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ABSTRACT

Current trends in industry require focusing on the consumer's point of view on product quality and
reliability. Existing field feedback could support product development departments in predicting,
solving, and preventing consumer dissatisfaction. In order to enable product development
departments to use this feedback, useful field feedback information has to be extracted from different
sources. An evaluation model was developed to assess the information quality of existing sources of
field feedback.
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SUMMARY

Research background
Research on current trends in industry related to product quality and reliability pointed out that
(Brombacher & De Graef, 2001) (i) product complexity increases, (ii) consumer demands increase, (iii)
the complexity of the underlying business processes increases, (iv) a product's time-to-market
decreases, and (v) market complexity increases. The effect of these trends is that companies
nowadays have less time to discover and clarify more product specifications that are also needed
earlier in the PDP while having to deal with more complex business processes. Research has turned
out that companies experience difficulties in dealing with quality and reliability aspects under the
pressure of the given trends:

• the decreasing trend in the average percentage of consumers complaining about new
products switched to an increasing trend at the end of the nineties, despite various available
and applied tools for improving product quality and reliability (Den Duden et aI., 2006).

• the percentage of claims of which the cause could not be determined, strongly increased for
high-volume CE products (Brombacher et aI., 2005).

• From an in-depth analysis of the reasons for product returns, Den Duden et al. (2006)
concluded that only 52% of the returns could be ascribed to technical failures.

The conclusion is that the consumer's perspective on quality and reliability is becoming more and
more important. This has lead to the introduction of the terms (Brombacher et aI., 2005):

• technical failure: a product fails to meet its technical specifications;
• non-technical failure: a product fails to meet customer expectations but does meet its

technical specifications.

Technical failures are not new to companies and a great variety of tools are available to find, analyze,
and prevent them. Non-technical failures, however, are new. These failures are the result of a gap
between consumer expectations and perceived product performance. There is a strong need to reduce
this gap and this is why the consumer perspective of product quality and reliability nowadays is very
important. The specific focus of this research is on these non-technical failures.

The effect of the trends on product quality and reliability is that business processes tend to shift
towards type A business processes that produce highly innovative products of which the economical
lifetime is much shorter than the technical lifetime. For these business processes, only 'hidden O-hour
failures' and 'early wear out failures' are important. However, learning and managing quality and
reliability is currently based on 'random failures' and 'systematic wear-out'. The metrics used for the
latter two failures classes are incompatible for the first two failure classes that can be both technical
or non-technical (Brombacher et al. (2005).

The identified trends in industry also led to different problems concerning the information flows in a
PDP:

• there is a trade-off between constructing the product specifications as much as possible to
reduce uncertainty and risk, and starting with incomplete product specifications to reduce
development time.

• field feedback from first generation products currently is not available on time (Petkova,
2003).

• communication is becoming more and more difficult.
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Current research is aimed at preventing consumer dissatisfaction by reducing the gap between
product specifications and consumer expectations by making (better) use of mainly qualitative field
feedback information in structurally very diverse consumer information sources (CIS): (i) service data,
(ii) helpdesk data, (iii) internet data, (iv) trade data, and (v) test data obtained during the PDP.

One currently aims at enabling the automatically extraction of rich datasets, via data fusion and data
mining, from the existing CIS to create a new consumer information source. Key consumers of the
information in this new source would be the personnel responsible for condensing and prioritizing
information in current field feedback data. However, before spending a lot of resources on developing
data fusion and mining algorithms, one first must analyze the quality and content of the information in
the existing CIS and evaluate if and to what extent this information is useful for PODs. This thesis
focused on exploring existing CIS to see which information is present in them and to determine to
what extent PODs could use them to predict, solve, and prevent consumer dissatisfaction with a
specific focus on non-technical failures.

Research questions
The central research question of this research was:

To what extent can product development departments be supported in predicting, solving, and
preventing consumer dissatisfaction by information extracted from field feedback data?

This central research question was divided into more specific research questions and sub-questions.

1. Which information do product development departments need to predict, solve, and prevent
consumer dissatisfaction?

2. How can the inherentquality of the information in different consumer information sources be

assessed?
a. What is quality of information in the specific context of this research?
b. Which elements should be included in a model to assess the quality of the

information in different consumer information sources?
c. How can these elements be effectively operationalized and measured?

3. What does an assessment of the information quality of different consumer information
sources tell us about the applicability of the evaluation model and the quality of the
information of these information sources?

a. Is the model applicable for all information sources?
b. Which information is currently present in the different information sources?

Content and quality of information
Information about consumers' expectations and perceived product performance is needed to predict,
solve, and prevent consumer dissatisfaction (research question 1). On its turn, information about the
consumer, environmental, and activity context is needed to understand consumer perceived product
performance and to prioritize failures from a product development point of view. Additional
information that could be used for failure prioritization is the perceived severity and frequency of
occurrence of the failure.

Wang & Strong (1996) divided IQ from an information consumers point of view into four categories: (i)
intrinsic (ii) contextual, (iii) representational, and (iv) accessibility IQ. This research only focussed on
contextual IQ due to time restrictions, and the following aspects then are important: (i) added value,
(ii) relevancy, (iii) completeness, (iv) timeliness, and (v) appropriate amount. Brombacher & Sander
(2005) identified three essentiallQ aspects from a product quality and reliability point of view: (i) the
deployment of the information to the relevant people in the organization, (ii) the time it requires to
obtain and deploy the information, and (iii) the level of detail of the information. The latter should be
such that PODs are able to: (i) prioritise further actions, (ii) identify root-causes, and (iii) identify the
relevant actors in a business process.
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Both points of view were combined to come to the IQ in the context of this research (research question
2a):

• Timeliness of the information by focusing on the moment every instance was available;
• Level of detail of the information in every instance which is important to assess the:

o ability to determine root-causes

o ability to prioritize further actions

• Completeness of a CIS as a whole;

• Appropriate amount of the information in a CIS as a whole.

Evaluation model
An evaluation model that could be used for a first assessment of the IQ of existing CIS was
constructed based on the IQ aspects timeliness and level of detail. This model consisted of four
branches:

• Timeliness, focused on the entry time of an instance;
• Business aspects, focused on identifying the failure reported in an instance;

• Context of occurrence, focused on the environmental and activity context in which the failure
occurred;

• Consumer, focused on the consumer that perceived the failure.

After the data assessment with the evaluation model, every instance is assigned to one category for

the elements of the model. The information content of a CIS can then be evaluated by constructing
frequency tables and graphs. A (qualitative) analysis of these graphs then leads to and evaluation of
the IQ of the different CIS.

Conclusions and suggestions for further research
Helpdesk, internet, and test data from four different highly innovative CE products were assessed by
four raters by using the developed evaluation model. The results of this assessment had an

acceptable reliability for most elements (22 of the 26). These elements were used for further research.
For some of these elements, the assessment results of a certain rater were excluded.

The case study did not result in very revolutionary new insights but provided additional evidence

about the information content and quality of the examined CIS. Timeliness was difficult to evaluate; it
was concluded that test data was available (much) sooner than helpdesk and internet data. An
analysis of the information content (level of detail) of the different CIS did not result in very

remarkable findings as compared to the characteristics of the CIS. The analysis showed that test data
contained a considerable amount of information concerning the context of occurrence and the

consumer, in contrast to helpdesk and internet data. Both the ability to determine root-causes and
prioritize failures were expected to be low for helpdesk and internet data as they contained very little

information about the context of occurrence and the consumer. These abilities were expected to be
sufficient for test data as it contained considerable information about the context of occurrence and

the consumer. Based on these results, test data is most interesting for a detailed further analysis.

In order to assess the external validation of the model, real field feedback data from various sources
of products with different degrees of innovativeness, from different manufacturers, countries, and

industries still needs to be assessed. This research must include service centre and trade data. The

intrinsic, representational, and accessibility IQ aspects must then also be taken into account.
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1. INTRODUCTION

The outline of this chapter is given as follows. Section 1.1 briefly introduces the background and
objectives ofthe research described in this thesis. The structure ofthe report is explained in section
1.2. Finally, section 1.3gives the definition ofkey concepts to preventmisunderstandings.

1.1. Introduction to the research backgroundandobjectives
Currently, product development departments (PDDs) struggle to find and maintain a balance between
product performance and innovation on the one hand and product quality and reliability on the other
hand (Brombacher et aI., 2004). This is caused by several trends in industry (Brombacher & De Graef,
2001): (i) increasing product complexity, (ii) increasing market complexity, (iii) increasing consumer
demands, (iv) increasing complexity of business processes, and (v) increasing pressure on a product's
time-to-market. A good example of such an industry is the high-volume consumer electronics (CE)

industry.

In their 'race to the market', companies try to reduce the length of their product development process
(PDP) by skipping time consuming activities like testing. As a result, companies not seldom overlook
possible risks and bring immature products on the market (Ulrich & Eppinger, 2004). This has lead to
an increase in the number of complaints about new products in the last decade, despite the
availability and use of a wide variety of design tools (Den Ouden et aI., 2006). Research has shown
that especially the non-technical complaints strongly increase in number. These are complaints due to
the product not meeting the expectations of the consumer. It is therefore vital for companies to know
what the consumers expect from their product; consumers have the power and must not be treated as
a 'necessary evil' as is done by many companies according to Van Bel (2007).

More and more companies realise that the information they currently use to improve product quality is
not sufficient because it is, amongst others, (i) not detailed enough, (ii) not focussed on the non
technical complaints, (iii) available too late (Brombacher et aI., 2005). According to Turieo and Devine,
(2003), "designers and developers have only sparse, anecdotal information available to them about
user response to a system, and there is no systematic collection or interpretation of user feedback"
(pp. 1). They wonder therefore how PDDs "proceed to address the needs of the user when there is a
general sense that users - and other stakeholder groups - are dissatisfied with a product, but the
feedback is vague, inconsistent, and often times conflicting" (Turieo and Devine, 2003, pp. 1). Den
Ouden et al. (2006) recently argued that different already existing consumer information sources (CIS)
contain parts of the information that is needed by PDDs to improve product quality especially from the
consumers' perspective. These CIS are service centre data, helpdesk data, internet data, trade data,
and test data.

Due to the large amount of available data and the pressure on the time-to-market, companies cannot
process all the mentioned data manually and means to aggregate and present these data are needed.
This is the final goal of one of the current research projects within the Quality and Reliability sub
department of Eindhoven University of Technology. The research described in this thesis is part of this
research project and analysed to what extend PDDs can be supported in predicting, solving, and
preventing consumer dissatisfaction by information extracted from these field feedback data. First,
the information needed by PDDs was determined. Second, an evaluation model was developed to do a
first assessmentof the information quality of the CIS. Third, the evaluation model was applied to field
feedback data for the first time to get an idea of the applicability and reliability of this model. In
addition, the case study also resulted in an evaluation of the information content and quality of the
CIS under study.
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1.2. Structure ofthe report
The remainder of the thesis is organized as follows:

• Chapter 2 elaborates on the research background and context in detail.

• Chapter 3 describes the design, approach and research questions of this research.

• Chapter 4 discusses the results of a literature study on (i) the information needed by PODs to

predict, solve, and prevent consumer dissatisfaction and (ii) information quality from a

design-oriented and consumer-focused quality and reliability perspective.

• Chapter 5 derives an evaluation model that can be used to evaluate the information quality
of existing CIS.

• Chapter 6 describes the case study on real field feedback data and its results.

• Chapter 7 finally presents the conclusions and gives suggestions for further research.

1.3. Definition ofconcepts
This section lists the definitions of the key concepts used in this report to prevent misunderstandings.

The definitions given in this section are chosen based on the research context and focus.

Data:

Information:

"representations of observations & measurements" (Hislop, 2005).

"data arranged in a meaningful pattern" (Hislop, 2005).

The terms 'data' and 'information' will be used interchangeably in this report.

PDP:

Failure:

Consumer:

Performance:

Consumer satisfaction:

Quality:

Reliability:

Root-cause of failure:

Technical failure:

Non-technical failure:

Field feedback:

"conformance to customer expectations" (Berden et aI., 2000).

"the probability that a system will perform its intended function for a specific

period of time under a given set of conditions" (Petkova, 2003, pp. 6)

"the perceived amount of product or service attribute outcomes received,
usually reported on an objective scale" (Oliver, 1997, pp. 28).

"a measure of the total product quality in relation to a set of customer

expectations" (Mennen, 2004, p. 9).

"all faults that are reported back to the manufacturer ... regardless of

whether or not the field-call leads to a product return" (Koca et aI., 2007a,

pp.4).

a product fails to meet its technical specifications (Brombacher et aI., 2005).

a product fails to meet customer expectations but does meet its technical

specifications (Brombacher et aI., 2005).

"most basic causal factor or factors that, if corrected or removed, will

prevent recurrence of the failure" (Petkova, 2003, pp. 6).

"a process that systematically transforms new product ideas into a set of

products that could be used by end users or to manufacture other products"

(Lu, 2002, pp. 7).

"the information related to the performance of products in interaction with

customers" (Petkova, 2003, pp. 5).

"The term is used in either the business-to-business or household context

and may refer to the firm's current customers, competitors' customers, or

current non-purchasers with similar needs or demographic characteristics.

The term does not differentiate between whether the person is a buyer or a

user target. Only a fraction of consumers will become customers." (12)

The term 'consumer' embraces both the term 'customer' and 'user' and will be used whenever

possible, because companies should not only focus on already existing customers and users but also

on potential customers and users. It is not always possible to use the term 'consumer', for example in

citations. If this is the case, the terms must be seen as interchangeable.
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2. RESEARCH BACKGROUND AND CONTEXT

Section 2.1 presents an overview of the trends identified in industry. The results on consumer
satisfaction ofthese trends are discussed in section 2.2. Before discussing the effects ofthe trends in
more detail, consumers' expectations and (dis}satisfaction are introduced (section 2.3 and 2.4); this
enhances the understanding ofthe effects ofthe trends on product quality and reliability (section 2.5)
and the information flows in the PDP (section2.6). Section 2.7 then continues with a detailed
description of the research context Finally, section 2.8 elaborates on the characteristics of the
possible interesting CIS.

2.1. Current trends in industry related to product qualityandreliability
Research on current trends in industry related to product quality and reliability pointed out that
(Brombacher & De Graef, 2001):

• product complexity increases;
• consumer demands increase;

• the complexity of the underlying business processes increases;

• a product's time-to-market (TIM) decreases;

• market complexity increases.

These trends have different implications for different types of business processes. They are especially
important for business processes that produce products which economical lifetime is much shorter
than the technical lifetime, because such business processes have to deal with a high degree of
innovation and a high degree of market, industry, and technology uncertainty (Brombacher et aL,
2005). The focus of this research is on the consumer electronics (CE) industry because CE products are
a good example of products with high levels of innovation and uncertainty and a low economical
lifetime compared to the technical lifetime. The following sections now elaborate on the identified
trends.

2.1.1. Increasing product complexity
The fast pace of technology innovation is seen as a main cause of the increasing product complexity.
Innovation makes it possible to meet the needs of consumers in new ways and has led to increasing
product functionality and interconnectivity (Geudens, 2007). In contrast to the mono-functional
products from the past, today's products have a variety of functions and can (often) interact with
numerous other products via several different interfaces. Consequences of the increasing functionality
and interconnectivity are:

• The number of components in a product increases which leads to a higher interdependency
and combinatorial complexity (see Figure 2.1).

• The difficulty of predicting every possible state of the product and consumers' interaction
with it increases and products will thus be used under unforeseen conditions for unforeseen
purposes (Brombacher et aL, 2005).

• A lot of consumers experience more and more difficulties in obtaining and maintaining a
level of expertise with the products, which results in a frustrated user-product interaction
(Hamann et aL, 2007).

• The opportunities for problems and consumer dissatisfaction go beyond the product itself
and include the interaction with other products and/or services.
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Figure 2.1 - Different types ofproduct complexity (Geudens, 2007)

2.1.2. Increasing consumer demands
Consumers become more and more demanding and expect CE to have state of the art functionality,
relatively high quality, and competitive prices (Petkova, 2003; Hamann et al., 2007). The increased
warranty periods and coverage, as shown in Table 2.1, can be seen as evidence for the increased
consumer demands1 (Petkova, 2003). If this is not enough, consumers increasingly expect that
products provide solutions to their specific expectations and needs (Lu, 2002; Hamann et al., 2007),
and companies therefore more and more pursue a strategy of offering customer-focused products with
a large degree of individuality Oiao & Chen, 2006).

Table 2.1 - Changes in product warranty in the period 1989 - 1999 (8rombacher, 2000)

Dealer / service organization

Via service centre

3 years

Any consumer complaints

Helpdesks (free phone number)

Replacement at home

2.1.3. Increasing complexity of the underlying business processes
Because sales prices are under pressure, companies are forced to decrease their production costs. A
lot of companies therefore focus on their core-business and adopt outsourcing or subcontracting
and/or move (different divisions) to different parts of the world (Petkova, 2003). The number of parties
involved in a company's PDP and supply chain thus increases which increases the need for co
operation and high quality communication. These business processes and the related information
flows are increasingly complex to manage (Brombacher et al., 2005).

2.1.4. Decreasing time-to-market
Strong competition in the CE industry puts enormous pressure on the TIM. Companies want to be the
first on the market to set the standard, build their image, and get early market feedback (Lu, 2002).
Currently, "it is better to be the first to market with a good product than to be the last to market with
the best product" (Lu et al., 2000, pp. 17). In their race to product launch, companies try to shorten
the product development time where possible by, for example, executing product development
activities in parallel instead of sequential and speeding up or eliminating time-consuming activities
like testing.

1 Note that companies also try to persuade consumers to buy extended warranty periods because of the high profit margins on

them as compared to those on the products which are under pressure (Maronick, 2007).
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2.1.5. Increased market complexity
New products take far less time before they are sold in high quantities and reach their peak of sales

much earlierthan old products (Minderhoud & Fraser, 2005; Geudens, 2007). The consequence of this
increased speed of product adoption is that (i) the length of a product's life cycle decreases (see
appendix A), and (ij) products arrive at different types of consumers that each have their own

expectations. These expectations may conflict with each other. In addition to this, increasing market
globalization also leads to a greater variety in consumer expectations because consumers worldwide

have different habits related to the product and use the same product in different environments.

2.2. Results ofthe identified trends on consumersatisfaction
The effect of the trends identified in the previous section is that companies nowadays have less time

to discover and clarify more product specifications that are also needed earlier in the PDP while

having to deal with more complex business processes. Research has turned out that companies
experience difficulties in dealing with quality and reliability aspects under the pressure of the trends:

• Figure 2.2 shows that the decreasing trend in the average percentage of consumers
complaining about new products switched to an increasing trend at the end of the nineties,

despite various available and applied tools for improving product quality and reliability (Den
Ouden et al., 2006).

• Figure 2.3 shows that the percentage of claims of which the cause could not be determined,
strongly increased for high-volume CE products (Brombacher et al., 2005).

• From an in-depth analysis of the reasons for product returns, Den Ouden et al. (2006)
concluded that only 52% of the returns could be ascribed to technical failures.
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Figure 2.2 - Average percentage ofconsumers

complaining about newproducts (Den Ouden et al., 2006)

Figure 2.3 - Percentage ofclaims where no fault

could be found (Brombacher etal., 2005)

The conclusion is that the consumer's perspective on quality and reliability is becoming more and
more important: "A problem is a problem when the consumer feels it is a problem" (Broadbridge &

Marshall, 1995, pp. 8). This has lead to the introduction of the terms (Brombacher et al., 2005):

• technical failure: a product fails to meet its technical specifications;

• non-technical failure: a product fails to meet customer expectations but does meet its
technical specifications.

Technical failures are not new to companies and a great variety of tools are available to find, analyze,
and prevent them. Non-technical failures, however, are new. These failures are the result of a gap

between consumer expectations and perceived product performance. There is a strong need to reduce
this gap and this is why the consumer perspective of product quality and reliability nowadays is very
important. The specific focus of this research is on these non-technical failures. A deeper
understanding of consumer expectations and (dis)satisfaction is thus required before being able to
predict, solve, and prevent non-technical failures. They will therefore be introduced first (section 2.3

and 2.4). After that, the effects on product quality and reliability and the information flows in the PDP
will be discussed in detail (section 2.5 and 2.6).
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2.3. Consumer expectations and the consumerprocess
2.3.1. Building expectations before buying a product
According to Spreng et al. (1996), higher-level needs and values of a person lead to desires for a
certain produce that can provide certain benefits. These benefits lead to the specification of product
attributes and their desired levels. Consumers then buy products to "fulfil their desires, to 'satisfy'
needs, and to achieve valued end states of consumption" (Oliver, 1997, pp. 78). The starting point of
the consumer process of a product (see Figure 2.4) is the moment at which a consumer has actively
perceived a need. Consumers then search for information about available product alternatives of
which they expect that they will fulfil their desires (the 'Pre-Sales' phase). Consumers have multiple
expectations about a single product instead of one single expectation. In addition, the perceived
importance of a certain product attribute can also differ for every individual. Kano et al. (1984)
therefore divided product attributes into three different categories as explained in appendix B. In
short, "we have to recognise that quality is a multi-dimensional concept, that it means many things
for many people" (Kusters et aI., 1997, pp. 184).

PurchaseConsumer Experience
Consumer rre-sale11 Point of Sales
Process .

