 9% 0% 9% 39% 
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December 2009 8% 0% 7% 24% 

January 2010 9% 0% 0% 10% 

February 2010 8% 13% 14% 15% 

March 2010 8% 0% 0% 39% 

April 2010 8% 10% 0% 30% 

May 2010 7% 0% 0% 19% 

June 2010 7% 0% 0% 15% 

July 2010 6% 2% 0% 13% 

August 2010 5% 13% 0% 17% 

September 2010 5% 0% 0% 7% 

October 2010 5% 8% 0% 4% 

November 2010 5% 0% 0% 0% 

December 2010 5% 0% 0% 0% 
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APPENDIX H: RESEARCH QUESTION 1 STATISTICS OUTPUT 

Minitab output 

F-Test (Normal Distribution) 

Test statistic = 0.09, p-value = 0.000 

 

Levene's Test (Any Continuous Distribution) 

Test statistic = 11.62, p-value = 0.001 

 

Mann-Whitney Test and CI: Warranty %A, Warranty %B  

 

                N    Median 

Warranty %A   48   0.10228 

Warranty %B   48   0.18746 

 

 

Point estimate for ETA1-ETA2 is -0.07849 

95.0 Percent CI for ETA1-ETA2 is (-0.11467,-0.05332) 

W = 1662.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0000 

 

Two-sample T for Warranty %A vs Warranty %B 

 

                N     Mean    StDev   SE Mean 

Warranty %A   48   0.0964   0.0457    0.0066 

Warranty %B   48    0.209    0.153     0.022 

 

Difference = mu (Warranty %A) - mu (Warranty %B) 

Estimate for difference:  -0.1129 

95% CI for difference:  (-0.1592, -0.0666) 

T-Test of difference = 0 (vs not =): T-Value = -4.89  P-Value = 0.000  DF = 55 

 

Paired T for Warranty %A - Warranty %B 

 

              N     Mean   StDev  SE Mean 

Warranty %A   48    0.0964   0.0457    0.0066 

Warranty %B   48    0.2093   0.1534    0.0221 

Difference     48   -0.1129   0.1208    0.0174 

 

95% CI for mean difference: (-0.1480, -0.0778) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -6.48  P-Value = 0.000 
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APPENDIX I: WARRANTY PART REPLACEMENT PROBABILITY PLOTS 
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Normal Probability Plot of Mechanical % A

Mechanical %A

Linear (Mechanical %A)

R² = 0.967
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Normal Probability Plot of Mechanical % B

Mechanical %B

Linear (Mechanical %B)

R² = 0.9448
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Normal Probability Plot of Electrical %A

Electrical  %A

Linear (Electrical  %A)

R² = 0.9742
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Normal Probability Plot of Electrical% B

Electrical %B

Linear (Electrical %B)

R² = 0.7788

-3 -2 -1 0 1 2 3

Normal Probability Plot of Cosmetic %A

Cosmetic %A

Linear (Cosmetic %A)

R² = 0.9539

-3 -2 -1 0 1 2 3

Normal Probability Plot of Cosmetic % B

Cosmetic %B

Linear (Cosmetic %B)
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APPENDIX J: RESEARCH QUESTION 2 STATISTICS OUTPUT 

MECHANICAL %A VS MECHANICAL %B 

     DF1   DF2  Statistic  P-Value 

F Test (normal)                    47    47       0.65     0.146 

Levene's Test (any continuous)     1    94       1.30     0.257 

 

ELECTRICAL %A VS ELECTRICAL %B 

     DF1   DF2  Statistic  P-Value 

F Test (normal)                    47    47       0.51     0.022 

Levene's Test (any continuous)     1    94        1.93     0.168 

 

COSMETIC %A VS COSMETIC %B 

     DF1   DF2  Statistic  P-Value 

F Test (normal)                    47    47       0.52    0.026 

Levene's Test (any continuous)     1    94       3.93    0.050 

 