Areas of
Dissatisfaction

_o__ut_o_f_th_e_B_O_x__IIL-_E_x_te_n_d_e_d__u_s_e_

Figure 2.4 - Consumerprocess andareas ofdissatisfaction (Den Ouden etal., 2006)

At the end of the Pre-Sales phase, the collected product information is evaluated. Hamann et al.
(2007) argue that nowadays, consumers are no longer able to evaluate every single piece of
information due to the increasing offer of products and information about them. As a result, the
evaluation of product alternatives is often more important than the evaluation of the collected
information. The most important factors that consumers consider when evaluating product
alternatives are (i) product usability, (ii) functionality, (iii) price, and (iv) after sales quality (Han et aI.,
2001; Hamann et aI., 2007). Usability is here defined as "the degree to which the users are satisfied
with the product with respect to both the performance and the image/impression" (Han et aI., 2001,
pp. 143). This means that CE products should not only be efficient and easy to use but must also have
an appealing design; CE are not only seen as a tool but also a means to express one's personality and

lifestyle.

After evaluating the different product alternatives, a choice is made for that specific product of which
the consumer expects that it will fulfil his/her desires best (Spreng et aI., 1996)3. It is important to
realize that dissatisfaction about a specific product in this phase does (often) not result in actual
complaints about a product, but results in not buying that specific product alternative. When the
choice for a specific product is made, one moves on to the 'Point of Sales' phase in which the
consumer decides where to buy the product. Both the Pre-Sales and 'Point of sales' phase are very
important for understanding consumer dissatisfaction because consumer expectations about the
future performance of a product, that form the standard for performance evaluation later on, are
shaped during these phases (Oliver, 1997).

2 Product refers here to both a manufactured good (including accessories) and a service.
3 It is of course possible that a consumer decides to buy none of the product alternatives, however, it is assumed here that a

consumer decides to buy one of the alternatives.
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2.3.2. Evaluating a product's performance after buying a product
After buying a product, a consumer unpacks, installs, and uses the product for the first time. This is
called the 'Out of the box' phase (see Figure 2.4) which is important because:

• It may be the first interaction with the company and it is important that the consumer gets a
positive first impression of the product and company [11].

• The consumer is unlikely to be familiar with the product and can therefore experience a lot of
problems; correct support in this phase can create a positive image of the company [11].

• The amount of product returns is very high in the first weeks after purchase because
consumers do not know how to operate the product or because the product does not meet
the consumer's expectations (Boersma, 2001).

• It is the point at which consumers need to affirm that their product choice and buying
decision was wise [11].

According to Geudens et al. (2005), possible problems experienced in this phase depend on the type
of consumer; different types of consumers will have different expectations about a product and will
therefore experience different types of dissatisfaction for the same product (see appendix C). After
installing and first using4 the product, the 'Extended use' phase begins (see Figure 2.4). Possible
problems here can concern the usability and/or the lifetime of the product. Finally, the 'End of use'
phase (not shown in Figure 2.4) was outside the scope of this project and is therefore not discussed
any further.

2.4. Consumer(dis)satisfaction
The perceived performance of the product can confirm or disconfirm a consumer's expectations and a
product can or cannot fulfil a consumer's desires. Not all scholars have recognized the importance of
desires for consumer satisfaction which has lead to "logical inconsistencies such as predicting that a
consumer who expects and receives poor performance will be satisfied" (Spreng et aI., 1996, pp. 15).
Desires can help to explain possible changing consumer satisfaction with a product over time, such as
the birth of a child leading to a desire for a larger car and therefore (possible) dissatisfaction with the
current car. Note that this research was not aimed at a detailed exploration of the relation between
desires and expectations and their relative importance. Therefore, both were considered to be
important.

An individual evaluation of the sum of various positive and negative interpretations of the different
performance levels determines the level of consumer (dis)satisfaction. These interpretations depend
on higher-level needs and values that are unique for every individual and can change over time
(Boztepe, 2007a). Consumer satisfaction is therefore defined in this report as "a measure of the total
product quality in relation to a set of customer expectations" (Mennen, 2004, pp. 9). Every individual
can thus experience a product's performance differently as shown in Table 2.2.

Table 2.2 - Example ofdifferent satisfaction levels oftwo consumers (Oliver, 1997, pp. 107)

Expectation

Performance outcome

Numeric difference

Subjective disconfirmation

Expressed (dis)satisfaction

Consumer A

20 miles per gallon

25 miles per gallon

+ 5 miles per gallon

Better than expected

"Great"

Consumer B

30 miles per gallon

25 miles per gallon

• 5 miles per gallon

Worse than expected

"Mad as hell"

4 First use is defined as "playing with the basic functions of the product until the basic functions are understood by the
customer" (Van Beurden et at, 2004, pp. 49).
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2.4.1. Responses of dissatisfied consumers
In general, there are three types of responses possible if a consumer is dissatisfied (Broadbridge &

Marshall, 1995; Chelminski, 2003):

1. do nothing;
2. take private action such as switching brands or warning family and friends;

3. take public action such as contacting the supplier/manufacturer to complain, complain via
the media, or return the product.

The type of response that will be chosen again is the result of a personal evaluation and depends on
several factors (Den Duden et aI., 2006):

• the degree of dissatisfaction; a failure of a product attribute with high perceived importance
will result in a higher perceived severity and a higher degree of dissatisfaction (Gielen,
2007).

• personal characteristics like the attitude towards complaining and a consumer's cultural
background; consumers from an individualistic culture would take more often public action
than those from a collective culture (Broadbridge & Marshall, 1995; Cho et aI., 2002;
Chelminski, 2003). There is, however, no consistency in literature about further demographic
variables that have discriminatory power as determinants of consumers' propensity to
complain (Broadbridge & Marshall, 1995).

• the perceived reason for a failure; consumers often project the problems that are caused by
the system in which a product has to function on the product due to poor understanding of
the system (Palen & Salzman, 2002).

• the expected benefit from taking action (Broadbridge & Marshall, 1995).

• situational influences like feelings of embarrassment and perceived shortcomings in a
business (Broadbridge & Marshall, 1995; Cho et aI., 2002).

Past research has show that a significant percentage of consumers do nothing or only take private
action when they are dissatisfied (Broadbridge & Marshall, 1995, Chelminski, 2003). Consumer
dissatisfaction in the pre-sales phase, resulting in not buying the product, is not even taken into
account here. This implies that a lot of information about consumer dissatisfaction does not reach the
manufacturers and field feedback data available within a company represents only a (small) part of
total consumer complaints.

Now that both consumers' expectations and (dis)satisfaction are introduced, the effects of the
identified trends in industry are discussed in more detail in the next two sections.

2.5. Effects ofthe identified trends on product quality andreliability
Different classes of quality and reliability problems can occur over the lifetime of a product as
explained in appendix D. Brombacher et al. (2005) related these different classes of problems to
different types of business processes as shown in Figure 2.5. The arrow in this figure shows the effect
of the trends on product quality and reliability: business processes tend to shift towards type A. As
Figure 2.5 shows, only class 1 and 2 failures are relevant for type A business processes because of the
short operational life of these products. However, learning and managing quality and reliability is
currently based on class 3 and class 4 failures corresponding to type Band C business processes; the
metrics used for these technical failures are incompatible for class 1 and 2 failures that can be both
technical or non-technical (Brombacher et al. (2005).
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d: typical development time (years)
pI: typical product operational life (years)
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Figure 2.5 - Effect ofcurrent trends on product quality and reliability (Brombacher et al., 2005)

2.6. Effects ofthe identified trends on information flows in the PDP
The identified trends in industry led to different problems concerning the information flows in a PDP.
First of all, there is a trade-off between constructing the product specifications as complete as
possible to reduce uncertainty and risk on the one hand, and starting with incomplete product
specifications to reduce development time on the other hand. The product specifications, a
translation of the expectations or 'voice of the consumer' (VOC), are used as a guideline during
product development and are of crucial importance to keep development activities aligned. To prevent
misunderstandings and rework in later stages of the PDP, the product specifications must be as
detailed as possible. However, capturing the VOC 5 and translating it into product specifications is an
iterative and difficult process, because expectations change constantly and consumers do not know
their own expectations sometimes Oiao & Chen, 2006). This process requires time that is not
available. As a result, some consumer requirements will not be fulfilled by the product because they
were not known on time. This, on its turn, can result in consumer dissatisfaction and complaints.

Then, to prevent consumer dissatisfaction in subsequent product generations, product development
departments (PODs) need to know which problems consumers experience. The succession of
generations of a product can, however, only help to improve a product if PODs gets field feedback with
a sufficient quality about the launched generations in time. Petkova (2003), however, found out that
this field feedback from first generation products currently is not available on time as indicated in
Figure 2.6.

Finally, communication is becoming more and more difficult because:

• the number of parties involved in the business processes increases;
• more and more language, time, and cultural barriers have to be overcome;

• parallel product development requires more intense communication.

5 Because consumers' expectations are dynamic, it is better if both the current and the future VOC are captured.
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Figure 2.6 - Development versus feedback time for high-volume CE(Brombacher et al., 2005)

2.7. Research context ofthe thesis
So far we have seen that different trends in industry have led to increased consumer dissatisfaction.
Current research is now aimed at preventing consumer dissatisfaction by reducing the gap between
product specifications and consumer expectations by making (better) use of field feedback
information. Previous research has turned out that different already existing CIS alone do not provide
the information that is needed by PDDs to predict, solve, and prevent consumer dissatisfaction, but
each information source does contain parts of this information (Den Duden et ai, 2006). These
dynamic and structurally very diverse CIS are (i) service data, (ii) helpdesk data, (iii) internet data, (iv)
trade data, and (v) test data obtained during the PDp6

• Section 2.8 elaborates further on these CIS.
Most of the data in these CIS are qualitative and interpretation tends to be subjective. Qualitative data
is very interesting for this research as "qualitative data are a source of well-grounded, rich
descriptions and explanations of processes in identifiable local contexts" (Miles & Huberman, 1994,
pp.1).

Given the described pressure on the TIM and the large amount of available qualitative data,
companies cannot process all feedback data manually. As a result, most information is lost or wasted
(GUthenke & Leiters, 1999; Romano et aI., 2003). Since "the ability to combine the information [from
internet] with that from other sources and incorporate the information appropriately into product
designs may result in quicker response and a competitive edge" (Finch & Luebbe, 1997, pp. 862),

means to objectively uncover, aggregate, and present the information from the different CIS are
needed. This is why one currently aims at enabling the automatically extraction of rich datasets, via
data fusion and data mining7

, from the existing CIS to create a new consumer information source. Key
consumers of the information in this new source would be the personnel responsible for condensing
and prioritizing information in current field feedback data. However, before spending a lot of
resources on developing data fusion and mining algorithms, one first must analyze the quality and
content of the information in the existing CIS and evaluate if and to what extent this information is
useful for PDDs. The research described in this thesis now focuses on exploring existing CIS to see
which information is present in them and to determine to what extent PDDs could use them to predict,
solve, and prevent consumer dissatisfaction with a specific focus on non-technical failures.

6 Although the information obtained from tests is not about actual products from the field, test data can certainly

be seen as field feed back data because actual consumers ('people from the field') are used during these tests.
7 In short, data fusion can be seen as the process of combining data from different sources while data mining is

the process of analyzing data in order to identify patterns. Note that at present, different data fusion, data
mining, and information retrieval techniques have already been developed to handle fixed-format data, free
form text, and a combination of both (Tan et aI., 2000).
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2.8. Possible useful information sources
This section briefly elaborates on the CIS that were expected to be interesting for this research.

2.8.1. Service centre data
Faulty products are mostly returned to service centres where they are repaired. Service centres'
databases contain information about repair actions on the products and used spare parts. Figure El in
appendix Egives a schematic overview of the existing information flows in a service centre, including
a classification of these flows on their ability to be used in a product reliability analysis and
improvement process. This figure shows that there is significant information loss in several areas
because service centres are not well designed to handle non-technical failures; products with such
failures are returned to the consumer without recording useful feedback data (Boersma et aI., 2005).
Additional problems with the usefulness of the information in service centre databases in the context
of this research are:

• "Service centres often classify the failure symptoms on the basis of the repair actions that
were taken.... However, the repair actions aim to remove the failure symptoms instead of
solving the failures from their root cause level. That means that the failure classification
does not provide any information about the root causes of the different failures" (De Visser
et aI., 2006, pp. 574).

• Den Ouden et al. (2006) concluded that the information in service centres' databases are not
detailed enough to give insight in the cause of the consumers' dissatisfaction.

• The information that flows back from service centres arrives too late at PDDs (Petkova,
2003).

2.8.2. Helpdesk data
The information in helpdesk databases is a collection of the VOC who mainly contact helpdesks if a
product is broken or if they have problems with installing or operating it. A helpdesk database (often)
consists of both structured and unstructured information. Like service centres, helpdesks are often
outsourced. This often has negative consequences for the collection of field feedback because
helpdesks (and service centres) are not rewarded for it. Figure E2 in appendix E gives a schematic
overview of the existing information flow of helpdesks, including a classification of these flows on
their ability to be used in a product reliability analysis and improvement process. This figure shows
that there is a loss of information due to the way that information was presented in the form of a list
with most common problems (Boersma et aI., 2005). Some additional problems with the usefulness of
these databases in the context of this research are:

• Free text information is not well structured and contains jargon, misspellings and
grammatical inaccuracies (Menon et aI., 2005).

• Helpdesk agents characterize each call based on a fixed format classification scheme but
this classification is wrong in approximately 40% of the cases (Menon et aI., 2005).

• The information in the database is an abstract of the complete conversation; helpdesk
agents briefly fill in some details but a large part of the information is not stored because
they have no incentive to fill in the data completely and accurately (Menon et aI., 2005).

• The free-text data in helpdesk databases is unreliable for determining the root-cause of a
problem because it is vague and incomplete (Boersma et aI., 2005).
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2.8.3. Internet
Internet is a valuable and easy accessible source of information for (potential) consumers that is often
used to find information in different phases of the consumer process. It contains information about (i)
the specifications of the product, (ii) how consumers experience a product, and (iii) how problems can
be solved. Information about consumer dissatisfaction is available in different formats: user forums,
mailing lists, product reviews, etc. Finch & Luebbe (1997) and Finch (1999) provided evidence that
quality-related information can be found in internet conversations such as user forums and mailing
lists. Den Ouden et al. (2006) argued that information in user forums give "a more in-depth view on
how consumers experience their products". In addition, it has a very rich content because consumers
tend to be as complete as possible in giving information about a possible problem as they expect that
this increases the probability that someone can help them. There are also problems with information
on internet:

• It is difficult to validate an individual's statements or understand their motivation (Finch &

Luebbe, 1997).
• Both Den Ouden et al. (2006) and Finch (1999) agreed that the consumers who are active in

user forums may not represent the total group of consumers. Finch stated that there is an
extreme response bias present in internet information because very satisfied or dissatisfied
consumers tend to be more motivated to respond. He, however, argued that this is no
problem in the context of this research since "the objective must be to collect information
that could enhance QI [quality improvement] processes, not to develop a rating or
representative product evaluation" (pp. 537).

• Due to the relative large freedom on the internet forums, information can be very
unstructured; threads8 can have multiple purposes and can focus on different product
aspects.

2.8.4. Trade data
Den Ouden et al. (2006) argue that trade is a useful information source; retailers or shop-keepers
have direct contact with consumers and should therefore be able to provide useful information on the
consumer experience. However, there are some problems with trade data:

• "Trade information is usually not readily retrievably or reliable in high-volume CE industry
due to the high involvement of third party retailers" (Koca et al., 2007b, pp.4). This is
because more and more CE products are bought on the internet and in big warehouses with
little direct contact with the consumers (Den Ouden et al., 2006).

• 'No questions asked' return policies increase in popularity which also results in less
information being collected by trade (Den Ouden et al., 2006).

2.8.5. Test data
Petkova (2003) concluded that doing consumer tests as soon as a pilot series of products has been
manufactured generates information about root-causes of field failures and perceived usability. This
information is received "early enough to enable product recovery/improvement with respect to
unforeseen product flaws before full-scale production" (Petkova, 2003, pp. 114). Test data is
expected to contain a lot of information about:

• the consumer (test participants) as they are often actively selected;
• the participants' perception of the product under study as they are often asked to 'think

aloud'.

• the context of occurrence as this is often controlled.

However, a minus of test data is that "the amount of test data is bound to be restrictive due to the
infeasibility of testing every aspect of a product with many types of users" (Koca et al., 2007b, pp. 4).

8 A list of messages related to each other.

Page 26 /faculty of technology management



TU/e Technische Universiteit
Eindhoven
University ofTechnology Chapter 3. Research design

3. RESEARCH DESIGN

Chapter 2 described the research context of the graduation project, based on the problems that
companies currently face regarding product quality and reliability due to trends in industry. This
chapter will discuss the research design of the graduation project in detail based on the method
proposed by Verschuren & Doorewaard (2003). Section 3.1 first discusses the conceptual design. The
technical design is discussed in section 3.2. Finally, section 3.3 briefly mentions the contributions of
this research.

3.1. Conceptual design
The conceptual design of a research describes what the researcher wants to reach with his/her
research; it defines, amongst others, the research objective, the research model, and the research

questions.

3.1.1. Research objective
This research focused on exploring existing (IS to see which information was present in them and to

determine to what extent PDDs could use them to predict, solve, and prevent consumer dissatisfaction
in general and non-technical failures in specific. If the research turned out that the information

sources are useful for PDDs, this provides (additional) proof that data mining and fusion algorithms
can be developed to automatically combine these CIS.

The objective of this research was to develop an evaluation model for assessing the highly
unstructured qualitative data in existing (IS on the presence of the information required by PDDs. This

model focussed on consumer dissatisfaction in general and non-technical failures in specific and

defined the information requirements as well as measures for them. The primary objective of the
evaluation model was reducing the amount of information present in current (IS into a better

manageable size and format; this was a first attempt towards building a data warehouse. The
evaluation model had to be well grounded upon literature related to product development but also

had to be applicable and relevant for industry. Applicability of the evaluation model for industry was
be taken into account, but this should be addressed in future research.

3.1.2. Research model
Before formulating the exact research questions, a broad overview of the research was obtained first.
The research was divided into three phases (see Figure 3.1):

• A literature study on literature from different fields to find out (i) which information is
required to predict, solve, and prevent consumer dissatisfaction and (ij) what quality of

information is.
• The construction of an evaluation model to assess existing (IS on the quality of the

information.

• The evaluation of the information quality (lQ) of the existing (IS and the applicability of the
evaluation model to different (IS.
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Evaluation model
requirements

Consumer
information sources

Evaluation of model and
information sources

Figure 3.1 - Research model

3.1.3. Research questions
The research questions for this research were formulated based on the research model. The central
research question was:

To what extent can product development departments be supported in predicting, solving, and
preventing consumer dissatisfaction by information extracted from field feedback data?

This central research question was divided into more specific research questions and sub-questions.

1. Which information do product development departments need to predict, solve, and prevent
consumer dissatisfaction?

2. How can the inherentquality of the information in different consumer information sources be
assessed?

a. What is quality of information in the specific context of this research?

b. Which elements should be included in a model to assess the quality of the
information in different consumer information sources?

c. How can these elements be effectively operationalized and measured?

3. What does an assessment of the information quality of different consumer information
sources tell us about the applicability of the evaluation model and the quality of the
information of these information sources?

a. Is the model applicable for all information sources?

It was expected that, while examining the model on its reliability, it would also be possible to make
statements about the content of the studied data sources which led to the final research question:

b. Which information is currently present in the different information sources?
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3.2. Technical design
The technical design of a research describes how the researcher wants to execute the research.

3.2.1. Research material
The literature studies focussed on literature from different topics such product quality and reliability,
data/information quality, field feedback, consumer dissatisfaction, software reliability engineering,

and No Fault Found. The data used for the evaluation of the model had to be real field feedback data
that was collected via existing field feedback collection processes.

3.2.2. Research approach
The research approach explains how the research was executed. An initial literature study was
executed to explore related work and come up with an approach that made it possible to answer the

research questions and to develop a systematic, objective methodology to assess existing CIS. Both
the work of Finch (1999) and Romano et al. (2003) stood out during this literature study because:

• It was aimed at systematically and objectively uncovering information from qualitative data
(on the internet); large parts of the existing CIS that had to be analyzed for this research also

consisted of qualitative data (see section 2.8). The fact that both were specifically aimed at
internet data made them even more interesting because internet data was an important

information source in this research.
• It was aimed at discovering and understanding consumers' thought processes, needs, and

wants. This was also very important for this research due to the focus on consumer

dissatisfaction in general and non-technical failures in specific.

• Romano et al. explicitly emphasized the iterative character of the approach which made it

possible to take into account the lessons learned from an initial assessment of the data. This
was important because the initial evaluation model was based on a literature study and had
to be adapted to take 'data derived meaning' into account to improve the usefulness of the

model.

The followed research approach will now be explained based on Figure 3.2. The information required

by PDDs and IQ aspects were found via a literature study. This part of the research can be

characterized as desk research because existing material is used, sometimes from another

perspective than its original, and there is no direct contact with the research objects. The

requirements were compared with each other and exact duplicates or conceptual equivalent

requirements9 were removed. In addition, information requirements were reformulated to increase the
consistency. IQ aspects from information consumers and product quality and reliability point of view

were combined to come to a set of IQ aspects in the context of this research.

The information requirements and IQ aspects were used to develop an initial evaluation model that

was used to reduce the amount of data by categorizing each instance10 on several different elements
(Finch, 1999, Romano et aI., 2003). Data reduction here refers "to the process of selecting, focusing,
simplifying, abstracting, and transforming the data that appear in written-up field notes or

transcriptions" and "is a form of analysis that sharpens, sorts, focuses, discards, and organizes data
in such a way that 'final' conclusions can be drawn and verified" (Miles & Huberman, 1994, pp.10).

The elements had to provide an accurate and detailed description of the content of each instance such

that it contributed (i) to an accurate and detailed description of all instances and (ij) to minimize

subjective judgement. The identified information requirements were clustered to come to a
manageable sized set of information elements and belonging coding categories for the initial

evaluation model via discussions sessions with the thesis supervisors.

9 Jacobs et a!. (2007) defined conceptual equivalence as "closely similar in content and not giving extra information" (pp. 778).
10 An instance refers to a separate case in a database such as the registration of a call in a callcentre database.
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After defining the initial elements, they were used to code part of the collected data (first assessment).
The assessment of the data was done via a case study because case studies usually have small
sample sizes and give an in depth understanding (Petkova, 2003). This suited this research because it
had to be executed within a time frame of approximately six months and a thorough understanding of
the information in the different CIS had to be acquired. The lessons learned from coding the data were
used to improve on the initial evaluation model; this is called the 'data derived meaning'. Constructing
the evaluation model is thus an iterative process. The final data reduction step was developing a
description of the data by coding it based on the final evaluation model. Finally, the results of the
assessment were presented in such a way that conclusions could be drawn.

Collection
Formatted data sources

Field Feedback
Qualitative data

Selection
Initial model

IQ aspects__---+! Develop initial
evaluation model First assessment

Final model

Literature study

Generation
List of information requirements

!Information
requirements Analysis & clustering

Categories..
Interpretation

f ___

Generate

Graphics, tables,
etc ...

Assessed data sources

Literature study

Final assessment

Assess data sources

Information
requirements

Combine

Elicitation

Elicitation

IQ aspects product
quality & reliability

IQ aspects for
information consumers

Figure 3.2 - Followed research approach (adapted from Romano et al., 2003)

3.3. Contributions to literature
Some previous research is related to the research described in this report. George (2006) assessed
the extent to which information in CIS can be used to solve non-technical reliability problems. This
research focussed on the content, level of detail, and timeliness of the information and identified the
information requirements that are important for solving soft reliability problems from a data quality
perspective. Different consumer information sources were then assessed on these requirements. The
reliability of the assessment was low for especially qualitative data, which is the far majority of field
feedback data. The contribution of the research described in the report then is:

• A more complete list of information requirements drawn up from a design-oriented and
consumer-focused quality and reliability perspective would be more relevant to the industry
as it clearly indicates what information is in a CIS.

• The difference between the IQ aspects 'content' and 'level of detail' is not clear; a clearer
definition of the relevant aspects would increase the evaluation's objectiveness and
usefulness.

• Clearly defined, objective measures drawn up from a design-oriented and consumer-focused
quality and reliability perspective would improve the inter-rater reliability. This is especially
important for assessing the majority of the data that is qualitative of nature.
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4. CONTENT AND QUALITY OF INFORMATION

At this point, the research background, context, questions, and approach are clear. This chapter now
discusses the required information content (research question 1) in sections 4.1 to 4.3. The quality of
the information (research question 2a) is discussed from an information consumers' point of view in
section 4.4 and from a product quality and reliability point of view in section 4.5. Section Error!
Reference source not found. combines both views andsection 4.7 concludes this chapter.

4.1. Introduction to content ofinformation
This research focussed on consumer dissatisfaction which is the result of a gap between consumers'
expectations and their perception of the performance of a product. To predict, solve, and prevent
consumer dissatisfaction, it is important to know both a consumer's expectations and the perceived
performance of the product. As explained in section 2.3, each consumer has his/her own expectations
about and perception of the performance of a product and will use the product in a different way. A
product, however, only has one set of specifications. Different consumers will therefore also
experience different types of problems for the same product (see appendix C). Consumers'
expectations are difficult to capture during product development (see chapter 2) but PDDs are eager to
know the expectations of complaining consumers; they can be used to determine whether a failure is
technical or non-technical and to update a product's specifications to suit consumers' expectations

better.

Perceived performance is personal but the trend is that consumers "are becoming more and more
intolerant of a difficult-to-use product" (Han et aI., 2001, pp. 145) and therefore usability is one of the
most important factors that consumers consider when evaluating a product (see section 2.3). There is
wide agreement in literature that the performance of a product (and thus also its usability) and
consumers' perception of it depend on the context in which the product is used (Kusters et aI., 1997;
Babbar et aI., 2002; Kwahk & Han, 2002; Swanson et aI., 2003; Sato, 2004; Green et aI., 2006;
Boztepe, 2007a). This can also be seen in the definition of context as given by Green et al. (2006, pp.
2): "the circumstances or setting in which an object occurs, and which influences its value".
Information about the context thus is important for PDDs. Different subclasses of context can be found
in Iiteraturell

• In this research, context was split up into (Babbar et aI., 2002; Kwahk and Han, 2002;
Swanson et aI., 2003; Sato, 2004; Green et aI., 2006): (i) the consumer context, (ii) the environmental
context, and (iii) the activity context as shown in Figure 4.1. Section 4.2 elaborates further on the

different contexts.

Environmental context

Figure 4.1 - Relation between the productandrelevant contexts

11 It was not considered to be a problem that literature does not provide a clear taxonomy of contextual information because a
clear and consistent formulation of the information elements in the evaluation model in a later stage of this research
prevented ambiguities.

/faculty of technology management Page 31



Chapter 4. Content and quality of information TUI Technische Universiteit
Eindhovene University ofTechnology

Information about the consumer, environment, and activity is not only important to understand
perceived performance; there is another reason. Unfortunately, often not all identified (perceived)
failures in a product (both technical and non-technical) can be resolved in the next product
generation; the increasing pressure on the TIM and the still rising number of non-technical failures
force PODs to choose where to spend their resources on first (see section 2.2). Therefore, PODs
prioritize failures to determine which failures are most important to prevent from occurring in
subsequent generations.

Kramer (1999) argued to use 'operational profiles' within the CE domain. An operational profile is "a
quantitative characterization of how a system will be used" (Musa, 1993, pp.14) or in other words a
set of alternative activities with a probability of occurrence. Operational profiles are used to allocate
product development resources to product attributes on the basis of their use (Musa, 1993). Next to
operational profiles, it is also possible to make consumer and environmental profiles (Musa, 1993). To
construct these profiles, information about the consumer, the environment, and the activity is needed.
In addition to the consumer, environmental, and activity context, section 4.3 elaborates on other
information required to prioritize failures.

4.2. Contextual information
4.2.1. Consumer context
Section 2.3 and appendix C have explained that there are different groups of consumers. Information
about the different consumer groups can lead to a deeper understanding of the design (Rogers, 2003;
Sharp et al., 1998). It is important to target the product to the right group of consumers to be able to
(i) predict responses and interactions with the product, (ii) find consumers' requirements, and (iii)
prioritize failures. This is especially important when the variety among consumers is large as is the
case for CE products that are often sold in a variety of markets to a variety of different consumers. The
different consumer groups can be identified via consumer classification based on consumer context
information, which is the reason why Geudens et al. (2005) argued for the importance of information
about the complaining consumer.

Consumers could possibly be classified according to their (i) innovativeness (Rogers, 2003), (ii)
knowledge regarding the technology/product (Saaksjarvi, 2003), and/or (iii) relation to the product
Oanhager, 2002 & 2005). There is some criticism on, for example, the classification based on
consumer's innovativeness. However, a detailed discussion about the applicability of the different
consumer classification methodologies was outside the scope of this research. This research purely
focused on identifying whether and to what extent the CIS contained information that could be used to
classify consumers. Important characteristics to distinguish between different consumer groups are
amongst others (i) demographics, (ii) consumer's knowledge, and (iii) cultural values. Especially the
latter were often overlooked in the past (Boztepe, 2007b). Culture influences consumers' values and
the shaping of consumers' expectations as can be seen in the cross-cultural differences in the
appreciation of design characteristics like colours, materials, and shapes (Chelminski, 2003). In
contract to other values, cultural values remain stable and the manifestation of differences in these
values becomes stronger despite the fact that income differences disappear (Mooij, 2000). Knowing
the cultural influences on consumer values is thus important to prevent consumer dissatisfaction for
products that are sold in a great variety of markets and to a great variety of consumers. This is
illustrated by the following example extracted from Boztepe (2007b, pp. 12):

"Some Turkish users utilize food processors in the traditional winter preparations of
pepperpaste, and tarhana. Foodprocessors are taken outside the house, where a group
of women, with the help of extension cables, use them to crush more than 50 kg of
boiled peppers or several kilograms ofdried dough. However, being typically designed
for indoor use, and intended to be used for only a few minutes at each session, when
used outdoors, and exposed to work overa longperiodoftime these often get broken. II
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Table F1 in appendix F gives an overview of the consumer-related information requirements. These
requirements are grouped into six categories based on a taxonomy of context variables for usability
evaluation as proposed by Kwahk & Han (2002).

4.2.2. Environmental context
The environmental context refers to where a product was used when the dissatisfaction occurred. CE
products are sold in very different parts of the world and the environmental context of similar products
therefore varies strongly. The following sub-environments can be distinguished (Babbar et al., 2002;
Kwahk & Han, 2002):

• the physical ambient conditions. Koca et al. (2007a, pp. 3) give the following example of a
non-technical failure that is caused by not sufficiently taking into account physical ambient

conditions:

(~s a safeguard against fluctuating voltage, some users turn the poweroffwhen a product is
not in use, which requires them to go through tedious set-up operations on every power on,
because designers assumed that the device would customarily be left on stand-by mode
when not in use byneglecting the fact that voltage is notstable in all countries".

• the social environment. According to Koca et al. (2007a), the social environment is
especially important for multi-user systems because, for example:

(~ product designed for use in a small office environment may generate dissatisfaction in
responding to the demands ofa more crowded workplace. likewise, a heavily-used copier by
an experienced operator at a copier shop will probably generate fewer problems than a
heavily-used copierby many inexperienced operators at a public library" (Koca et al., 2007a,

pp.4).

• the market environment. Finch (1999) argues that the market environment is important
because a consumer's evaluation of the performance levels of a product is (often) made in a
comparative sense to other products; the comparison puts a consumer's perceptions into a
more realistic context and will also provide PODs with information regarding the comparative
importance of various products strengths and weaknesses (Finch, 1999; Boztepe, 2007a). In
addition, modern highly innovative products are often designed to function within and
interact with other products. Consumers worldwide own a huge variety of different hardware
and software products in terms of brands, types, and interfaces that they might want to
connect to a product (Geudens, 2007). These peripheral products can influence the
functioning of the core product and cause both obvious and non-obvious failures.
Unfortunately, PODs cannot take into account all possible peripheral products when
designing a product. Information about the peripheral products leads to a better
understanding of the context in which a product is used and in which a failure occurred. An
example of the importance of the description of the peripheral products is:

Portable audio and video players ofa multinational high-volume CE company are compatible
with Windows Media Player 10. However, using these players in combination with Windows
Media Player 11 can lead to all kind ofproblems.

Table F2 in appendix Fsummarizes the results of a literature study towards important information for
PODs related to the sub-environments.

4.2.3. Activity context
The activity context describes where a consumer used the product for when the dissatisfaction
occurred and what he/she was doing. The term 'activity' is used here instead of 'task' because the
activity consumers do with a product need not be confined to performing a specific task (Kwahk and
Han, 2002). Consumers can do different activities with a product. A product need not be intended to
be used for all these different activities. Information about the activity alone often is not sufficient to
determine the cause of the dissatisfaction; there are, for example, multiple reasons why someone
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could not playa DVD on a media centre. A description of the preconditions, actions executed by the
consumer, and the responses of the product would provide PDDs with a better insight into the
dissatisfaction. This could, for example, be used to determine whether the product was operated as
foreseen. Table F3 in appendix Fgives an overview of the activity-related information requirements.

4.3. Information required to prioritize failures
As said, the contextual information as described in the previous section could be used to develop
operational, consumer, and environmental profiles. These profiles, on their turn, could be used by
PDDs to prioritize failures based on the probability of occurrence of the profiles. Failures could,
however, also be prioritized from the consumers' and/or technical point of view (Gulpen, 2007). This
research did not aim at identifying the most suitable prioritization criteria, but instead focussed on
identifying whether and to what extend CIS contained information that could be used to prioritize
failures. Gulpen (2007) proposed to prioritize failures from the consumers' point of view based on the
following criteria:

• the perceived severity of the failure which was defined as the impact of the failure on
consumers' satisfaction with the product.

• the frequency of occurrence of the failure which was defined as the number of different
consumers experiencing the same failure.

The perceived severity differs for every individual and depends on both consumer and failure
characteristics. De Visser (2006) identified these failure characteristics based on a literature study
and group discussions with people from industry (see Table 4.1). Gielen (2007) concluded in his
research that function importance indeed influences the perceived failure severity; the failure of a
function with a high perceived importance resulted in a higher perceived severity than the failure of a
function with a low perceived importance. The relation between the other characteristics of Table 4.1
and perceived severity still has to be validated. This was no problem for assessing the availability of
information about these characteristics in this research. Note that the failure frequency as defined in
Table 4.1 differs from the frequency of occurrence as defined by Gulpen (2007).

Table 4.1 - Relevant failure characteristics for consumerperceived failure severity (De Visser, 2006)

Failure characteristic Definition

Failure frequency

Failure impact

Failure reproducibility

Failure solvability

Function importance

Failure work around

Failure time in consumer process

Number of failures per time unit under standardized use conditions.

The percentage loss of functionality as a result of the failure.

The degree of repeatability of a failure for a consumer.

The required effort a consumer should take after failure occurrence to return to normal

functioning of the product.

The relative importance of the product attribute affected by the failure (see appendix B).

The degree in which the failure occurrence can be evaded by the consumer by operating

the product differently.

Indicates when the failure occurs in the consumer process of Figure 2.4.

The failure prioritization criteria from the technical point of view as proposed by Gulpen (2007) are:

• technical severity which was defined as the impact of a failure on a product's functioning
and safety. The importance of this aspect for determining the relative importance of a failure
is also recognized by Van Zoggel (2005), Mockus et at. (2005), and Soderholm (2007).

• correctabilitywhich was a measure (in terms of time and money) for the corrective actions
needed to correct the product and prevent the failure from occurring in the future.

The CIS under study in this research captured feedback from consumers, and (most) consumers lack
the insight in the product design to be able to understand a failure's impact on a product's functioning
and safety. In addition, consumers also lack insight in the time and money needed to correct a failure.
It was therefore decided not to take failure prioritization from the technical point of view into account.
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However, related to the correctability, it is very interesting for PODs to know whether if a perceived
failure could be solved. A literature study was conducted to find prioritization-related information
requirements. The results are summarized in table F4 of appendix F.

Section 4.1 to 4.3 now have answered research question 1 and focussed purely on the required
content of the information. To be able to evaluate to what extent PODs can be supported by
information in current CIS, the qualityof the information also is important; this is discussed in section
4.4 to 4.6.

4.4. Information quality from an information consumers'point ofview
Wang & Strong (1996) developed a framework that captured important IQ aspects for information
consumers. They defined IQ as information that is fit for use by information consumers12

• Their
empirical research captured the 'voice of information consumers' and resulted in the conceptual
framework as shown in Figure 4.2. Lee et al. (2002, pp. 135) concluded, based on a review of different
types of academic research, that the four dimensions of this framework "provide comprehensive
coverage of the multi-dimensional IQ construct". This framework was therefore used as a starting
point of defining IQ in the context of this research.

Data quality I
I

Intrinsic data quality Contextual data quality Representational data quality Accessibility data quality

Believability
Value-added

Interpretability
Relevancy

Accuracy
Timeliness

Ease of understanding Accessibility
Objectivity

Completeness
Representational consistency Access security

Reputation
Appropriate amount of data

Concise representation

Figure 4.2 - A conceptual framework ofinformation quality (Wang & Strong, 1996)

Wang & Strong divided IQ into four categories:

• Intrinsic IQ concerns the quality that information has in its own right (such as its reputation).
• ContextuallQ implies that IQ must be considered within the context in which the information

is used.

• Representational IQ focuses on the role of the information system(s); they must present
information consistently, concisely, and in such a way that it is interpretable and easy to
understand.

• Accessibility IQ also focuses on the information systems; they must take care that the
information is accessible but secured.

Due to time restrictions, not alllQ aspects could be examined in detail in this research. Originally, the
CIS under study in this research were not meant to be used by PODs to predict, solve, and prevent
consumer dissatisfaction. This research, however, was aimed at analyzing the quality and content of
existing CIS to evaluate whether they could be used in that context. It was thus decided to focus only
on the contextua/lQ of the CIS. The other categories need to be addressed in future research because,
for example, the believability of internet information is a point of concern (Finch & Luebbe, 1997) as
well as the accuracy of helpdesk information (Menon et aI., 2005).

12 This definition is in line with the consumer point of view on product quality and reliability because, again, quality depends on

the consumers.
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According to Wang & Strong (1996), the following aspects are important for contextuallQ:

• Added value which was defined as "the extent to which data is beneficial and provides
advantages from its use" (Pipinio et aI., 2002, pp. 212);

• Relevancy which was defined as "the degree of congruence between what the user wants or
requires and what is provided" (Bailey & Pearson, 1983, pp. 542) or in slightly different
terms as "the extent to which data is applicable and helpful for the task at hand" (Pipino et
aI., 2002, pp. 212);

• Completeness which was defined as "the comprehensiveness [level of detail] of the output
information content" (Bailey & Pearson, 1983, pp. 541) or in slightly different terms as "the
extent to which data is not missing and is of sufficient breadth and depth for the task at
hand" (Pipino et aI., 2002, pp. 212);

• Timeliness which was defined as "the availability of the output information at a time suitable
for its use" (Bailey & Pearson, 1983, pp. 541);

• Appropriate amount of data in order to draw statistical valid conclusions.

4.5. Information quality from product quality & reliabilitypoint ofview
Section 4.4 derived the relevant IQ aspects for information consumers in general. Brombacher &

Sander (2005), however, identified three essential IQ aspects from a product quality and reliability
point of view:

• the deployment of the information to the relevant people in the organization;
• the time it requires to obtain and deploy the information;

• the level of detail of the information.

The deployment of the information depends on the different business processes and information
flows within an organization and not (solely) on the information available in the different CIS. This
aspect thus was outside the scope of this research and was therefore not taken into account further.

In industries with very short PLCs and pressure on TIM, problems must be identified and solved faster
and field feedback information is therefore required earlier (Brombacher & Sander, 2005; Finch,
1999). This research only focussed on the time required to obtain the information as the deployment
depends not only on the CIS but also on internal business processes.

According to Brombacher & Sander (2005), the level of detail of quality and reliability information
should be such that PODs are able to:

• prioritise further actions: Due to the increasing pressure on the TIM and the still rising
number of non-technical failures, companies often cannot solve all identified failures with a
product before the launch of its successor. Prioritization of failures and further actions is
thus important to solve the most important failures first.

• identify root-causes of the failure: PODs need to know the root-cause of a failure to be able
to effectively and efficiently solve and prevent it and reduce the percentage of failures of
which the cause could not be determined (see Figure 2.3);

• identify the relevant actors in a business process to be able to define subsequent actions to
solve and prevent the complaint in the future.

The ability to identify relevant actors can for a big part be derived from the ability to identify root
causes; if root-causes can be identified, the relevant actors can more easily be identified. For the other
part, it depends on information related to a company's internal structure and the distribution of
responsibilities of the concerning departments and/or project teams. Knowledge about this is thus
also needed to be able to identify the relevant actors. This was outside the scope of this research and
it was therefore decided not to take the ability to identify relevant actors into account any further.
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According to GUthenke & Leiters (1999, pp. 570), "in many cases, particularly where complex
products are concerned, a team with experts from different departments (production, design,
procurements, etc.) is needed to discover the real cause of a problem". This implies that it was not
possible to directly assess different information sources on their ability to identify root-causes in this
research, because the assessors were no product experts from different departments. This research
therefore focused on the information that is needed by the mentioned experts to determine the root
causes of a problem as described in section 4.1 and 4.2.

4.6. Information quality in the context ofthis research
To answer research question 2a of this research, IQ aspects that are important for information
consumers in general (see section 4.4) and IQ aspects with regard to product quality and reliability
information (see section 4.5) were combined. This resulted in a set of aspects that determine the
quality of information for predicting, solving, and preventing consumer dissatisfaction from the
perspective of PODs.

First of all, both Wang & Strong (1996) and Brombacher & Sander (2005) agreed about the importance
of the timeliness of information which thus was the first IQ aspect in this research. Assessing this IQ
aspect means assessing whether the field feedback information was available at a time suitable for its
use. This depends on the moment the information:

• should be available, which, on its turn, depends on (i) the moment of product launch, (ii) a
company's planning with regard to the development of subsequent product generations, and
(iii) the relative priority of the failure present in the information.

• actually was available for the relevant people in the company, which, on its turn, depends on
(i) the moment the information was available in the CIS and (ii) the effectiveness and
efficiency of the internal business processes to extract, process, and distribute it.

Information about both moments was not available for this research so no actual judgement about the
timeliness of the information could be made. Instead, this research focussed on the moment the
information was available in the CIS.