Mann-Whitney Test and CI: Mechanical %A, Mechanical %B  

 

                  N    Median 

Mechanical %A   48   0.63578 

Mechanical %B   48   0.60772 

 

Point estimate for ETA1-ETA2 is 0.03234 

95.0 Percent CI for ETA1-ETA2 is (0.00926, 0.05431) 

W = 2689.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0083 

 

Two-sample T for Mechanical %A vs Mechanical %B 

 

                  N     Mean    StDev   SE Mean 

Mechanical %A   48   0.6430   0.0512    0.0074 

Mechanical %B   48   0.6150   0.0635    0.0092 

 

Difference = mu (Mechanical %A) - mu (Mechanical %B) 

Estimate for difference:  0.0280 

95% CI for difference:  (0.0046, 0.0514) 

T-Test of difference = 0 (vs not =): T-Value = 2.37  P-Value = 0.020  DF = 89 

 

Paired T for Mechanical %A - Mechanical %B 

 

                  N      Mean     StDev   SE Mean 

Mechanical %A   48   0.64298   0.05124   0.00740 

Mechanical %B   48   0.61502   0.06348   0.00916 

Difference       48   0.02796   0.06874   0.00992 
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95% CI for mean difference: (0.00800, 0.04792) 

T-Test of mean difference = 0 (vs not = 0): T-Value = 2.82  P-Value = 0.007 

 

Mann-Whitney Test and CI: Electrical %A, Electrical %B  

 

                  N    Median 

Electrical %A   48   0.19602 

Electrical %B   48   0.14125 

 

 

Point estimate for ETA1-ETA2 is 0.05087 

95.0 Percent CI for ETA1-ETA2 is (0.03614,0.06586) 

W = 3144.0 

 

Two-sample T for Electrical %A vs Electrical %B 

 

                  N     Mean    StDev   SE Mean 

Electrical %A   48   0.1916   0.0305    0.0044 

Electrical %B   48   0.1392   0.0428    0.0062 

 

Difference = mu (Electrical %A) - mu (Electrical %B) 

Estimate for difference:  0.05238 

95% CI for difference:  (0.03729, 0.06747) 

T-Test of difference = 0 (vs not =): T-Value = 6.90  P-Value = 0.000  DF = 84 

 

Paired T for Electrical %A - Electrical %B 

 

                  N      Mean     StDev  S E Mean 

Electrical %A   48   0.19160   0.03050   0.00440 

Electrical %B   48   0.13922   0.04282   0.00618 

Difference       48   0.05238   0.03970   0.00573 

 

95% CI for mean difference: (0.04085, 0.06391) 

T-Test of mean difference = 0 (vs not = 0): T-Value = 9.14  P-Value = 0.000 

 

Mann-Whitney Test and CI: Cosmetic %A, Cosmetic% B  

 

                N    Median 

Cosmetic %A   48   0.14702 

Cosmetic% B   48  0.23882 

 

Point estimate for ETA1-ETA2 is -0.08436 

95.0 Percent CI for ETA1-ETA2 is (-0.10288,-0.06608) 

W = 1415.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0000 

The test is significant at 0.0000 (adjusted for ties) 
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Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0000 

The test is significant at 0.0000 (adjusted for ties) 

 

Two-sample T for Cosmetic %A vs Cosmetic% B 

 

                N     Mean    StDev   SE Mean 

Cosmetic %A   48   0.1600   0.0417    0.0060 

Cosmetic% B   48   0.2416   0.0581    0.0084 

 

Difference = mu (Cosmetic %A) - mu (Cosmetic% B) 

Estimate for difference:  -0.0817 

95% CI for difference:  (-0.1022, -0.0611) 

T-Test of difference = 0 (vs not =): T-Value = -7.91  P-Value = 0.000  DF = 85 
 

Paired T for Cosmetic %A - Cosmetic% B 

 