Then, the difference between the added value and relevancy of the information as mentioned by Wang
& Strong (1996) is not completely clear in the context of this research: if only a small portion of the
information required by a POD can be found in a particular information source, both relevancy and
added value of this source will be low. The opposite is also applicable: if a high percentage of the
information in a source is useful or relevant, then this source will have a high added value. In addition,
the difference between added value and completeness is also not completely clear in the context of
this research: if consumer complaints are described in a high level of detail in an information source,
this source will obviously have more value for a POD than sources that contain very superficial
descriptions such as "the product does not work". The contextuallQ aspects added value, relevancy,
and completeness are thus related to each other which complicates the interpretation of the separate
aspects. Instead of taking into account these aspects separately, the instances in an information
source were assessed on their level ofdetail as identified by Brombacher & Sander (2005). The level
of detail of the information focused on concrete problems of PODs and therefore is less abstract and
easier to interpret. It encompassed added value, relevancy, and completeness. Information adds value
and is relevant when it contains information that makes it possible to prioritize failures and/or
determine their root-causes. The information in a particular instance is complete when it contains the
information that makes it possible to do both.

jfaculty of technology management Page 37



Chapter 4. Content and quality of information TU} Technische Universiteit
Eindhovene University ofTechnology

Completeness is thus not assessed for every instance in an information source as explained in the
previous paragraph. Instead, the completeness of an information source as a whole is evaluated
based on a summary of the assessment of the 'level of detail' of all instances in the CIS by comparing
the percentage of instances that contained information about a certain element for all CIS. This gives
an idea about the type of information that can or cannot be found in the different CIS. In addition to
completeness, the appropriate amount of the information is also assessed for a CIS as a whole by
evaluating the amount of available and assessed instances.

4.7. Conclusions
Information about consumers' expectations and perceived product performance is needed to predict,
solve, and prevent consumer dissatisfaction (research question 1). On its turn, information about the
consumer, environmental, and activity context is needed to understand consumer perceived product
performance and to prioritize failures from a product development point of view. Additional
information that could be used for failure prioritization is the perceived severity and frequency of
occurrence of the failure.

IQ aspects that are important for information consumers in general and IQ aspects from a product
quality and reliability point of view were combined to determine the IQ in the context of this research
(research question 2a). Note that the information consumers relevant for this research were the
product quality personnel responsible for condensing and prioritizing field feedback information. It
was decided to focus on the contextuallQ only due to time restrictions. This led to the following IQ
aspects:

• Timeliness of the information by focusing on the moment every instance was available;
• Level of detail of the information in every instance which is important to assess the:

o ability to determine root-causes

o ability to prioritize further actions

• Completeness of a CIS as a whole;

• Appropriate amount of the information in a CIS as a whole.

A literature study on the No Fault Found (NFF) phenomena and Software Reliability Engineering (SRE)
had no real added value for this research. This was caused by the effect visualized in Figure 2.5 and
explained in section 2.5. A literature study towards NFF namely pointed out that research on NFF
mostly focussed on technical failures and continuous monitoring and collecting of operational data
that could be used for analysing class 3 and 4 failures instead of class 1 and 2 failures (e.g. James et
al., 2003; Soderholm, 2007). A brief elaboration on NFF can be found in appendix G. In addition,
although Kramer (1999) expected that research on SRE could contribute to preventing consumer
dissatisfaction, its contribution to this research was very limited. The reason for this is that:

• Software reliability is evaluated quantitatively and focuses only on technical failures (Lyu,
2007). A vast amount of research in this field is aimed at large software development
projects that can be compared with the B or Cbusiness processes (see Figure 2.5).

• For these large software projects, quality characteristics and evaluation levels are
constructed and agreed upon by the stakeholders (Punter et al., 1997). Consumer's
expectations for these projects are thus far less uncertain and dynamic than for the highly
innovative products that are the focus of this study.

• Software engineers and consultants help consumers of large software development projects
with training and problem solving during the initial phases of the product's life; these are the
phases with highest uncertainty in CEo

Page 38 /faculty of technology management



TU} Technische Universiteit
Eindhovene University ofTechnology Chapter 4. Content and quality of information

It was also expected that literature related to the use of data mining by the automotive industry could
contribute to this research because of analogies between automotive and CE industries with regard to
(i) the trends and characteristics of both industries (Seidel et aI., 2005; Gusikhin et aI., 2007), (ii) the
incentives and goals of applying data mining (Teng et aI., 2005), and (iii) the origin, structure, and
amount of the information (Buddhakulsomsiri et aI., 2006; Teng et aI., 2005). However, a literature
study did not result in insights or information requirements additional to those identified in the
previous sections because the literature mostly described the development of different mining
methods and algorithms that could possibly be used. This is not directly relevant for the research
described in this report but could be of use for future research that is engaged with the actual data
fusion and mining.
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5. CONSTRUCTING THE EVALUATION MODEL

The IQ ofexisting CIS had to be analyzed to be able to evaluate to what extent these CIS are useful to
support PDDs. Chapter 4 has derived the IQ aspects that are important in the context ofthis research.
It explained that the level of detail and timeliness of every instance had to be assessed. However,
assessing every instance on all the information requirements identified in section 4.1 to 4.3 is very
time-consuming and has questionable added-value at this point. Therefore, the requirements were
grouped together into an evaluation model that was used to evaluate the level ofdetail and timeliness
ofthe information in the different CIS. Section 5.1 first discusses the model requirements. Section 5.2
then introduces the main branches ofthe model. These branches are discussed in detail in section 5.3
to 5.5. Finally, section 5.6 concludes the chapter.

5.1. Model requirements
The primary goal of the evaluation model was reducing the amount of qualitative information, by
categorizing each instance in an information source on several different elements, into a better
manageable amount and format. Before discussing the evaluation model itself, the requirements for
the model will be given first:

• The specific focus of this research was on non-technical failures and the evaluation model
thus should focus on failures as a result of a mismatch between consumers' expectations of
a product and its actual performance.

• The evaluation model must be suitable for the assessment of structurally very diverse CIS
(service data, helpdesk data, internet data, trade data, and test data).

• To enhance interpretation, the elements of the model must be meaningful from a PDD
perspective, clear, and unrelated to each other.

• The elements of the model must provide an accurate, detailed, and exhaustive description of
the content of every instance.

• The evaluation model and especially the categories belonging to the different elements must
be clear, unambiguous, and objective wherever possible to minimize subjective judgement
and obtain a sufficient inter-rater reliability.

• The categories belonging to a certain element must be (i) exhaustive, (ii) mutually exclusive,
by excluding an instance that appears in one category from also appearing in any other
category, and (iii) derived from a single classification principle (Rogers, 2003).

5.2. Main branches ofthe evaluation model
The main goal of the evaluation model was reducing the amount of information into a better
manageable size and format. This implies that the model focuses on the IQ aspects 'timeliness' and
'level of detail' because the IQ aspects 'completeness' and 'appropriate amount of information' in this
research refer to the information in a complete information source. An evaluation of the latter IQ
aspects can be made after reducing the amount of information in a CIS by applying the evaluation
model. The entry time of an instance into an information source is an objective characteristic of that
instance. Assessing this is straightforward because information about this is present or not.
Therefore, the information was reduced based on the IQ aspect 'level of detail'.

Chapter 4 has identified a lot of information requirements needed to enable PDDs to determine root
causes and prioritize failures. Including them all in the model conflicts with the model requirements.
The elements on which each instance had to be coded and the corresponding categories were derived
from these information requirements.
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The elements included in the model were grouped into four main branches to add structure to the
evaluation model. They were not grouped based on their possible use by PODs (determining root
causes and prioritizing) as some elements could be used for multiple purposes. Instead, the branches
shown in Figure 5.1 were chosen. As said, assessing the entry time is straightforward and objective
This branch therefore only had one element that addressed whether the time was present or not.
Therefore, no further detailed explanation of this branch is given. The elements and belonging
categories of the other branches are explained in more detail in section 5.3 to 5.5.

level of detail Completeness

c:::::::::> = IQ aspect

4 ... = branch of evaluation model

c:::::::::> = both

Figure 5.1 -IQ aspects and their relation to the branches ofthe evaluation model

5.3. The branch lOusiness aspects'
There are no information requirements mentioned in section 4.2, 4.3, and appendix F concerning the
description of the actual failure itself because this appendix summarizes the information that could be
required to determine the root-causes of a failure and/or prioritize failures; the implicit assumption
then is that the failure is known. However, when assessing the instances in an information source
during this research, the actual failure was not known beforehand and had to be derived from the
information present in each instance. Very limited and vague information like "the product does not
work" clearly provide insufficient information to determine what the actual failure is, not to mention
its root-cause. Information related to the identification of the failure and related business aspects are
grouped together under the branch 'business aspects'. This section now explains which elements and
corresponding categories belong to this branch (see Figure 5.2).

Purpose

1. Complain aboutproduct/service
2. Request help for solvinga problem
3. Give evaluation/suggestion
4. Request information
5. Other/unknown/unclear

Focus on interactions between
product & environment

1. Yes
2. No

Focus on interactions between
product & user

1. Yes
2. No

1. Yes
2. No

1. Yes
2. No

Text in italics represent the categories.

Tone

1. Positive
2. Neutral
3. Negative

Solution status

1. Solved
2. Unsolved/unknown

Nature

1. Understanding/ease ofuse
2. Behaviour ofthe product
3. Missing functionality
4. Other/unclear

Figure 5.2 - Elements and categories belonging to the branch 'Business aspects'
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5.3.1. Purpose of contact
The particular focus of this research was on consumer dissatisfaction in general and non-technical
failures in specific. Finch (1999) concluded that not all instances in an internet database are about
actual product failures. It was expected that this also applied to the other CIS as explained in section
2.8. According to Finch, the purpose is important in judging the overall usefulness of the information
and reducing the size of the information sets. The overall usefulness of an information source can, for
example, be determined by comparing the amount of complaints in the different CIS. The size of an
information set can be reduced by excluding all instances that are not about consumer dissatisfaction
from further research. Therefore, the 'purpose of contact' of every instance was assessed via the
similar element. The evaluation model distinguished between the following categories belonging to
the 'purpose of contact':

• Complain about product/service: Instances purely aimed at expressing dissatisfaction.
• Request help for solving a problem: Instances purely aimed at solving a problem, containing

statements like: 'Can someone help me to ...', 'I don't know how to ...', 'How can I .. .', etc.

• Give evaluation/suggestion: Instances purely aimed at giving an evaluation/suggestion,
containing statements like: 'I would rate ...', 'I would evaluate .. .', 'An ... option in the next
version would be nice', etc...

• Request information: Instances purely aimed at requesting information about the availability
of accessories, product specifications, selling location, warranty policies, product repairs,
etc.

• Other/unknown/unclear: Instances with other, unknown, or unclear aims such as calling
back a helpdesk to tell that a proposed solution worked, etc.

Identifying the purpose of a contact is a subjective process. It was not expected to be a problem in this
case because most instances can be easily put into one of the identified unambiguous categories.
PODs are especially interested in the information in the instances that are placed into the first three
categories.

As explained in section 2.8, some CIS are expected to contain numerous instances with more than one
purpose. The evaluation addressed this by giving the raters the opportunity to indicate for each
instance whether it contained more than one purpose or not.

5.3.2. Focus
Consumers can be dissatisfied about numerous different product aspects. Knowing the product
aspect about which a consumer is dissatisfied is important to get a clear understanding of the failure.
The evaluation model could deal with this via a list of product aspects. However, the functional
decomposition of a product is certainly not a straightforward task and including such a list would have
made the evaluation model product specific. It was decided not to include the focus on the product
aspect but instead the focus on the interaction level in the model because theses interaction levels
are not product specific. The following interaction levels were distinguished:

• interactions between the product and its environment: e.g. instances focusing on business
services (product updates, registration, repairs, distribution, etc.), connection with
peripheral devices and networks, etc.

• interactions between the product and the user: e.g. instances focusing on the usability of
the product (including product related software), instruction manuals.

• interactions within the product itself: e.g. instances focusing on technical failures.

• Other/unclear: instances with another or unclear focus.

Raters had to assess for every interaction level whether the instances focussed on it or not.
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5.3.3. Nature
Consumers can perceive different types of problems with the same product aspects. A consumer
could, for example, perceive that a specific product function is far too difficult to operate, or he could
perceive the performance of that product function as dissatisfactory. The model addressed this by

letting the raters judge the nature of a failure. The following categories belonged to the element

'nature':

• Understanding/ease of use: Instances about e.g. problems with installation, functions that
are difficult to find/use, unintuitive menu structures, incomprehensible product feedback,

etc.

• Behaviour of the product: Instances about e.g. poor sound quality, ironing results, noise
level, etc.

• Missing functionality: Instances about e.g. missing functions, incompatibility with
peripheral products/file formats, etc.

• Other/unclear: instances of which the information leaves room for discussion about the
nature of failure, or the nature of failure differs from the mentioned categories.

5.3.4. Tone
Finch (1999) assessed evaluative messages in internet data on the tone of the consumer because a
consumer's tone is critical for identifying potential problems, weaknesses, and strengths due to its
relation to consumer's dissatisfaction. Finch reduced the subjectivity in this assessment as much as

possible by using the following clear and unambiguous categories that were also used for the

evaluation model in this research:

• Positive: instances that only contain positive comments.
• Neutral: instances that contain both positive and negative comments or none of both.

• Negative: instances that only contain negative comments.

5.3.5. Solution status
Instances that contain information about how a perceived failure was solved are more valuable for

PODs then instances that did not contain this information, because finding the root-causes of the
failure is simplified. This information was not always included in every CIS because, amongst others,

(i) consumers could not always follow up the advice given by a helpdesk employee immediately, or (ij)
consumers post a question on the internet but do not post whether the advised solution(s) worked or

not.

Since the evaluation model was used for a first assessment of different CIS, it first focussed on

whether there was information present about the solution status or not. The categories belonging to

the element 'solution status' were:

• Solved: instances that contain information that points out that the complaint/problem is

solved.
• Unsolved/unknown: instances that do not contain information that points out that the

complaint/problem is solved.
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5.4. The branch 'Context ofoccurrence'
The environmental and activity context together determine the environment/setting in which
dissatisfaction occurred. Information concerning this context of occurrence is important for both
determining root-causes and prioritizing failures. Most information requirements as given in table F2
and 3 of appendix F were included in this branch of the model (at a high level). Figure 5.3 gives an
overview of the elements and categories belonging to this branch of the evaluation model. Table 5.1
indicates which elements correspond to which context and sub-environment.

Location in consumer process

1. Pre-Sales
2. Point ofSales
3. Out ofthe box
4. Extended use
5. End ofeconomical lifetime
6. Unknown/unclear

Comparison with other product

1, Brand/type ofotherproduct
isknowl1

2. No comparison orbrand/
type not known

Connected peripheral products

1. Brand/type ofotherproduct
is known

2_ Not connected orbrand/
type not known

1, Yes
2. No

1. Public setting
2. Private setting
3. No information/unclear/

both settings

Frequency of occurrence

1. Permanent
2. Reproducible intermittent
3. Random intermittent
4. No information/unclear

Executed actions

1. Yes
2. No

Info. about ambient conditions

1, Yes
2. No

Text in italics represent the categories.
For the red categories, the concerning information (such as the brand of the product) was captured as well.

Figure 5.3 - Elements and categories belonging to the branch 'Context ofoccurrence'

Table 5.1 - Environmentalandactivity contextand correspondingelements in the model

Context Sub-environment Corresponding element(s)

Environment

Activity

Physical ambient conditions

Social environment

Market environment

Physical ambient conditions

Social conditions of use

Comparison with other product; connected peripheral products

Location in consumer process; frequency of occurrence; executed

actions

5.4.1. Location in consumer process
The consumer process as identified by Den Duden et al. (2006) distinguished between different areas
of dissatisfaction, depending on the location in the consumer process (see Figure 2.4 on page 20). The
location in the consumer process is relevant for PDDs because their focus should depend on it. If
problems concern the first use of the functionality, the consumer needs extra attention because, for
example, the interface is unintuitive. While if problems concern the extended use of the
functionali ty13, the product requires more attention because, for example, it requires frequent updates
during use (Koca et aI., 2007b). In addition, the location in the consumer process could be used to
determine the frequency of occurrence of a failure (see section 4.3) and it is expected that it
influences consumer perceived severity (De Visser et aI., 2006).

13 Various functionalities of highly innovative and complex products are not used until several months after purchase of the
product, or some functions are typically used progressively; the basics are explored first and as the users familiarity with the
product increases, more advanced (parts of the) functionality will be used. Therefore, Koca et al. (2007a) did not take the

product lifetime as a basis, but instead took the lifetime of a functionality as a basis which was followed in this research.
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The categories belonging to this element were:

• Pre-Sales: instances about problems that arose in the pre-sales phase. In this phase, a
consumer has not yet decided to buy the product but is gathering information or making the
decision to buy the product or not.

• Point of Sales: instances concerning the location of buying because in this phase, a
consumer has already decided to buy the product but has not actually bought it yet.

• Out of the box: instances concerning unpacking, setting-up, installing, and first use of
functionality of the product.

• Extended use: instances concerning usability, extended use, and lifetime issues.

• End of economical lifetime: instances concerning the disposal of the product.

• Unknown/unclear: instances whose information leaves room for discussion about the
location in the consumer process.

5.4.2. Comparison with other product
Mostly in the case of expressing dissatisfaction, consumers tend to compare their product with other
products on its performance or attributes. PDDs are interested in how consumers value their product
compared to other products (see section 4.2.2). The evaluation model addressed this via the element
comparison with otherproductand distinguished between the categories:

• Brand/type of other product is known: instances containing information such as 'Experia
box', 'Twinky box', 'iTunes', 'Windows Media Player', 'Tefal', iPod, etc.

• No comparison or brand/type not known: instances containing no comparison at all or no
description of the competing product such as 'my computer', 'other software', etc.

If the brand/type is known, PDDs can retrieve the relevant characteristics of these products (such as
price, features, performance, design, etc...) if necessary. If the brand/type is not known, the
comparison has little or no value because of the uncertainty concerning the bench mark product(s). If
the raters coded an instance in the first category, the mentioned brand/type had to be given as well.
This increased the richness of the data warehouse and enables different types of analyses afterwards.

5.4.3. Description of peripheral products
Information about the peripheral products leads to a better understanding of the context in which a
product is used and in which a failure occurred and enhances the ability to determine root-causes and
prioritize failures. The evaluation model addressed this via the element 'description of peripheral
products' and distinguished between the categories:

• Brand/type of other product is known: instances containing information such as 'Experia
box', 'Twinky box', 'iTunes', 'Windows Media Player', 'Tefal', iPod, etc.

• No comparison or brand/type not known: instances containing no comparison at all or no
description of the competing product such as 'my router', 'my computer', 'other software',

etc.

Again, if the brand/type is known, PDDs can retrieve the relevant characteristics of these products
(such as price, features, performance, design, etc...) if necessary. If the brand/type is not known,
PDDs have to guess whether peripheral products influenced the occurrence of the failure or not. If the
raters coded an instance in the first category, the mentioned brand/type had to be given as well. This
increased the richness of the data warehouse and enables different types of analyses afterwards.
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5.4.4. Physical ambient conditions
Although information about the physical ambient conditions of use of a product is (often) not directly
needed to solve a consumer's problem or answer a question, it can be relevant for PDDs. Some
information about these conditions can be estimated and derived from the (geographical) location
where the product was used or a description of the surrounding in which a product was used. The
evaluation model addressed the physical ambient conditions therefore via two elements:

• Information about location of use: e.g. an indication of the country/region in which a product
was used.

• Information about ambient conditions: e.g. information about temperature, humidity, etc.

The categories belonging to both elements were:

• Yes: instances containing information about this.
• No: instances not containing information about this.

If the raters indicated that information about the location of use was present then this information had
to be given as well. This increased the richness of the data warehouse and enables different types of
analyses afterwards.

5.4.5. Social conditions of use
The importance of information about the social conditions of use is explained by the example given in
section 4.2.2. The evaluation model addressed this via the categories:

• Public setting: instances that indicate that a product was used in e.g. an office, a cafe, a
restaurant, a pub, etc.

• Private setting: instances that indicate that a product was used in home.

• No information/unclear/both settings: instances whose information leaves room for
discussion about the setting (or instances that indicate that a product was used in private
and public settings).

5.4.6. Frequency of occurrence
De Visser (2006) defined the frequency of occurrence as the number of failures per time unit under
standardized use conditions. This was included in the evaluation model as a separate element with
the following categories:

• Permanent: instances about a failure that is permanent and cannot be bypassed.
• Reproducible intermittent: instances whose information indicate that a failure does not

occur permanent but can be reproduced, containing descriptions like: 'Every time I do ..., the
product fails', 'When the server is down, I cannot do .. .', etc.

• Random intermittent: instances whose information indicate that a failure occurs randomly,
containing descriptions in relation to the frequency like: 'often', 'sometimes', etc.

• No information/unclear: instances with lacking information about frequency or whose
information leaves sufficient room for discussion whether the frequency is continuous,
reproducible, or random.

5.4.7. Executed actions
PDDs are eager to know which actions a consumer executed before the failure occurred and how the
product responded to these actions. This is addressed via the element executed actions and the
following categories belong to this element:

• Yes: the instance contains a description of (some of) the actions and responses of the
system that led to the dissatisfaction such as: 'I installed new firmware and now I cannot
do.. .', 'I pressed button A and the product gave error message 010', etc.

• No: the instance contains no description of the actions and responses of the system that led
to the dissatisfaction.
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5.5. The branch 'Consumer'
Information about the consumer is important to determine root-causes and prioritize failures. Not all
groups of variables as given in table F1 of appendix F were included in the model. The
physical/psychomotor/physiological, perceptual!cognitive, and emotional/psychological
characteristics as mentioned in table G3 were not taken into account by the evaluation model at this
stage as their assessment (often) requires major subjective judgements and their presence is not
considered to be obvious. Figure 5.4 gives an overview of the elements and categories belonging to
this branch of the evaluation model.

Age

1. Yes
2. No

Gender

1. Male
2. Female
3. No information

Occupation

1. Yes
2. No

Education

1. Yes
2. No

1. Yes
2. No

Family size

1. Yes
2. No

Nationality

Perceived severity

1. No information
2. Does ordid not notice
3. Slightly annoyed
4. Dissatisfied
5. Highly dissatisfied
6. Extremely disappointed

Consumer's expectations

1. Yes
2. No

Consumer's expertise

1. Objective desription
2. Subjective description
3. No information

Frequency of use of product

1. Objective desription
2. Subjective description
3. No information

Text in italics represent the categories.
For the red categories. the concerning information (such as the brand of the product) was captured as well.

Figure 5.4 - Elements and categories belongingto the branch 'Consumer'

5.5.1. Consumer's expectations
As said, consumer dissatisfaction is a result of a gap between product performance and consumer's
expectations. PDDs are thus very eager to know these expectations because they can differ for every
consumer and are very difficult to capture during product development (as explained in chapter 2).
Since the evaluation model was used for a first assessment of different CIS, it first focussed on
whether there was information present about consumer's expectations or not. The categories
belonging to the element were 'yes' (e.g. 'The fan is too loud', 'The battery life is too short', 'I expected
that it could be connected to my iPod', etc.) and 'no'. In later studies, the amount of information
related to consumer's expectations could be examined in more detail.

5.5.2. Demographic and social information
Demographic and social information is useful for classifying consumers. Section 4.2.1 elaborated on
the importance of information about a consumer's values and cultural background. But since the
evaluation model was meant for a first assessment of the different CIS, it was decided to focus on the
more basic demographics instead of consumer's values and cultural background. However,
demographic information, such as a consumer's nationality, could give PDDs some clues about a
consumer's values and cultural background.

Six basic demographic characteristics were included in the evaluation model and the raters had to
assess whether there was information about each of them present or not. If the raters indicated that
information about the location of use was present then this information had to be given as well. This
increased the richness of the data warehouse and enables different types of analyses afterwards. The
demographic characteristics that were included were: age, gender, occupation, education, family size,
and nationality.
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5.5.3. Consumer's knowledge about a product
Information regarding consumer's knowledge is interesting for PDDs because a consumer's
knowledge level about a product influences the understanding and evaluation of a product (Alba &

Hutchinson, 1987). According to Saaksjarvi (2003) knowledge consists of two components:

• familiarity which is defined as "the number of product-related experiences that have been
accumulated by the consumer" (Alba & Hutchinson, 1987, pp. 411);

• expertise which is defined as "the ability to perform product-related tasks successfully"
(Alba & Hutchinson, 1987, pp.411);

o objective expertise refers to the actual knowledge of a consumer about a product;

o subjective expertise refers to a consumer's perception of what he knows about a
product.

Generally speaking, increased product familiarity will result in increased consumer expertise. The

evaluation model addressed consumer's knowledge via two elements: (i) 'frequency of use of product'
and (ij) 'consumer's expertise'. The categories belonging to the frequency of use of a product were:

• Objective description: instances containing words like 'every day', 'once a week', etc. in
relation to the frequency of use.

• Subjective description: instances containing words like 'often', 'regularly', etc. in relation to
the frequency of use.

• No information: instances that do no contain information about the frequency of use at all.

The categories belonging to 'consumer's expertise' were:

• Objective description: instances containing information about the actual knowledge of a
consumer about the product.

• Subjective description: instances containing information about a consumer's perception
about what he/she knows about the product, such as: 'I am new to the product'.

• No information: instances of which the information leaves room for discussion about the
expertise level or instances that just do not contain information about the expertise.

Another possible way of assessing a consumer's knowledge level is by focussing on information that
could reveal a consumer' core and supplemental domain knowledge level as proposed by Saaksjarvi

(2003). However, this assessment is much more subjective than assessing the frequency of use and is
therefore not included in the evaluation model. Note that the two included elements are not intended

to clarify which functions of a products state space are used by the consumer. An element that focuses

on this could be added to the evaluation model in a later stage for a more detailed evaluation.

5.5.4. Perceived severity
Perceived severity of a failure is an important element for the ability to prioritize failures. Just like
consumer's expectations, perceived severity can differ for every consumer. Gulpen (2007) assessed

the perceived severity of failures in internet and call centre information with the ordinal scale

represented in Table 5.2. The results of an assessment of 44 cases of internet information are

scattered among all categories and the IRR or Heiss' kappa value was 0.88 which indicates a high
level of agreement among the three raters. These results gave confidence that information concerning

the failure severity is present in at least part of the information sources. It was decided to include

perceivedseverityin the evaluation model to assess the instances that report a product failure and to

use the scale represented in Table 5.2. Although this scale is subjective, the IRR of 0.88 gave

confidence that it could be used in the context of this research.
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Table 5.2 - Evaluation ofconsumerperceivedseverity usedby Gulpen (2007)

. I Results of assessment described in Gulpen (2007)
Evaluation sca e

Internet data (n=44) Call centre data (n=97)

No information available 28% 99%

Consumer does or did not notice 5% 0%

Consumer is slightly annoyed 24% 0%

Consumer is dissatisfied 20% 0%

Consumer is highly dissatisfied 18% 1%

Consumer is extremely disappointed and indignant 5% 0%

De Visser (2006) elaborated on the perceived severity of a failure and identified seven failure
characteristics that presumably influence this (see Table 4.1 on page 34). Because the higher level
criterion perceived severity was included in the model, there was no direct need to include the lower
level characteristics identified by De Visser and therefore most of these characteristics were not
added to the model at this stage of the research.

5.6. Concluding remarks
This chapter described an evaluation model that could be used for a first assessment of the IQ of
existing CIS. The evaluation model takes into account the IQ aspects timeliness and level of detail.
Completeness and appropriate amount focus not on a single instance but on a complete information
source and are therefore not taken into account by the model.

The branch business aspects focussed on identifying failures while the branches context of
occurrence and consumer focussed on identifying (additional) information to determine root-causes
and prioritize failures. Next to the operational, consumer, and environmental profiles that could be
constructed, the model elements 'location in consumer process', frequency of occurrence', and
'perceived severity' could be used to prioritize failures. After the data assessment with the evaluation
model, every instance is assigned to one category for the elements of the model. The information
content of a CIS can then be evaluated by constructing frequency tables and graphs. A detailed
explanation of a way to report the results is given in section 6.3. This section describes how the
results of a case study on real field feedback data were presented. A (qualitative) analysis of these
graphs then led to and evaluation of the IQ of the different CIS. Section 6.4 gives such an evaluation
for the CIS examined in the case study.

5.6.1. Meaningless combinations
It did not made sense to code every instance on every element of the model. If, for example, the
purpose of an instance would be assessed as 'Information request' then an assessment of the
frequency of occurrence of the failure would be meaningless because no failure was reported.
Whether or not an assessment made sense depended on the purpose of the instance as summarized
in Table 5.3. Elements that are not mentioned in this table are assessed for all instances.

Table 5.3 - Elements that neednot be assessed for every instance

Element Needs to be assessed if 'Purpose' is assessed as:

Nature

Tone

Solution status

Frequency of occurrence

Executed actions

Consumer's expectations

Perceived severity

'Complain about productlservice', 'Request help for solving a problem', Give evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem', Give evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem', Give evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem', Give evaluation/suggestion'
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5.6.2. Number of consumers experiencing the same dissatisfaction
The evaluation model assessed the frequency of occurrence as defined by De Visser (2006) for every
instance. Gulpen (2007), however, defined the frequency of occurrence as the number of different
consumers experiencing the same failure. The ability to prioritize failures based on the frequency of
occurrence as defined by Gulpen (2007) is thus a characteristic of an information source as a whole.
To determine this frequency, one needs to known whether different instances focused on the same
failure or not. Information about the focus, nature offailure, and the location in the consumerprocess
is needed to determine an instance's location on the arrays of Figure 5.5. Instances with the same
location on these arrays focused on the same failure and the frequency of occurrence of these failures
could then easily be determined. Thus although the ability to prioritize failures based on the
frequency of occurrence as defined by Gulpen (2007) is a characteristic of an information source as a
whole, the assessment of the information needed to determine these frequencies had to be done for
every instance separately. There were, however, no separate elements added to the model for this.
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6. CASE STUDY

The previous chapter described an evaluation model that can be used to assess the reduce the
amount ofqualitative data in existing CIS. The third research question ofthis research concerned the
applicability of this evaluation model on the different CIS and the quality of the information in those
sources. To answer this research question, actual field feedback in the different CIS was assessed A
case study approach has been followed because a case study focuses on "in-depth understanding ofa
phenomenon and its context" (Darke et al., 1998, pp. 275). This is why case studies are, amongst
others, used for "exploration ofareas where existing knowledge is limited" (Darke et al., 1998, pp.
275) which also applied to the research described in this report. This chapter will now explain the
case study objectives (section 6.1), the case itself (section 6.2), the followed method (section 6.3),
and the results and conclusions (section 6.4 and 6.5).

6.1. Case study objectives
The case study described in this chapter had several objectives:

• Evaluating the reliability of the elements of the evaluation model on real field feedback data
from different CIS. This was done because the model was applied to this data for the first
time and no information about the reliability of the model was known.

• Evaluating the information content of real field feedback data in different CIS to get an
impression of the information that was present in this data.

• Evaluating the IQ of different CIS to get an idea about the extent to which PDDs could be
supported in predicting, solving, and preventing consumer dissatisfaction by information

extracted from field feedback data.

Now that the objectives of the case study are clear, the next section describes the case that was used
to achieve the described objectives and how it was selected.

6.2. Case selection and description

6.2.1. Case selection
During the case selection, the focus was on existing field feedback data as this was one of the
constraints of this research. In the ideal situation, the case concerned data about one highly
innovative CE product from all relevant CIS. Unfortunately, service centre and trade data were not
available and could not be retrieved (in time); although the university has close contacts with several
high volume CE manufacturers, these companies are very anxious in giving this highly confidential
information. This implied that no conclusions could be drawn for these CIS. This was, however, not
perceived as a major drawback because it was expected that these CIS contained little relevant
information for predicting, solving, and preventing consumer dissatisfaction as explained in section

2.8.

In addition, there was no data available from the three remaining CIS about one product. The ideal
situation was therefore approximated as much as possible by including products for which a
considerable amount of data was available and that resembled each other in terms of innovativeness
and functionality. The result was that the case study focussed on four highly innovative CE products.
The amount of available data for these products was too large to assess within the available time.
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The rationale behind the selection of the data that was included in the case study was as follows:

• Helpdesk data from only one highly innovative product was included due to the limited
innovativeness of most products for which data was available.

• Test data from two different tests that were expected to differ to a large extend concerning
their content and format were included, because the applicability of the model to structurally
different sources had to be assessed.

• Internet data from a predetermined period was included for three different products. Internet
data was collected for the products for which helpdesk and test data was available if
possible. One additional product was added to approximate the amount of included test
data. Only data from the internet forums that were found via the website of the manufacturer
were included. Other forums were neglected due to time restrictions.

A case study database was built to allow other researchers to review the evidence directly as this
increased the reliability of the entire case study (Yin, 2002). The actual case will be described in the
following section. For confidentiality reasons, the names of the manufacturers and products under
study will not be mentioned. This does not significantly detract from the value of the results (Finch,
1999).

6.2.2. Case description
Product 1 and 2 both were highly innovative wireless music centres but from different manufacturers.
Consumers can record and store their music on the hard disk of these products and listen to different
music in every room of the house via multiple wirelessly connected stations. The music centres can be
connected to various different devices like a computer, home audio system, or DVD player. Product 3
was a highly innovative wireless music station. This product can be used to play internet radio and
music stored on the pc via a home audio system wirelessly. It resembled product 1 and 2 and had the
same manufacturer as product 1. Finally, product 4 was a highly innovative steam-ironing system with
detachable water tank. It has a continuous steam output and the temperature is adjusted
automatically by choosing the kind of fabric that has to be ironed via a LCD display. The resemblance
with the other products was low, but this product still was included because the available test data
had a unique format.

Helpdesk data was only available for product 3. This data concerned field feedback from consumers
from Europe. Multiple categories with information were available for every instance in the helpdesk
database. However, not every category contained useful information in the context of this research.
The data was thus filtered before it was included in the case study database. Appendix H describes
this filtering procedure in detail. The final database that was included in the case study contained 533
instances and was collected in the period October 2006 upto and including the first half of January
2007. For every instance, the following information categories were extracted from the available data
and included in the case study: (i) 'consumer country', (ii) 'service request reason', (iii) 'service
request resolution', (iv) 'free text', and (v) 'period of contact'.

Internet data was available for products 1, 2, and 3. It was not available in a ready to use format but
had to be collected from the internet user forums that were found via the manufacturer's website.
Appendix I describes the data collection process in detail. The database with field feedback collected
via the internet that was included in the case study contained 141 different threads and a total of
1004 instances for the three products. For every instance, the following information was captured: (i)
topic, (ii) available information about the poster, (iii) date and time of the post, (iv) the text entered by
the poster, and (v) a label that indicated whether the instance was a 'first post' or a 'reply'.

Test data was available for product 1 and 4. Data from an 'out of the box' test of product 1 and a 'High
Contrast Consumer Test' of product 4 were included in the case study. The 'out of the box' test was a
qualitative study with six participants with more or less the same characteristics ('audiophiles')
conducted prior to the launch of the product on a premature prototype.
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It was aimed at (i) understanding consumer's perception of the product, (ii) identifying ease-of-use
issues related to unpacking, installation, and first use of key features/functions, and (iii) identifying
issues related to the design of the product. The data was available in the form of a management
presentation. The 'High Contrast Consumer Test' was a qualitative study with sixteen very diverse
participants on a mature prototype of the product at the participants' home. It was aimed at
highlighting and speeding up the detection of a wide range of potential design problems with a
specific focus on first usage. The data was available in the form of a management presentation and,
more important, numerous video files of the actual test. Appendix J discusses the test data collection
process in detail. Dissatisfaction related information was included in the dataset that contained 62
instances about product 1 and 147 instances about product 4. Table 6.1 summarizes the data that
was used in the case study.

Table 6.1 - Data included in the case study

Product Brief description Company Service centre data Helpdesk data Internet data Test data Trade data

1 Wireless music A Not available Not available 55 threads 62 instances Not available
centre & station

2 Wireless music B Not available Not available 43 threads Not available Not available

centre & station

3 Wireless music A Not available 533 instances 43 threads Not available Not available

station

4 Ironing system A Not available Not available Not available 147 instances Not available

6.3. Case study method
Section 6.1 described the objectives of the case study. Based on these objectives, a case was selected
(as described in section 6.2.1). Pre-processing the available data lead to the actual case as described
in section 6.2.2. This section now discusses the methodology that was followed for the case
assessment and analysis in four steps:

1. Coding the data;
2. Reliability analysis of the elements of the evaluation model;

3. Evaluation of the information content of the different CIS;

4. Evaluation of the IQ of the different CIS.

6.3.1. Coding the data
The primary goal of coding all available instances of field feedback information was reducing the
amount of available data into a better manageable size and format that enabled further analysis. Four
raters were used for this categorization to reduce the influence of misinterpretations and subjectivity
and to increase the reliability of the assessment. All raters were students from the Faculty of
Technology Management of Eindhoven University of Technology. Rater 1 was a PhD student, rater 2
was a master student, and raters 3 and 4 both were bachelor students. All raters performed the coding
of the data separately and unaware of each other.

The large volume of qualitative data in the case study had to be coded effectively and with as few as
mistakes as possible. This is why and IS-facilitated coding tool was developed as advised by Romano
et al. (2003). This tool presented all information belonging to one instance and the coding scheme
(the elements with their categories) at the same time to minimize perceptual and physical loading of
the raters (Romano et aI., 2003). Some other advantages of the tool were that it reduced (i) the
possibility of making mistakes, (ii) the possibility of forgetting to assess some elements, and (iii) the
time needed to assess all instances. Appendix K explains the coding tool in detail.
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The actual data coding procedure consisted of the following steps:

1. Reading the data 'assessment manual' that was written to (i) explain the products under
study in detail, (ii) explain how to use the IS-facilitated coding tool, (iii) define the elements
of the model and their categories.

2. Coding a random sample of 30% of the data for every CIS by every rater to let them (i) acquire
a feeling of the structure of the different CIS, (ii) identify (major) problems with and gaps in
the evaluation model and coding tool, and (iii) gain some experience in coding actual field
feedback data to reduce possible learning effects in the final assessment.

3. Discussing the initial coding sessions with all raters to resolve identified
problems/vagueness in the assessment manual, evaluation model, and coding tool to get a
mutual understanding among the raters

4. Reading the updated 'assessment manual', in which changes were clearly indicated, by all
raters.

5. Coding all data for every CIS by every rater; the raters were asked to code all instances
belonging to a certain CIS without long breaks in between to increase their consistency.

Note that in the final dataset used in step five, a random sample of 25 instances was included twice
for every CIS. The raters had to code these instances thus two times and the results of both sessions
were used to assess the consistency within the raters as explained in the next section. The raters did
not know which instances were included twice to prevent cheating.

6.3.2. Reliability analysis of the elements of the evaluation model
Since the developed evaluation model was applied to real field feedback information for the first time,
no information was available about the extent to which the defined elements and categories are
reliable. This is why the Inter-rater reliability (lRR) was determined for all elements and all different
CIS; the IRR is a measure of the level of agreement between two or more raters on a particular
instrument at a particular time. The IRR can be influenced by:

• consensus between the raters; the assumption underlying consensus estimates of IRR is that
raters "should be able to come to exact agreement about how to apply the various levels of a
scoring rubric" (Stemler, 2004, pp. 1). If consensus estimates are acceptable, the raters
share a common interpretation of the element and accompanying categories.

• consistency within the raters; if an instance is assessed for the second time by the same
rater, the results should be equal to the results of the first assessment. Consistency
estimates give an indication of a rater's consistency in coding an instance according to
his/her own definition of the categories.

The statistics used to evaluate consensus and consistency are now briefly discussed. The reader is
referred to appendix L for a detailed explanation of the rationale behind the reliability analysis
procedure that was used in the case study and for the formulas of the different statistics. The
reliability analysis procedure for a certain element was as follows:

1. All instances that were not assessed by all four raters were filtered out from the raw results
of the assessment. This could be caused by the fact that not all raters have coded the same
instance on all elements because some elements were not assessed for every purpose as
described in Table 5.3. No problems were expected due to this step as an analysis of the
number of included instances showed that they were sufficient for almost all elements
across all CIS to obtain at least 80% power in a hypothesis test concerning the value of
PABAK (Flack et aI., 1988). If these instances were not filtered out, bias was introduced in the
calculations.

2. The raw agreement between all raters was calculated (consensus estimate). This is the
proportion of cases for which the raters agree.
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Analyzing the raw agreement alone was not sufficient as the raw agreement does not take into
account whether raters agreed more than chance alone would predict while "only agreement beyond
that expected by chance can be considered 'true' agreement" (Sim & Wright, 2005, pp.258). Raw
agreement was therefore supported by calculating another consensus estimate; this one was
calculated for every rater pair.

3. For every rater pair, all instances that were not assessed by both raters were filtered out from
the raw results of the assessment. Again, not problems were expected due to filtering out a
small number of instances.

4. The 'prevalence and bias adjusted kappa' (hereafter: PABAK) was calculated for all raters
pairs (consensus estimate).

5. Each rater's consistency was calculated as a raw agreement between the first and second

assessment.
6. Unreliable elements were excluded from further analysis. An element of the evaluation model

was judged as reliable for a certain CIS if both:
a. consensus estimates among three (or four) raters were acceptable; a raw agreement

above 70% was judged as acceptable (Stemler, 2004) and the PABAK between three
or more rater pairs had to be ~ 0.41 (see Table 6.2).

b. the individual consistency of the raters was acceptable; raw agreements ~ 70% for
the three (or four) raters.

7. Data from one rater was excluded from further analysis if:
a. The rater had low consensus with all other raters while the other raters had high

mutual consensus, and all consistency estimates were acceptable. This indicated a
predictable difference in interpretation of the element and accompanying categories.

b. Both consensus and consistency estimates were low. This indicated that the rater
had difficulties in being consistent with the current definitions of the categories.

Table 6.2 -Interpretation ofPABAKin the case study (adapted from Landis & Koch, 1977)

PABAl< Strength of Agreement

<0.00

0.00 - 0.20

0.21- 0.40

0.41- 0.60

0.61- 0.80

0.81 - 1.00

Poor

Slight

Fair

Moderate

Substantial

Almost Perfect

6.3.3. Evaluation of the information content of the different CIS
To determine the information content of the different CIS, the information content of every instance
was determined first based on the assessment by the included raters. To determine the category in
which an instance was coded for a certain element, the results of the assessment of the raters for that
instance were summed up. The category in which an instance was coded by three or more raters was
seen as the actual category for that instance as illustrated in Table 6.3 (instance 1 and 34). If three or
more raters did not agree, the instance was not included in the evaluation of the information content
(instance 89 and 111 of Table 6.3). Note that if the results of one rater were excluded for a certain
element such as for element B in Table 6.3, then all three remaining raters had to agree. By taking the
majority agreement to determine the information content, the reliability of the results was increased.

Table 6.3 - Examples ofcategories assigned to instances for the evaluation ofthe information content

Element Instance Rater 1 Rater 2 Rater 3 Rater 4 Conclusion

A Instance 1 Cat. 1 Cat. 1 Cat. 1 Cat. 3 Category 1

Instance 89 Cat. 1 Cat. 1 Cat. 2 Cat. 2 Not includedin evaluation

B Instance 34 Cat. 1 Cat. 1 Cat. 1 Category 1

Instance 111 Cat. 1 Cat. 1 Cat. 3 Not includedin evaluation
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The information content of the different CIS was then determined by calculating the percentage of
instances that were coded in every category belonging to all elements of the model that were judged
as reliable14

• Table 6.4, for example, shows that three or more raters agreed on the classification of
90% of the instances for element B, 80% of the instances concerned category 3 and 10% of the
instances concerned category 4.