                N      Mean     StDev   SE Mean 

Cosmetic %A   48   0.15999   0.04173   0.00602 

Cosmetic% B   48   0.24164   0.05806   0.00838 

Difference     48   -0.0817    0.0758    0.0109 

 

95% CI for mean difference: (-0.1037, -0.0596) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -7.46  P-Value = 0.000 
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APPENDIX K: RESEARCH QUESTION 3 STATISTICS OUTPUT  

  

  

 

 

Low $A vs High $A 

DF1   DF2   Statistic   P-Value 

F Test (normal)                    47    47        0.04      0.000 

Levene's Test (any continuous)     1    94       52.39     0.000 

 

Low $B vs High $B 

DF1   DF2   Statistic   P-Value 

F Test (normal)                    47    47        1.08      0.795 

Levene's Test (any continuous)     1    94        0.04      0.846  

 

Mann-Whitney Test and CI: Low $ A Fail %, High $ A Fail %  

 

                    N    Median 

Low $ A Fail %    48   0.10101 

High $ A Fail %   48   0.18896 

R² = 0.9181

-3 -2 -1 0 1 2 3

Normal Probability Plot of  Low Cost A 
Warranty %

Low $ A Fail %

Linear (Low $ A
Fail %)

R² = 0.9228

-3 -2 -1 0 1 2 3

Normal Probability Plot of  High Cost A 
Warranty %

High $ A Fail %

Linear (High $ A
Fail %)

R² = 0.8187

-3 -2 -1 0 1 2 3

Normal Probability Plot of  Low Cost B 
Warranty %

Low $ B Fail %

Linear (Low $ B 
Fail %)

R² = 0.9327

-3 -2 -1 0 1 2 3

Normal Probability Plot of High Cost B 
Warranty %

High $ B Fail %

Linear (High $ B Fail %)
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Point estimate for ETA1-ETA2 is -0.09102 

95.0 Percent CI for ETA1-ETA2 is (-0.11844,-0.05585) 

W = 1799.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0001 

The test is significant at 0.0001 (adjusted for ties) 

 

Two-sample T for Low $ A Fail % vs High $ A Fail % 

 

                    N     Mean    StDev   SE Mean 

Low $ A Fail %    48   0.0962   0.0225    0.0033 

High $ A Fail %   48    0.165    0.109     0.016 

 

Difference = mu (Low $ A Fail %) - mu (High $ A Fail %) 

Estimate for difference:  -0.0692 

95% CI for difference:  (-0.1016, -0.0368) 

T-Test of difference = 0 (vs not =): T-Value = -4.29  P-Value = 0.000  DF = 50 

 

Paired T for Low $ A Fail % - High $ A Fail % 

 

                    N      Mean    StDev   SE Mean 

Low $ A Fail %    48    0.0962   0.0225    0.0033 

High $ A Fail %   48    0.1654   0.1094    0.0158 

Difference        48   -0.0692   0.0917    0.0132 

 

95% CI for mean difference: (-0.0958, -0.0426) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -5.23  P-Value = 0.000 

 

  

Mann-Whitney Test and CI: Low $ B Fail %, High $ B Fail %  

 

                    N    Median 

Low $ B Fail %    48   0.10857 

High $ B Fail %   48   0.20177 

 

Point estimate for ETA1-ETA2 is -0.09839 

95.0 Percent CI for ETA1-ETA2 is (-0.12945,-0.07029) 

W = 1535.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0000 

The test is significant at 0.0000 (adjusted for ties) 

 

Two-sample T for Low $ B Fail % vs High $ B Fail % 

 

                    N     Mean    StDev   SE Mean 

Low $ B Fail %    48   0.1061   0.0881     0.013 

High $ B Fail %   48   0.2036   0.0848     0.012 
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Difference = mu (Low $ B Fail %) - mu (High $ B Fail %) 

Estimate for difference:  -0.0975 

95% CI for difference:  (-0.1325, -0.0624) 