Table 6.4 - Example ofthe information content ofa CIS for two elements

Element Number of instances Category 1 Category 2 Category 3 Category 4 No majority agreement

A

B

Absolute

Relative

Absolute

Relative

20

10%

o
0%

40

20%

o
0%

100

50%

160

80%

30

15%

20

10%

10

5%

20

10%

The results for some elements were further examined to see if the identified differences between the
CIS were higher than could be expected by chance alone. This was done via hypothesis testing.
Because this analysis was not a main goal of the research, the number of tested hypotheses was
limited to five due to time restrictions. Just like in the evaluation of the information content, only the
reliable elements and the instances with a majority agreement were included in this analysis. The
hypotheses were tested as follows (a detailed elaboration of the used statistics and their
interpretation is given in appendix M):

1. A Kruskall-Wallis test was used to examine the null-hypothesis that the probability
distributions of the observations for three different CIS are equal. If the result of this
test was significant, the difference between the three CIS was examined in more
detail by doing several tests as described in the next step.

2. A Wilcoxon rank-sum test was used to examine the null-hypothesis that the
probability distributions of the observations for two different CIS are equal. Because
of the large sample sizes, the significance of this statistic could be evaluated by
transforming it into a z-score and then assessing the p-value. This p-value, however,
was first adjusted to prevent a Type 1 error, finding a difference where in fact there
is none, by applying the Bonferroni correction. The difference between the different
CIS was evaluated as significant for adjusted p-values ~ 0.025.

3. If the Wilcoxon rank-sum test indicated a significant difference, then the size of this
effect was evaluated by calculating Pearson's correlation coefficient. This was
interpreted according to Table 6.5.

Table 6.5 - Interpretation ofcorrelation coefficient (adapted from Hopkins, 2002)

Correlation coefficient Effect

0-0,09

0,10 -0,29

0,30 -0,49

0,50 -1

insubstantial

small

medium

large

6.3.4. Evaluation of the IQ of the different CIS
The IQ was evaluated to analyze to what extend the CIS can be used to support PODs. The following
had to be taken into account:

• the moment the instances were available (timeliness);
• the level of detail in order to determine root-causes and prioritize failures;

• the completeness of a CIS as a whole;

• the appropriate amount of the information in a CIS as a whole (including the percentage of
instances about consumer dissatisfaction).

14 Thus the elements that were judged as unreliable for a certain CIS were excluded.
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The IQ aspect timeliness of the different CIS was assessed relatively to each other. It was assumed
that the sooner the information was available, the better it was. The assessment of the information
content as described in the previous section is strongly related to the 'level of detail'. Whether the
present information is sufficient to determine root-causes or not cannot be judged here because a
team with experts with different backgrounds is needed to discover the real cause of a problem
especially for complex products (Gilthenke & Leiters, 1999). Therefore, the amount of available
information to determine root-causes and prioritize failures is evaluated qualitatively.

The completeness of a CIS as a whole is evaluated based on a summary of the information content of
the different CIS (as described in the previous section) by comparing the percentage of instances that
did contain information about that element with the percentage of instances that did not contain
information about that element as illustrated in Table 6.6. Finally, the appropriate amount of
information was evaluated by focussing at statistically valid proportions of the instances that
contained information about consumer dissatisfaction.

Table 6.6 - Combining results ofthe evaluation ofthe information content to evaluate completeness

Evaluation of the Category Percentage of instances

Information content Objective description

Subjective description

No information

Completeness Information present

No information present

10%

30%

60%

40%

60%

6.4. Case results
6.4.1. Reliability of the evaluation model
To answer research question 3a (Is the model applicable to all information sources?), the reliability of
the evaluation model was analysed based on the raw agreements between all raters. Appendix N
contains the analysis results. Analysis of these data led to the conclusion that 4 out of 26 elements
gave no reliable results and had to be excluded from further research for some CIS. The raters had
very limited consensus above that could be expected by chance and were hardly consistent in their
assessment for the following elements:

• 'Nature' for helpdesk, internet, and test data: The raters indicated that they experienced
difficulties with this element because (i) numerous instances had too little information to
make a clear choice between the categories 'Understanding/ease of use' and 'Missing
functionality' and (ij) there were difficulties in interpreting what exactly belonged to the
'behaviour of the product'.

• 'Tone' for test data: It was concluded that raters 1 & 4 interpreted the belonging categories
differently than raters 2 & 3 because (i) consensus between rater 1 & 4 and 2 & 3 was
moderate (0.57 and 0.56) while all other raters pairs had fair consensus (0.24 to 0.34) and
(ij) consistency was acceptable for all raters. Detailed analysis did not point out the cause of
this and gave no directions for improving raw agreement to an acceptable level.

• 'Location in consumer process' for helpdesk and internet data: The raters interpreted some
of the categories belonging to this element differently; raters 1 & 3 looked at information
concerning the frequency of use to distinguish between the categories 'out of the box' and
'extended use' while raters 2 & 4 looked at the area of dissatisfaction as it was intended.

• 'Frequency of occurrence' for helpdesk and internet data: It turned out that rater 4 had
problems in understanding the category 'reproducible intermittent'. Furthermore, rater 3
indicated that he only coded an instance in a category other than 'No information/unclear' if
he was extremely confident about it. He acknowledged that he perhaps had been too strict
on this, resulting in the fact that he coded 97% of both helpdesk and internet data into this
category where other raters had much lower percentages (varying between 20 and 81 %).
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Furthermore, the analysis of the consensus and consistency estimates led to the conclusion that the
results of certain raters could be excluded for certain elements to improve the consensus. Table 6.7
summarizes the results of this and shows that all raw agreements were acceptable after excluding the
data from certain raters. Appendix N gives a detailed additional explanation of the reasons for
excluding the data of the mentioned raters from further research.

For the element 'location in consumer process' the results of two raters were excluded because those
raters did not follow the intended definition of the belonging categories. It was not decided to exclude
the complete element from further analysis as the other two raters followed the intended definitions
resulting in acceptable consensus (PABAK of 0.71 and raw agreement of 76%) and consistency (72%
for both raters). The majority agreement for this element was set to two which implied that both raters
had to agree on this element before an instance was included for further analysis.

Table 6.7 - Rawagreements between all raters before andafter exclusion ofdata

Element for which data from a certain Data excluded for rater(s) Helpdesk Internet Test

rater is excluded Before After Before After Before After

The focus is on interactions:

between product & environment rater 4 (for all CIS) 68% 77% 70% 70% 94% 94%

between product & user rater 4 (for all CIS) 80% 86% 70% 83% 80% 76%

within the product itself rater 4 (for all CIS) 78% 90% 67% 78% 60% 82%

Other/unclear rater 4 (for all CIS) 86% 89% 85% 84% 98% 97%

Tone rater 3 64% 79%

Location in consumer process raters 1 & 3 47% 76%

Comparison with other product rater 2 70% 98%

Executed actions
rater 1 (helpdesk), rater 3

75% 85% 59% 85%
(internet)

Consumer's expertise rater 1 68% 100%

Consumer's expectations rater 1 (both CIS) 65% 97% 63% 74%

Perceived severity rater 1 62% 89%

6.4.2. Information content of the different CIS
This section discusses the general conclusions about the information content of the different CIS
while appendix N contains a detailed analysis including possible explanations for the findings.

Test data was richest of all examined CIS as it contained by far most information about both context of
occurrence and the consumer. Helpdesk almost only contained information used to identify the failure
and no information concerning the context of occurrence and the consumer. Internet data scored in
between both CIS. The results for the elements 'focus' and 'connected peripheral products' depended
on the design of the test and the type of product.

Analysis of the information content for the elements belonging to the business aspects did not result
in many remarkable findings as compared to what could be expected based on the description of the
CIS as given in section 2.8 (see Figure 6.1 to 6.4):

• Consumers contacted the helpdesk mostly for solving problems and most instances only had
one purpose. The tone of most instances was neutral and information about the solution
status was lacking for most instances.

• Consumers contacted internet mostly to request information or solve problems and most
instances had only one purpose. Again, the tone of most instances was neutral and
information about the solution status was lacking for most instances.

• Test data contained only evaluations/suggestions. Most instances had only one purpose,
which could be caused by the way in which data was presented to the raters.
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• One purpose

Figure 6.1 -Instances coded in the categories
belonging to the element 'purpose'

Figure 6.2 -Instances coded in the categories
belonging to the element 'more than 1 purpose'

Helpdesk Internet

Illil Positive tone • Neutral tone • Negative tone

Helpdesk

11II Solved

Internet

• Unsolved/unknown

Figure 6.3 -Instances coded in the categories
belonging to the element 'tone'

Figure 6.4 -Instances coded in the categories
belonging to the element 'solution status'

Because internet discussions often evolve, the amount of instances with more than one purpose was
expected to be larger for this CIS than for the other. Figure 6.2 however, only shows a very small
difference between the CIS. This was further examined by testing the following hypothesis:

Ho: The distribution ofinstances with more than one purpose and only one purpose is equal for all CIS.

The Wilcoxon rank-sum test between internet and helpdesk data reported a mean rank of 298,97 for
internet data and 290,25 for helpdesk data. The test was significant (one-sided p-value of 0,002) with
a value of 135257 and the effect size indicated a small effect (-0,119). The Wilcoxon rank-sum test
between internet and test data reported a mean rank of 167,07 for internet data and 161,50 for test
data. The test was significant (one-sided p-value of 0,004) with a value of 33753,5 and the effect size
indicated a small effect (-0,149). The mean rank of internet data was higher than that of both helpdesk
and test data. Although the effects were small, they indicate that the fact that there are more
instances with more than one purpose in internet data than in the other sources was not (only) due to
chance.
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Internet data did contain slightly more information about the solution status than helpdesks (see
Figure 6.4). Whether this was based on chance alone was further examined by testing the following
hypothesis:

Ho: The distribution ofsolved and unsolved/unknow instances is equal for helpdesk and internet data.

The Wilcoxon rank-sum test reported a statistic of Vlf.=56611,5 and was not significant (p = 0,243).
This implied that there is no significant difference between the distribution of both categories for both
CIS.

Analysis of the information content belonging to the context ofoccurrence showed that:

• Helpdesk data contained hardly any contextual information; only a considerable amount of
information about the location of use was present as the location of callers was recorded
automatically.

• Internet data contained a considerable amount of information about (i) the location of use,
(ij) peripheral products, and (iii) executed actions (see Figure 6.5 and 6.6). It was thus richer
than helpdesk data as was expected.

• Test data contained a considerable amount of information for all elements except connected
peripheral products (due to the design of the test and type of product) and ambient
conditions (which lacked for all CIS).

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Helpdesk Internet Test

• Not connected or brand/type not known

II Brand/type of other product is known

Helpdesk Internet

II Information about executed actions • No information

Figure 6.5 -Instances codedin the categories belonging
to the element 'connectedperipheralproducts'

Figure 6.6 -Instances codedin the categories
belonging to the element 'executed actions"

Whether these differences were based on chance alone was further examined by testing the following
hypotheses:

Ho: The distribution ofinstances with and without information about connectedperipheralproducts is

equal for helpdesk and internet data.

The Wilcoxon rank-sum test reported a statistic of W= 42793,5 and was not significant (p = 0,5). This
implied that there is no significant difference between the distribution of both categories for both CIS.

Ho: The distribution ofinstances with and without information about executed actions is equal for

internet andhelpdesk data.

The Wilcoxon rank-sum test between internet and helpdesk data reported a mean rank of 469,32 for
internet data and 237. for helpdesk data. The test was significant (two-sided p-value of 0,000) with a
value of 110442 and the effect size indicated a large effect (-0,932). This indicated that the fact that
there were more instances with information about the executed actions in internet data was not (only)
due to chance.
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Analysis of the information content for the elements belonging to the consumershowed that:

• Helpdesk data contained no information about the consumer.
• Internet data contained hardly any information about the consumer.

• Test data contained much information about the demographics (except nationality) and
frequency of use. It contained some information about consumer's expectations (see Figure

6.7) and perceived severity.

Figure 6.7 indicates that test data contained considerably more information about consumers'
expectation. Whether this was based on chance alone was further examined by testing the following

hypothesis:

Ho: The distribution ofinstances with and without information about consumer's expectations is equal

foral! CIS.

The Kruskall-Wallis test reported a mean rank of 380 for both helpdesk and internet data and 489,19
for test data. The test was significant (p-value of 0,000) with a value of H= 174,139. The Wilcoxon
rank-sum test between internet and test data reported a mean rank of 309,5 for internet data and
399,8 for test data. The test was significant (one-sided p-value of 0,000) with a value of 143917,5 and
the effect size indicated a medium effect (-0,44). The Wilcoxon rank-sum test between test and
helpdesk data reported a mean rank of 194,39 for test data and 147,5 for helpdesk data. The test was
significant (one-sided p-value of 0,000) with a value of 20797,5 and the effect size indicated a
medium effect (-0,35). The mean rank of test data was higher than that of both helpdesk and internet
data. This indicated that the fact that there were more instances with information about a consumer's
expectations in test data was not (only) due to chance.

;-------------

Helpdesk Internet

III Information about consumer's expectations

Test
• No information

Figure 6.7 -Instances codedin the categories belonging to the element 'consumer's expectations'

6.4.3. Information quality of the different CIS
The timeliness of the different CIS was assessed relatively to each other as the moment at which the
information is needed by the PODs was not known. Assessing the timeliness then still is not
straightforward. The helpdesk data available for the case study unfortunately was collected as from
half a year after product launch. The gap between product launch and data collection is too big to
draw valid conclusions about the timeliness seen the fast pace of innovation in modern CE products.
In addition, when knowing that products are launched at different moments in different countries, the
problem with internet data is that it lacks information about the location of use (see section 6.4.2)
which makes it hardly impossible to filter out the instances belonging to a certain moment of product
launch and judge their timeliness. Thus, the only conclusion that could be drawn about the timeliness
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is that (most) test data is available sooner than helpdesk and internet data because it is already
collected during the PDP while helpdesk and internet data are collected after product launch.
A detailed discussion of the IQ aspect level ofdetail was given in the previous section that explained
that test data contained a considerable amount of information about the context of occurrence and the
consumer in contrast to both helpdesk and internet data and thus was far more complete. This can
also be seen in Figure 6.8 which gives an overview of the information present in the different CIS. So
most information needed to determine root-causes of consumer dissatisfaction is present in test data.
Whether this is sufficient or not could not be determined in the research as explained in section 4.5.
However, the expectation is that the ability to determine root-causes of both helpdesk and internet
data is insufficient because very little information is present in them.
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Figure 6.8 - Percentage ofinstances that contained information for the mentioned elements

With regard to the ability to prioritize failures, it can be concluded that test data contains most
information needed to construct operational, consumer, and environmental profiles (see section 4.5).
In contrast, these profiles cannot be constructed based on the information present in helpdesk and
internet data. In addition, the element 'location in consumer process' was only reliable for test data
and the element 'frequency of occurrence' was not reliable for all CIS. Finally, only test data contained
information about perceived severity. Based on the results of the case study, it was concluded that the
ability to prioritize failures was insufficient for helpdesk and internet data. It was expected that test
data contained sufficient information to prioritize failures to some extent. Finally, the model elements
'nature' and 'location in consumer process' had low reliability and where excluded from further
analysis for some CIS; this made it impossible to draw conclusions about the number of consumers
experiencing the same dissatisfaction.

Although some data was excluded from further analysis as described in section 6.3.2, still a
considerable amount of instances remained to evaluate the information content of the different CIS
(see table N7 in appendix N). The given amounts, both absolute and relative, were judged sufficient to
draw statistically valid conclusions. Figure 6.1 showed that almost all instances contained information
related to consumer dissatisfaction.
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The data collection period for helpdesk data was equal to that of internet data for product 1
(approximately 3 months) but resulted in far more instances. This data collection period was very
short compared to that for internet data for product 2 and 3 to get the same amount of data from one
internet user forum. This suggested that the amount of internet data depended on the product under
study. Assuming that 11 months is a too long period as compared to the development time of modern
CE products (see Figure 2.6), for some products an insufficient amount of internet data could thus be
available within time if focussing on one internet user forum. It is expected that the volume of internet
data can be increased by taking into account data from other internet forums as well (if present). This
was not done in the case study due to time restrictions. In addition, also the amount of test data can
be increased because during the PDP of a product, often multiple consumer tests are conducted.

6.5. Case conclusions and discussion
Helpdesk, internet, and test data from four different highly innovative CE products were assessed by
four raters by using the developed evaluation model. The results of this assessment had an
acceptable reliability for most elements (22 of the 26). These elements were used for further research.
For some of these elements, the assessment results of a certain rater were excluded.

The case study thus did not result in very revolutionary new insights but provided additional evidence
about the information content and quality of the examined CIS. Timeliness was difficult to evaluate; it
was concluded that test data was available (much) sooner than helpdesk and internet data. An
analysis of the information content (level of detail) of the different CIS did not result in very
remarkable findings as compared to the characteristics of the CIS (see section 2.8). The analysis
showed that test data contained a considerable amount of information concerning the context of
occurrence and the consumer, in contrast to helpdesk and internet data. Although the differences
between the information content of both helpdesk and internet data were small mostly, internet data,
for example, contained significantly more instances with (i) more than one purpose and (ii)
information about the executed actions.

Both the ability to determine root-causes and prioritize failures were expected to be low for helpdesk
and internet data as they contained very little information about the context of occurrence and the
consumer. This ability was expected to be sufficient for test data as it contained considerable
information about the context of occurrence and the consumer. Based on these results, test data is
most interesting for a detailed further analysis.

During the evaluation of the coding process, the raters came with some interesting remarks:

• Raters 3 & 4 explained that they both had strong doubts about the believability of the
'service request resolution' information as filled in by the helpdesk employees. They
therefore chose to believe this information only when it joined the text entered by the
helpdesk employees. Raters 1 & 2 doubted less about the believability of the 'service
request information'. This finding emphasizes the importance of assessing the intrinsic IQ of
the different CIS in future research.

• Raters indicated that they got a feeling about the expertise level of certain posters after
reading through a lot of posts on an internet user forum. This feeling could not be captured
in the evaluation model. Further research could be aimed at assessing a consumer's
expertise based on an accumulation of posts of this consumer.

• Some instances in the helpdesk database were related to each other. The relation between
these cases was, however, not always explicitly included in the data and these cases were
therefore seen as separate problems. This could lead to bias in the frequency of occurrence.

Note that the available data put some limitations on the case study as the type of product influenced
the results for certain elements and CIS. In addition, too little data was examined to draw statistically
valid conclusions about the raters' consistency.
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7. CONCLUSIONS AND RECOMMENDATIONS

This chapter now concludes the research described in this report (section 7.1) and addresses its
validity (section 7.2). Finally, section 7.3gives suggestions for further research.

7.1. Conclusions
The central research question of the research described in this report was:

To what extent can product development departments be supported in predicting, solving, and
preventingsoft failures by information extracted from field feedback data?

To answer this question, first the information needed by PDDs to predict, solve, and prevent consumer
dissatisfaction was identified (research question 1). It was concluded that:

• Perceived product failure leads to consumer dissatisfaction. PDDs need information about
consumer's expectations and perceived product performance to predict, solve, and prevent
consumer dissatisfaction.

• Perceived product performance depends on the consumer, environmental, and activity
context.

• PDDs need information that enables them to determine the root-causes of consumer
dissatisfaction and to prioritize further actions. Contextual information is needed for this. In
addition to the contextual information (to construct operational, consumer, and
environmental profiles), prioritization can also be based on a consumer point of view, and a
technical point of view. It was decided not to include the technical point of view because the
information sources under study capture consumer feedback and consumers lack the
required technical knowledge about the product.

• Usability is one of the most important factors that consumers consider when evaluating a
product. Usability requirements are also determined by the consumer, environmental, and
activity context. A literature study turned out that, with regard to these contexts, PDDs are
interested in:

o the following types of characteristics of the consumer: demographical!social,
physical!psychomotor/ physiological, knowledge/experience, perceptual/cogn itive,
and emotional/psychological.

o the physical ambient, social, and market environment.

o the preconditions, executed actions, and responses of the product when the
dissatisfaction occurred.

• Failure prioritization from the consumer's point of view is based on the perceived severity,
which depends on several different characteristics, and frequency of occurrence of the

failure.
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Next, the quality of information in the specific context of this research (research question 2a) was
defined based on both the information consumers' and product quality and reliability point of view:

• IQ from the information consumers' point if view consists of four dimensions: intrinsic,
contextual, representational, and accessibility IQ. Due to time restrictions, it was decided to
focus on the contextual IQ. Contextual IQ is determined by its added value, relevancy,
completeness, timeliness, and amount.

• IQ from the product quality and reliability point of view is determined by the level of detail,
deployment, and the required time to obtain and deploy the information. Deployment was
not taken into account as it depends on different business processes and information flows
and not only on the information content and quality.

• Combining both viewpoints resulted in the IQ aspects that determine the quality of
information for predicting, solving, and preventing consumer dissatisfaction from the
perspective of PDDs:

• Timeliness of the information by focusing on the moment every instance was available;

• Level of detail of the information in every instance which is important to assess the:

o ability to determine root-causes

o ability to prioritize further actions

• Completeness of a CIS as a whole;

• Appropriate amount of the information in a CIS as a whole.

The answers to the previous questions then led to a model that could be used for a first evaluation of
the IQ in different CIS (research question 2b and c). The elements included in the model had to provide
an accurate and detailed description of the content of each instance of a CIS, and where grouped into

the four branches of the model:

• Timeliness, aimed at extracting the moment the instance was available.
• Business aspects, aimed at identifying the actual dissatisfaction.

• Context of occurrence, aimed at extracting detailed information about the environmental and
activity context.

• Consumer, aimed at extracting consumer related information.

A case study finally gave insight in the applicability of the model to the different CIS (research
question 3a) and their information content and quality (research question 3b). Unfortunately, service
centre and trade data were not available and could not be retrieved within time. Therefore, no
conclusions about the applicability of the model to these sources were drawn. Detailed analysis of
consensus and consistency estimates of the four raters turned out that the elements 'nature', 'tone',
'location in consumer process', and 'frequency of occurrence' had unacceptable reliability for certain
CIS. These elements were thus excluded from further analysis for the mentioned CIS, and subsequent
research should improve the applicability of those elements or define other elements aimed at
assessing the availability of the same information. All other elements were applicable to all CIS under
study. The results from certain raters were excluded to increase overall agreement.

Test data was richest of all examined CIS as it contained by far most information about both context of
occurrence and the consumer. Helpdesk almost only contained information used to identify the failure
and no information concerning the context of occurrence and the consumer. Internet data scored in
between both CIS. Test data is also available sooner than helpdesk and internet data because it is
already collected during the PDP. The amount of available data was judged sufficiently for all CIS. So
test data seemed a very interesting information source for supporting PDDs in predicting, solving, and
preventing consumer dissatisfaction. Internet and helpdesk data seemed less interesting, especially
because (i) they were not complete, (ii) they were available in a later stage, and (iii) the amount of
information could be problematic. However, further research is needed to draw definite conclusions.
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The evaluation model itself could also be improved. Possible directions for improvement of the model
are:

• The evaluation model was used for a first assessment. Further research could include more
elements to increase the depth of analysis of the information content and quality. Especially
for the elements that have a clear accumulation of instances in certain categories (other than
the category that represents 'no information'), the evaluation model could be adapted at this

element, for example by further increasing the level of detail of the categories.
• The level of detail of the assessment of the information content can be increased by taking

the system hierarchy or functional decomposition of the product under study into account to

enable a better evaluation of the frequency of occurrence of different dissatisfactions in a
CIS. This, however, makes the evaluation model product specific.

• Further research is needed to improve both consistency and consensus of the assessment of
the elements nature, tone, location in the consumer process, and frequency of occurrence. It

is also possible to define other elements that focus on extracting the same information.

• A reasonable amount of instances contained information about the solution status. Future

research could therefore address, for example, whether the solution is also included in the
information.

Next to the recommendations for further research to improve the results of this research as a whole

and the model in specific, some other suggestions for related further research could be done:

• Further methodological research on the statistic that could be used in the calculations is
needed as there is currently no consensus in the field.

• Past research has show that a significant percentage of consumers do nothing or only take
private action when they experience a problem, suggesting that consumers do not expect the
costs of (public) action exceeding the benefits (Broadbridge & Marshall, 1995). Consumer
dissatisfaction in the Pre-sales phase, resulting in not buying the product, is not even taken

into account here. This implies that a lot of information about consumer dissatisfaction does
not reach the manufacturers. So field feedback data available within a company represents

only a part of total consumer complaints. Although not part of this research, it is important

that companies lower the entry ad communication threshold to complain and/or increase the
perceived effectiveness of complaining so that they will receive more field feedback

information.

• Further research is needed to optimize both field feedback collection and distribution
processes to improve availability of the information (GUthenke & Leiters, 1999; Petkova,

2003).

• If subsequent research reveals that different CIS indeed could support PODs in predicting,
solving, and preventing consumer dissatisfaction then data fusion and mining techniques

should be developed to extract the relevant information from the different sources and

merge it into prioritized design information.
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APPENDIX A: PRODUCT AND DEMAND LIFE CYCLE

The life cycle of a product type is shown in figure A1. The product life cycle (PLC) can be divided into
four stages: introductory, growth, maturity, and decline. The marketing strategy for each stage of the
PLC differs with regard to the target consumers, pricing, distribution and promotion:

Introductory:

Growth:

Maturity:

Decline:

high uncertainty with regard to customer needs and product requirements.

strong growth of sales volume in combination with an increasing number of
features and product variants.

the market becomes more stable and cost sensitive. One must aim at providing
additional services and components and process optimization.

reducing costs is most important.

Introductory Growth
Stage Stage

Maturlty
Stage

Decline
Stage

Figure A1 - The product life cycle ofa type ofproduct

Because new products take less time before they are being sold in high quantities and reach their
peak of sales much earlier, the length of the introductory and growth stage has decreased. Therefore,
the length of the overall PLC has thus also increased.

If there are multiple generations of a product, the PLC of the multiple-generation view contains the life
cycles of all product generations and is called the 'demand life cycle' (see Figure A2). We can see that
when the early generations are on their top, the demand life cycle is still rising. The top of the demand
life cycle is reached after more generations. Figure A2 also shows that when the first generation has
reached its growth and maturity stage, this does not yet count for the total demand life cycle. The
succession of generations does primarily help to improve the product. However, this is only possible if
the company gets fast field feedback (and feed forward) with a sufficient quality about the launched
generations of the product on time. If PLCs shorten, there is less time to acquire and incorporate field

feedback.
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APPENDIX B: DIFFERENT CATEGORIES OF PRODUCT
ATTRIBUTES

Kano et al. (1984) argue that product attributes can be divided in three categories based on the

associated (dis)satisfaction by consumers:

• threshold attributes or 'dissatisfiers'; product attributes that must be fulfilled and do not
lead to satisfaction of the consumer but if not fulfilled (as expected) lead to extreme

dissatisfaction.

• performance attributes or 'satisfiers'; product attributes that consumers use to compare the
alternatives and base their choice on.

• excitement attributes or 'exciters'; product attributes that positively surprise the consumer
and will not be the reason to buy the product.

Due to differences in desires, needs, values, and past experiences, an attribute that is an 'exciter' for

one consumer can be a 'satisfier' or even a 'dissatisfier' for another consumer. 'Dissatisfiers' and

'satisfiers' are very important for consumer dissatisfaction. 'Exciters' are very important for consumer
satisfaction because they rapidly increase consumer satisfaction and do not lead to dissatisfaction.

Consumers do not expect these attributes to be present which means that they are very difficult to
discover. This is one of the reasons why determining the voice of the consumer (VOC) is difficult. The

focus in this research was mainly on dissatisfiers and satisfiers as they can lead to consumer

dissatisfaction.

Figure 81 shows that, over time, 'Exciters' become 'Satisfiers' and 'Satisfiers' become 'Dissatisfiers'
which indicates that (i) consumers expect more and more from new products and that (ij) consumers'

expectations are dynamic.

High

Did it very well

Exciters

Threshold
attributes

Dissatisfiers

Dissatisfied
Performance relative to competitionLow

Satisfied

Did not do it at all
--------~..;;;....;----...;,;".....,;;,.;..,;.;;.-

Figure B1 - The Kano diagram (Rainey, 2005)

Note that Finch (1999) concluded that it was impossible to assign a Kano level to a consumer
complaint described in an internet message with any validity because it is very consumer specific.
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APPENDIX C: ROGERS CURVE

According to Rogers (2003), consumers can be divided into different groups (see Figure (1). Rogers
ascribes the following characteristics to these different groups:

Innovators:

Early adopters:

Early Majority:

venturesome, cosmopolite, risk-taking, information seeking, with a higher
financial status, reference themselves, they know what they want

greatest degree of opinion leadership and respected by other members of the
social group

deliberate, adopt new products just before the average member of a system,
reference each other

Laggards:

Late Majority: sceptical, adopt new products just after the average member of a system, they
expect low prices

traditional, last in social system to adopt, pay little attention to the opinions of
others, they expect high service levels and no installation procedures

The consumer groups differ in the sources of information they rely on to adopt new products.

# of products sold
Early

Majority

Early
Adopters

Late
Majority

Innovators ~ Laggards time

Figure Cl - Rogers' diffusion ofinnovations model

'Innovators' and 'Early Adopters' are open for and interested in new products and ideas and willing to
take (some) risk by buying new products as soon as they are available. Geudens et at. (2005) expect
that these consumers experience more problems with the relative advantage of a product because the
probability that the product has nothing new to offer increases for these consumers. The 'Late
Majority' and 'Laggards' are risk averse and only willing to try new ideas when the majority is using
them. They often only buy a new product when the old one does not function any more. Geudens et at.
expect that these types of consumers experience more problems with the complexity of a product
because the product or technology is totally new to them. Finally, the 'Early majority' can be
positioned between the 'Innovators' and 'Early Adopters' on the one hand and the 'Late Majority' and
'Laggards' on the other hand and are expected to experience more problems with a product's
compatibility.
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APPENDIX D: THE ROLLER COASTER CURVE

The four-phase roller-coaster curve of Figure D1 distinguishes between four types of quality and
reliability problems (Brombacher et aI., 2005):

1. Hidden O-hour failures; products that do not meet their technical specifications and/or their
consumers' expectations. A product could be outside its technical specifications because it
slipped through the final tests or was damaged during transport. A product could also be
outside the consumer's specifications because product specifications were incomplete, from
the view of the consumer, or they were perceived differently.

2. Early wear-out; products that function a while but wear out early due to extremes in the
products or in their use/consumers;

3. Random failures; products that fail due to external, random events such as lighting strikes;

4. Systematic wear-out; products that fail due to degradation over time.

Ai

4: Systematic wear-out

2: Early wear-out

3: Random failures

t~

Figure 01 - Four-phase roller-coaster curve (figure adoptedfrom Petkova, 2003)
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APPENDIX E: INFORMATION FLOW OF SERVICE
CENTRES AND HELPDESKS

Figure E1 and Figure E2 present a schematic overview of the information flows in a service centre and

helpdesk according to Boersma et al. (2005). These flows are analyzed by using the MIR concept. This
concept consists of a set of "criteria that can be used to classify information flows on their ability to be

used in an analysis and improvement process" on a five step scale (Boersma et aI., 2005, pp. 107).

The MIR levels are:

"LevelO The manufacturer has no relevant quantitative evidence of the process
output2 (eg.field behaviour) of the products. Consequently, there are no
control loops from service back to Production and Development. (Example: the
number ofservice calls ofa product is known but not in relation to the time of
repair, the age ofthe product and the numberofproducts sold.)

Levell The manufacturer has quantitative evidence of the process output of the
products and the information is fed-back into the process, but the origin ofthe
problems / deviations is unknown.

Level2 The manufacturer has quantitative evidence ofthe process output, knows the
origin ofthe problems (such as design, production, material or customer use),
has the corresponding control loops, but does not know what actually causes
the problems.

Level3 The manufacturer has quantitative evidence ofthe field behaviour, knows the
origin of the problems and knows what actually causes them, and has the
corresponding control loops and is able to solve problems. The manufacturer
is, however, not able to prevent similar events from happening in the future
again.

Level4 The manufacturer has quantitative evidence of the field behaviour, knows the
origin of the problems, and knows what actually causes them and what to do
about it. The level ofknowledge is such that the manufacturer not only knows
root causes of problems (technical and organisationaO but is also able to
anticipate and prevent similar problems in the future. All corresponding
control loops are in function. " (Sander & Brombacher, 2000, pp. 442-443)
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SIGNIFICANT

__---+-----:=l::::::::::::~~" !N!FORMATION LOSS'" IN THESE AREAS

MR1

Return to Customer

Product. Development Process

Figure E1 - Existing information flow ofservice centres (Boersma et al., 2005)

Nota:
MIR3 Data =11 % + 41 % =52%
MIR2 Data =36%
Not Analyzable = 12%+Y%. 1}DATA DOWNGRADED

Compile list of 10 FROM MIR3 TO MIR2
mos1common
problem topics RESULTING IN LOSS

OF INFORMATION

Usable data downloaded
from Call Centre:
52% MIR3 data +
36% MIR2 data

Percentage of Customers with
Problem ceiling into Call

Centre:
(100%+Y%)

MIR level 3

MIR level 2

MIRIevel1

MIR level 2 or 3

Figure E2 - Existing information flow ofa helpdesks (Boersma et al., 2005)
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APPENDIX F: INFORMATION REQUIREMENTS

This appendix summarizes information that is required to predict, solve, and prevent consumer
dissatisfaction in general and non-technical failures in specific (table F1 to F4). Table F5 briefly
describes the literature to which is referred to in table F1 to F4.

The consumer-related requirements represented in Table F1 are grouped into six categories. The first
five categories are based on a taxonomy of context variables for usability evaluation as proposed by
Kwahk & Han (2002).

Table F2 summarizes the information requirements for the environmental context based on the
following sub-environments (Babbar et aI., 2002; Kwahk & Han, 2002): (i) the physical ambient
conditions, (ii) the social environment, and (iii) the market environment.

Table Fl - Consumer-related information requirements
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Gender, age, race/nationality, occupation/career, marital
status, income, expenditures, ethnic background, cultural
background

Consumer values

Perceived social status of the product

Vision, hearing, speech clarity, tactile capability, body size,
dexterity, mobility, health, fatigue, handicaps, strength,
control precision, arm-hand steadiness, physiological

tolerances, metabolic requirements

Core and supplemental knowledge, Length of use, experience
with similar products, academic background, intelligence level,

functional/visual literacy

Memory, understanding, sensory/cognitive response, learning
style preference, speed/flexibility of closure, oral/written
comprehension level, fluency of ideas, reasoning ability,
perceptual speed, general/specific aptitudes

Aesthetic preference, class consciousness, innovativeness,
self-esteem, anxiety, beliefs, stress, interests, motivation,

Attitude and emotional relationship (owner/renter) towards the
product

Consumer's expectations and satisfaction

Cost expectations of users

Degree of cognitive interaction and physical contact

Lifestyle

Kwahk & Han (2002), Swanson et at. (2003),
Rogers (2003)

Boztepe (2007a, 2007b), Saaksjarvi, (2003),
Rogers (2003)

Rogers (2003)

Kwahk & Han (2002), Green et at. (2006)

Kwahk & Han (2002), Green et at. (2006),
)anhager (2002,2005), Saaksjarvi, (2003)

Kwahk & Han (2002)

Kwahk & Han (2002)

janhager (2002,2005)

Green et at. (2006)

janhager (2002, 2005)

Saaksjarvi (2003)
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Table F2 - Environmental-related information requirements

Appendix F

Sub-environment Information elements Reference

Physical ambient
conditions

Psychological or social
environment

Market environment

Temperature, humidity, ventilation, noise, vibration,
illumination, acceleration, environmental instability

infrastructure (such as energy supply)

Psychological atmosphere of home or work place,
membership, interruption, influence of family or
working group, and organizational climate

Cost of use

Maintenance and parts availability

Information concerning competing products like price,
features, performance

Information concerning peripheral products like
brand, type, software and/or firmware version

Kwahk & Han (2002), Swanson et at. (2003),

Green et at. (2006)

Green et at. (2006)

Kwahk & Han (2002), Swanson et at. (2003)

Swanson et at. (2003)

Green et at. (2006)

Green et at. (2006)

Table F3 - Activity-related information requirements

Information requirement Reference

Application task or activity themselves about which is complained

Frequency and duration of use of the task or activity

The pre-condition of the product, the executed actions, and response

first acquaintance or prolonged use, mandatory or optional, complexity,
difficulty, criticality, consequences of erroneous handling, communication
modality (visual, tactile, or auditory), dynamicity of the activity (observation or

manipulation), whether or not specific objective or target exists (task or
exploration)

Green et at. (2006), Janhager (2002,2005)

Kwahk & Han (2002), Green et at. (2006)

Swanson et at. (2003)

Kwahk & Han (2002), Janhager (2002, 2005),
Saaksjarvi, (2003)

Table F4 - Prioritization-related information requirements

Information requirement Reference

The failure frequency (both the number of different consumers

experiencing the same problem and the number of failures per
time unit)

The importance of the attribute that causes problem

The environment in which the failure occurred

The reproducibility of the failure (coincidence or not?)

Failure solvability

Failure impact

Failure work around

Failure time in consumer process

Technical severity

Correctability

The usage pattern in which the failure occurred to determine
whether the failure belongs to the often used basic functions
or to the more advanced functions.

User characteristics such as:
To what cause do the participants attribute the failure?
The type of consumer.
The consumer's relation with the product.

/faculty of technology management

Van loggel (2005), Mockus et at. (2005), De Visser (2006),
Gulpen (2007), and Soderholm (2007).

Van loggel (2005), De Visser (2006)

Van loggel (2005), De Visser (2006)

Van loggel (2005), De Visser (2006)

De Visser (2006)

De Visser (2006)

De Visser (2006)

De Visser (2006)

Van loggel (2005), Mockus et at. (2005), and Soderholm (2007)

Gulpen (2007)

Van loggel (2005)

Gielen (2007), Bergmans (2007)

Van loggel (2005)
Van loggel (2005)
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Table F5 - Briefdescription ofthe literature used to determine the information requirements

Reference Brief description

Bergmans (2007)

Boztepe (2007a)

Boztepe (2007b)

De Visser (2006)

Gielen (2007),

Green et at. (2006)

Gulpen (2007)

Janhager (2002)

Janhager (2005)

Kwahk & Han (2002),

Mockus et at. (2005)

Rogers (2003)

Saaksjarvi, (2003)

Soderholm (2007)

Swanson et at. (2003)

Van Zoggel (2005)
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Bergmans explored the User Perceived Failure Severity caused by a product failure in a high end
CE product and presented a validated UPFS.

This paper gives a critical overview of the notion of value to guide the efforts of designers to
better understand users and deliver products which are of value to them.

This paper discusses product development for global markets from the perspective of creating
value for users in different cultural settings. It investigates what constitutes value for users and
how user value is shaped by local and cultural context. Finally, a conceptual framework is
proposed to assist designers in global companies in (1) the evaluation of existing products in
new local contexts; (2) the planning of local research; and (3) the process of decision-making
regarding product localization and standardization

This PhD thesis describes the development of a failure prioritization model that models the User
Perceived Failure Severity (UPFS). The UPFS is presumably influenced by a number of failure
characteristics and user characteristics.

User Perceived Failure Severity is presumably influenced by a number of failure characteristics
and user characteristics. The research described in this thesis focused on one of these failure
characteristics: Function Importance.

This paper addressed a gap in current design methodologies which inadequately support
accounting for contextual information. The paper describes the development of a contextual
needs assessment methodology to assist the designer in discovering and documenting the
"how," "where," and "who" factors of the context framework.

This master thesis proposes a failure prioritisation model that takes a consumer perspective
towards product reliability.

This thesis presents a research aimed at developing a design procedure for product synthesis
which considers the interaction between user and product because the demands on users' ability
to understand the product increase.

The aim of this research work is to develop dynamic design methods for user-product
interactions, which should support synthesis activities in early product development phases.

Usability evaluation is now considered an essential procedure in consumer product development.
This study therefore suggested a new methodology of usability evaluation through a simple,
structured framework.

This paper predicts customer perceived software quality as measured by various service
interactions, including software defect reports, requests for assistance, and field technician
dispatches.

This books discusses the problems companies face in diffusing their innovations.

This paper introduced a conceptual model of ConSumer innovation adoption based on knowledge
and compatibility to help researchers and practitioners successfully identify potential adopters of
an innovation.

This paper described the NFF phenomenon and highlighted possible improvements for the
prevention of causes of NFF and the reduction of its consequences.

This proposed a framework for managing context. This is important because the nature of the
context changes when multiple users interact with a system, engaging in multiple tasks in
multiple environments. This framework defined such a system as having multiple contexts, each
associated with a particular combination of users and use of the system.

This thesis described a framework to prevent non-technical failures in highly innovative
consumer products.
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APPENDIX G: NO FAULT FOUND

Different scholars have concluded that service centres experience more and more problems to find a
clear fault in a significant percentage of the products that are returned (Beniaminy, 2002; Brombacher
et aL, 2005; Soderholm, 2007). Products in which service centres could not detect a fault are labelled
as No Fault Found (NFF). NFF can be caused by different situations such as:

• Fault not found: service centres did not detect the actual fault because, for example, the fault
is intermittent and/or is only visible under certain conditions that were or could not be
reproduced at the service centre (Beniaminy et aL, 2002; Nederpelt, 2006; Soderholm,
2007).

• Fault misattributed: the product acted in conjunction with other products and a fault in one
of the other products was mistakenly attributed to the product (Nederpelt, 2006).

• Fault misperceived: a consumer perceived a fault in the product while there was none
because of his/her incomplete understanding/interpretation of the product. Since these
faults are consumer specific, the fault cannot be reproduced at the service centre (Nederpelt,
2006).

Additional problems service centres in, for example aerospace, have to deal with are the large amount
of data that has to be analyzed, the high product complexity, interdependent technologies, and
imperfect transfer of knowledge (Beniaminy et aL, 2002). These problems increase the likelihood of
labelling a returned product as NFF and also playa role in analyzing, solving, and preventing
consumer dissatisfaction about CE products. NFF is closely related to non-technical failures; a product
with a non-technical failure functions according to its technical specifications and service centres can
therefore also not find a fault in the product. Misperceived and misattributed faults thus (often) are
non-technical failures.