T-Test of difference = 0 (vs not =): T-Value = -5.52  P-Value = 0.000  DF = 93 

 

Paired T for Low $ B Fail % - High $ B Fail % 

 

                    N      Mean    StDev   SE Mean 

Low $ B Fail %    48    0.1061   0.0881    0.0127 

High $ B Fail %   48    0.2036   0.0848    0.0122 

Difference        48   -0.0975   0.1151    0.0166 

 

95% CI for mean difference: (-0.1309, -0.0641) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -5.87  P-Value = 0.000 
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APPENDIX L: RESEARCH QUESTION 4 STATISTICS OUTPUT  

Low $A vs Low $B 

     DF1   DF2   Statistic   P-Value 

F Test (normal)                    47    47        0.07      0.000 

Levene's Test (any continuous)     1   94       21.02     0.000 

 

High $A vs High $B 

DF1   DF2   Statistic   P-Value 

F Test (normal)                    47    47        1.66      0.085 

Levene's Test (any continuous)     1    94        5.56      0.020 

 

Mann-Whitney Test and CI: Low $ A Fail %, Low $ B Fail %  

 

                   N    Median 

Low $ A Fail %   48   0.10101 

Low $ B Fail %   48   0.10857 

 

Point estimate for ETA1-ETA2 is -0.01198 

95.0 Percent CI for ETA1-ETA2 is (-0.02955,0.00870) 

W = 2169.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.2455 

The test is significant at 0.2451 (adjusted for ties) 

 

Two-sample T for Low $ A Fail % vs Low $ B Fail % 

 

                   N     Mean    StDev   SE Mean 

Low $ A Fail %   48   0.0962   0.0225    0.0033 

Low $ B Fail %   48   0.1061   0.0881     0.013 

 

Difference = mu (Low $ A Fail %) - mu (Low $ B Fail %) 

Estimate for difference:  -0.0099 

95% CI for difference:  (-0.0363, 0.0164) 

T-Test of difference = 0 (vs not =): T-Value = -0.76  P-Value = 0.452  DF = 53 

  

Paired T for Low $ A Fail % - Low $ B Fail % 

 

                   N      Mean    StDev   SE Mean 

Low $ A Fail %   48    0.0962   0.0225    0.0033 

Low $ B Fail %   48    0.1061   0.0881    0.0127 

Difference        48   -0.0099   0.0833    0.0120 

 

95% CI for mean difference: (-0.0341, 0.0143) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -0.83  P-Value = 0.413 

 

Mann-Whitney Test and CI: High $ A Fail %, High $ B Fail %  
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                    N    Median 

High $ A Fail %   48   0.18896 

High $ B Fail %   48   0.20177 

 

Point estimate for ETA1-ETA2 is -0.02346 

95.0 Percent CI for ETA1-ETA2 is (-0.06586,0.01081) 

W = 2161.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.2224 

The test is significant at 0.2219 (adjusted for ties) 

 

Two-sample T for High $ A Fail % vs High $ B Fail % 

 

                    N     Mean    StDev   SE Mean 

High $ A Fail %   48    0.165    0.109     0.016 

High $ B Fail %   48   0.2036   0.0848     0.012 

 

Difference = mu (High $ A Fail %) - mu (High $ B Fail %) 

Estimate for difference:  -0.0382 

95% CI for difference:  (-0.0779, 0.0015) 

T-Test of difference = 0 (vs not =): T-Value = -1.91  P-Value = 0.059  DF = 88 

 

Paired T for High $ A Fail % - High $ B Fail % 

 

                    N      Mean    StDev   SE Mean 

High $ A Fail %   48    0.1654   0.1094    0.0158 

High $ B Fail %   48    0.2036   0.0848    0.0122 

Difference        48   -0.0382   0.1106    0.0160 

 

95% CI for mean difference: (-0.0704, -0.0061) 

T-Test of mean difference = 0 (vs not = 0): T-Value = -2.40  P-Value = 0.021 