Research attention has been paid to failure prevention including NFF in a domain like aerospace
because product failures can have catastrophic consequences in such a domain. Although aerospace
significantly differs from CE\ it was expected that literature related to NFF could contribute to the
research because of the similarities between the NFF and non-technical failure phenomena. Literature
study pointed out that research on NFF (mostly) focussed on technical failures (class 3 and 4 failures
according to the roller coaster curve as described in appendix D) and continuous monitoring and
collecting of operational data such as data bus inputs, stress, built-in-test failure data, environmental
data, and operation decisions (e.g. James et aL, 2003; Soderholm, 2007). Non-technical failures were
not taken into account. A logical explanation for this is that the consequences of technical failures
have a far greater impact than the consequences of non-technical failures.

1 The aerospace domain is far more conservative concerning the use of new technologies but not concerning the use of
elaborate (failure) classification and prioritization procedures. In the CE domain, PLCs are much shorter and consumer
product interactions are much more difficult to predict in the CEo
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APPENDIX H: FILTERING HELPDESK DATA

The available helpdesk data contained a great number of categories with information. Not all
categories were useful and interesting from the perspective of this research or contained information.
Table H1 gives an overview of the categories and explains if and why they were included in the
helpdesk dataset of the case study.

After filtering out the instances that did not belong to the product under study, 618 instances
remained. 51 Cases of which the information in the category 'Free_text', that should describe the
reason for contacting the helpdesk, started with "Dear customer care representative". They were
filtered out because they did not contain any useful information. An example of the complete free text
of such an instance is:

Dear customer care representative, A customer has sent a question via the Internet
with the following details: Customer information --------------------.---.. First name
Thomas Lastname : Knuesel Organization : - Address : 5

Next, 28 cases that were in a language other than English were excluded. Finally, after the filtering of
the information, 533 out of the 618 instances were included in the dataset that was used for the
assessment.

Table Hi - Categories ofinformation in raw helpdesk data

Category title Explanation Information included? Why (not)?

Consumer_country Country from which the consumer contacted the helpdesk. Yes, country can give an idea about, for
The available information contained data from helpdesks example, cultural background or physical
in different countries. ambient conditions.

Product_groupjd All instances contained the value "CP_MM Link-PCE".

Produccgroup_de All instances contained the value "CP_MM Link".

No, all instances contained the same value
that was for this research.

No, all instances contained the same value
that was for this research.

CTN_producCcode The product code of the concerning product. This column No, this information was only used to select
was used to select all the instances related to the product the instances concerning product 3 from the
under raw data.

SR_resolution

ContacCMethod
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The type of service request (SR). For the product under
study, two different values were present in this column:
"Helpdesk-PCD" (603 of 618 instances) and "Presales
PCE" (15 of 618 instances).

The reason for contacting the helpdesk; helpdesk
employees code a call in one of the predetermined

Indicates whether the problem was solved on the
or not to the

Indicates how the helpdesk was contacted (via telephone,
email, etc.).

The information that was recorded by the helpdesk
employee during the telephone call or from the email sent
by the consumer. This should describe the reason for
contacting the helpdesk.

Who contacted the helpdesk? In our data, helpdesk was
contacted by dealers (6 times), End users (593 times), and
IT/Service companies (3 times). No type was filled in for
16 instances.

No, 98% of the instances were classified in
the same category. In addition, an
examination of the classification gave strong
feelings that this classification was not error
free.

Yes, contained useful information in the
context of this research.

Yes, PDDs are interested in whether the
solution solved the

No, perceived not relevant for the research in
this stage.

Yes, was expected to contain a lot of useful
information.

No, only instances that contained the value
"End user" were included in the dataset that
was used for the assessment
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Category title Explanation Information included? Why (not)?

RMA_Nr

Warranty

Helptype

Service_Provider

Devicel

Brandl

Pcodejdl

Rcode_idl

Modelnr

Contacts_Group

These categories contained no information.

All instances contained the value "Home Entertainment"
in this column.

No, there was no information in these
categories.

No, all instances contained the same value
that was meaningless for this research.
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APPENDIX I: INTERNET DATA COLLECTION

Internet data was not available in a ready to use format but had to be captured from internet user
forums that were found via the manufacturer's website. A database with internet data was created by
copying the data from the user forum to a spreadsheet via a spider program (product 1 and 3) and
manually (product 4). Automated ways to capture data on the internet, such as spider programs, are
strongly preferred because they reduce the probability of making errors (if used correctly) and
introducing error in the data.

The user forum consists of multiple topics or 'threads'. A thread starts with its original post and can
have zero or more belonging follow-ups or replies. The date on which a thread was created was taken
into account when selecting the threads to include in the case study, because this date bests
represents the moment at which the poster felt the need to contact the user forum. In his case study,
Finch (1999) collected internet data for a period of one year. Also using the one-year period of data
collection resulted in a too large volume of posts to be assessed (for some products) due to time
restrictions. The collection period was therefore reduced to get datasets that could be assessed within
time but still contained a sufficient amount of data to get statistically valid results (see Table 11).

Table /1 - Volume ofinternet data used for case study

Product Market introduction Period of data collection Number of threads Number of posts

1

2

3

April 2005

End of January 2005

Beginning of 2006

September - November 2005

February 2005 - December 2005

December 2006 - October 2007

55

43

43

326

366

312

All posts in the threads that were included in the case study were copied to the database. Each post
was a separate instance in the database and contained:

• the topic of the thread;
• the available information about the poster such as nickname, location, date of joining the

forum, number of posts done on the forum, a classification of the poster based on the
number of posts;

• the date and time of the post;

• the text entered by the poster;

• an indication whether the post was a response to a previous post or the first post in a thread
(original post); this could provide a sense of motivation for the message according to Finch
(1999).

On user forums, one can often also find the number of times a thread has been viewed. Comparing the
number of views of the threads could be used to prioritize the topics discussed in the threads.
However, this is dangerous because:

• the 'number of views' does not tell us whether the thread actually was useful for the reader.
• the number of views can be biased because of people accidentally clicking the wrong thread,

or reading the same thread multiple times.

It was therefore decided not to include this information in the database.
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APPENDIX J: TEST DATA COLLECTION

/1. 'Out-of-the-box' test data ofproduct 1
The 'Out-of-the-box' test data of product 1 consisted of a management presentation in the form of a
PowerPoint-file. This file contained the research objectives, research methodology, conclusion &

recommendations, observations, and the results of an exit questionnaire. The observations and the
results of the questionnaire were most relevant because they contained information given by the
participants (see Figure 11), while the conclusions and recommendations represented the results of
the interpretation of the field feedback by the researcher.

The field feedback information present in the data had to be presented to the raters in a structured
way to prevent problems with the interpretation of the assessment results. Therefore, the information
related to consumer dissatisfaction present in the PowerPoint-file was copied to a spreadsheet. This
step could have introduced some bias in the data because one person determined if and in which
format a piece of information was included in the spreadsheet. It was assumed that the amount of
bias was acceptable because information was copied word-for-word if possible. However,
improvements to the data collection process at this point are possible (see chapter 7 of the report).

Figure 11 shows a slide of the PowerPoint-file with test observations. These test observations were
represented as text in the spreadsheet in the following way:

Negative observation dUring test: IIPrefer a more solid base as plastic is flimsy and
cheap lookingll

The severity was rated as Minor on a scale consisting of: minor dissatisfaction, medium
dissatisfaction, major dissatisfaction, and major dissatisfaction & potential FeR.

10 - 25% ofthe participants faced this issue.

Difficult to lift product •• •• Grips have to be clearly marked on
packaging. A hand strap may be
handy

2 Wall mounting options, especially for • ••
station

3 Prefer a more solid base as plastic is • • Permanently attached base made of
flimsy and cheap looking solid material e.g metal

Legend SEVERITY

•••• MaiO{ dl....I.f.ctlon & Dotentl.1 FCR... MaiO{ dl....I.f.ctlon.. Medluln dl......f.ctlon

• Minor dissatisfaction

Legend OCCURANCE

•••• More th.n 75% of the DartlclDonls f.ced this Is.ue... 50 .75% p.rtlclp.nls faced thl. ".ue

•• 25 .50% partlclp.nts faced thl. ".ue

• 10 .25'10 Dortlci••nls faced thl. ".ue

Figure /1 - Screenshotofa PowerPoint-slide containing test information
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Figure)2 shows a slide of the PowerPoint-fiIe with some results of the exit questionnaire. The items for
which the participant filled in a score below the middle value of 3 were included in the spreadsheet,
assuming that this represented consumer dissatisfaction. Such an item was represented as text in the
spreadsheet in the following way:

Questionnaire item: ''Ease ofidentifyingitems during unpacking".

The participant rated this with a 2 on a scale of1 to 5 where 5 is the highest.

Out-G-Box EX rience

til ,ki & :Manual
1. What do ou think of the

2. Ease ofremoving items

3. Ease ofident" inl>" items

1
36-40,

Ave. Male

3.50

4.33

3.83

Figure /2 - Screenshot ofa PowerPoint·file containing results ofthe exit questionnaire

/2. tHigh Contrast Consumer Test' data ofproduct 4
The 'High Contrast Consumer Test' data of product 4 consisted of:

• intake and exit questionnaires of the test participants (Word-documents).

• video files of parts of the test with every participant.

• a PowerPoint-fiIe that contained the research objectives, research methodology, conclusions
& recommendations, and observations.

The intake questionnaires provided a lot of detailed information about the participants. This
information was copied to the spreadsheet. The exit questionnaire captured the participant's
perception of the 'Out-of-the-box experience', the installation process, the ironing process, and the

storing of the iron. The field feedback information present in the questionnaires had to be presented
to the raters in a structured way to prevent problems with the interpretation of the assessment results.

Therefore, the information related to consumer dissatisfaction present in questionnaires was copied
to a spreadsheet. Note that this step could have introduced some bias in the data because one person
determined if and in which format a piece of information was included in the spreadsheet. It was

assumed that the amount of bias was acceptable because information was copied word-for-word if

possible. However, improvements to the data collection process at this point are possible.

Figure )3 shows a participant's response to a questionnaire item. Such an item was represented as

text in the spreadsheet in the following way:

"How wouldyou evaluate the ease ofadjusting the temperature?

Answer: Difficult

my hand always unwillingly/uncontiously/accidentally press the "+" button when
ironing"

Page 92 /faculty of technology management



TU/e
Technische Universiteit
Eindhoven
University ofTechnology Appendix)

6. How would you evaluate the ease of adjusting the temperature?

Very easy
Easy
Neither
Difficult
Very Difficult

Figure /3 - Participant's response to a questionnaire item

One person looked through the video-files to find points of dissatisfaction additional to the ones
included in the exit questionnaires. This, however, did not result in new points of dissatisfaction that
could be included in the spreadsheet. Note that this, again, is a manual data collection process that
could possibly introduce some bias and subjectivity in the data. The PowerPoint-fiIe did not contain
additional field feedback information and data was not captured from it.
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APPENDIX K: CODING TOOL

The coding tool consisted of one screen with four columns (see Figure Kl). The left column contained
the information belonging to the instance that had to be assessed. The other columns represented the
branches of the evaluation model. The appearance of the first column differed for the type of CIS
under study because the collected data differed as explained in section K2. The coding tools for
helpdesk and test data strongly resembled each other but the coding tool for internet data differed as
is discussed in section K2.

SinQapore

Ustento CDs
Radio stations
MiVjChannel V

1

39

Male

Married (4 kids)

Britain

EUR
Practice leader

E>:8cutive search

>$12k

Pertldpllnt number:

Age:

Gender:
Marltlal status:

Country of orlllln:
NGtionallty:
Designation:
Industry;
Monthly household:
LoCilitlon of use:
Music source

Questionnaire item: "Ease of identifying items
unpacking",
The participant rated this with a 2 on a scale of 1 to 5
where 5 is the highest.

Figure Kl - Screen shot ofthe coding tool for test data ofproduct 1 with arbitrary test data

Kl. General explanation
The raters had to read the information in the first column and then assess it on every displayed
element shown in the other three columns by choosing the category with the best fit. The raters were
pointed to the fact that they had to start their assessment of each instance by assessing the
'Purpose'. Based on the chosen category for this element, certain elements need not be assessed
because not all combinations of elements are meaningful. If, for example, the purpose of an instance
is assessed as 'Information request' then an assessment of the 'frequency of occurrence' of the failure
is meaningless because no failure is reported. Table Kl gives an overview of the elements that need
not be assessed for every purpose.
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Table Kl - Elements that neednotbe assessed for every instance

Appendix K

Element Needs to be assessed if 'Purpose' is assessed as:

Nature

Tone

Solution status

Frequency of occurrence

Executed actions

Consumer's expectations

Perceived severity

'Complain about product/service', 'Request help for solving a problem', Give

evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem', Give

evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem'

'Complain about product/service', 'Request help for solving a problem', Give
evaluation/suggestion'

'Complain about product/service', 'Request help for solving a problem', Give
evaluation/suggestion'

If all elements were assessed for the instance under study, the rater could continue with the next
instance by clicking on the 'Next' button at the bottom right of the screen of fFigure K1. If one had
forgotten to assess a certain element, a reminder appeared and one had to assess the concerning
element before one could continue (see Figure K2). This thus prevented that not all elements were
assessed. If the rater wanted to go back to a previously assessed topic, the 'Previous' button at the
bottom right of the screen could be pressed and the previous instance including the results of the
assessment was shown. For the helpdesk data, a 'Discard' button was also present; the rater had to
click this button for instances that were in a language other than English or instances that did not
contain any information. Most of these instances had been removed from the data by pre-processing
the data (see APPENDIX H:). However, it could be that some instances have slipped through the
filtering process.

Figure K2 - Remainder that appears ifone has forgotten to assess the location in the consumerprocess

If one placed the mouse pointer on top of an element or category, an explanation and examples of the
category/element appeared (see Figure K3). This were the explanations/examples as discussed in
chapter 5. This helped the raters in making a more consistent assessment.

Figure K3 - Tooltip

The coding tool gave a default suggestion for the assessment of a number of elements to reduce the
amount of work for the raters. This was possible because certain information was lacking most of the
time in certain CIS. The default values were based on the impressions acquired during the first data
assessment and differed for the type of CIS under study (see table K2). The raters were clearly pointed
to the fact that they had to check for every instance whether the default assigned value matched with
the information present in that particular instance. If the information in the instance pointed out that
the default value of a certain element was not correct for that instance, the assessment of that
element had to be changed.
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K2. Additional explanation for coding tool for internet data
As said, the left column contained the information belonging to the instance that was assessed. The
appearance of this column differed for the type of CIS under study. The coding tools for helpdesk and
test data strongly resembled each other but the coding tool for internet data differed (see Figure K4).

Geachte, am op uw vragen te antwoorden: >
het nog nooit gewerkt 1 Nee, de op de website
aangemaakte favQrieten zijn nag nooit zichtbaar
geweest op de SLA5520, > Bent u begonnen met het
1geven van uw email adres op de 51a5520 en heeft > u

PARTICIPANT
Participant number: 1 Instance: 1
Age: 36-45

Gender: Male

Family: Young children (0-12)

Educ.atlon: University (technical)

Profession: Work on university

Profession related to technoloQY?
yes, definitely. Next to computers, J am busy with sal/eral
technical oriented topics.

Affection with technology?
Yes, definitely. I am crazy about the latest Qadgets. If it is
possible, I'll buy them immediately

Use of devices with LCD screens:
Yes (mobile phone, digital camera, POA)

Use of mobile phone:
Make calls and a few other functions (e.g. sms, alarm, etc,)

Participated In consumer test In last 12 months? yes
Read Instruction manual of Iron? No

Philips

Neutral
tap water

Hardness of water: unknown
Use calc rinsing function:

Why Is calc rinsing function not used?
?

Figure K4 - First columns ofcoding tool for internet data, helpdesk data, and test data ofproduct 4

One thread of internet data consisted of the original post and zero or more replies to this post. The
unit of assessment was the complete thread. The first column of the coding tool for internet data
displayed the number of the thread, the number of replies belonging to the thread, and whether the
current displayed message was a reply or the original post (see Figure KS). One could browse through
the replies with the arrows below the message field. One could only continue to the next thread if all
replies belonging to the current thread were read and all elements were filled in.

In the ideal situation, each thread was about one specific topic and had one specific purpose, such as
complaining about a certain product/service or requesting help for solving a specific problem.
Normally speaking, the topic and purpose could be derived from the original post of a thread. It was
thus decided to focus on the original post for assessing the purpose of the thread. The assessment of
the other elements was based on the complete thread. For the assessment of the information
elements related to the consumer, grouped together in the fourth column, one had to focus on the
original poster only. A reply made by the poster of the original post (hereafter 'original poster') could
contain additional information that was import to take into account during the assessment of the
thread. To help the raters during the assessment, the background color of the 'poster' field colored
green for replies made by the original poster of that thread (see Figure KS).

/faculty of technology management Page 97



Appendix K TU/e Technische Universiteit
Eindhoven
University ofTechnology

Number of current thread Number of replies for current thread

Type of current message (original post or
reply) and number of the reply (if the message
is a reply)
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Figure K5 - First column ofthe coding tool for internet data
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APPENDIX L: RELIABILITY ANALYSIS

IRR is a measure of the level of agreement between two or more raters on a particular instrument at a

particular time. IRR can be influenced by:

• consensus between the raters; the assumption underlying consensus estimates of IRR is that

raters "should be able to come to exact agreement about how to apply the various levels of a
scoring rubric" (Stemler, 2004, pp. 1). If consensus estimates are acceptable, the raters

share a common interpretation of the construct.

• consistencywithin the raters; these estimates give an indication of a rater's consistency in

coding an instance according to his/her own definition of the categories.

Lt. Consensus estimates
Raw agreements
The first calculated consensus estimates were the raw agreements (proportion of cases for which the
raters agree), because they are important descriptive statistics with common-sense value (Uebersax,

2002). The following formulas for raw agreement are adapted from (Uebersax, 2002) and can be

applied to dichotomous, ordered category, or nominal data and permit any number of raters.

Let there be K rated cases indexed by k =1, ..., K and let there be j categories indexed by j =1,

... , C.

Let nik denote the number of times category j is applied to case k. For example, if a case k is

rated five times and receives ratings of 1, 1, 1, 2, and 2, then nlk =3 and n2k =2.

Let nk denote the total number of ratings made on case k:
c

nk =Lnjk .
j=l

For case k, the number of actual agreements on rating level j is:

njk (n jk - 1).

The total number of agreements specifically on rating level j, across all cases is:
K

Sj = L [n jk (n jk - 1)].
k=l

The number of possible agreements specifically on category j for case k is equal to:

njk(nk-1)
and the number of possible agreements on category j across all cases is:

K

S passU) = L [n jk (nk-1)].
k=l

The proportion of agreement specific to category j is equal to the total number of agreements on
category j divided by the total number of opportunities for agreement on category j, or:

_ Sj
PsU) -

SpassU)

The total number of actual agreements, regardless of category, is equal to the sum of

agreements specifically on category j across all categories, or:
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The total number of possible agreements is:
K

oposs = LJnk (nk -1)].
k=l

Finally, the overall proportion of observed agreement then is:

o
Po =--.

oposs

rUle Technische Universiteit
Eindhoven
University ofTechnology

Raw agreements above 70% were judged acceptable (Stemler, 2004).

Cohen's kappa and the PABAK

Analyzing raw agreements alone was not sufficient as the raw agreements do not take into account

whether raters agreed more than chance alone would predict while "only agreement beyond that
expected by chance can be considered 'true' agreement" (Sim & Wright, 2005, pp.258). To take this
chance agreement into account, another statistic was calculated. In the ideal situation, one statistic

could be calculated for every element in the model and every CIS to prevent problems with comparing
different elements with each other. However, there is no agreement in literature about the statistic

that is suitable for the data in this research: nominal, ordinal, and dichotomous variables assessed by
four raters with strong prevalence2 for most elements. According to scholars like Sim & Wright (2005)

and Gwet (2001), the Cohen's kappa statistic (hereafter K:) is frequently used to calculate IRR among
rater pairs. But scholars like Uebersax (2002) argue to use other statistics such as the intraclass

correlation because:

• K: is difficult to interpret and compare across different settings.
• K: is influenced by prevalence and bias3

; when there is large prevalence in the data, K: will be
lower than when there is low prevalence in the data. This effect is greater for large values of

K:. Bias has the opposite effect; when there is large bias in the data, K: will be higher than

when there is low bias in the data. This effect is just greater for small values of K:. Sim &

Wright (2005) therefore proposed to calculate the 'prevalence and bias adjusted kappa'
(hereafter: PABAK).

• K: has to be adjusted for ordinal data as not all disagreements are equally serious.

Because it is often used in scientific research and can be used for dichotomous, nominal, and ordinal
data, the PABAK was used to assess the consensus between the different raterpairs on all elements of

the evaluation model, despite the critics on the use it4
• However, it is suggested to apply further

methodological research on the choice of the statistic to use in case studies like to one described in

this report.

2 the tendency of raters towards one category

3 the proportion of disagreement among the raters
4 In this research towards the applicability of the model, it was decided that all disagreements are equally serious and the

PABAK was therefore not adjusted for the degree of dissatisfaction.
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According to Sim & Wright (2005), K is:

observed agreement - chance agreement Po - Pc
K= =-.:.::---.::....

1- chance agreement 1- Pc

where

P =(a+d)
o n

and

(Jl xg1 ) + (J2 xg 2 )

Pc =_-..:...:n ---:n"'--_
n

According to Sim & Wright (2005), the prevalence index is:

la-dl
prevalence index =--,

n

and the bias index is:

Ib-cl
bias index =-- .

n

The letters in the formulas above refer to the cells in the matrix ofTable Ll.

Table 11 - Example data foradjusting K (adapted from Sim & Wright, 2005)

A B

Rater 2

Cat.2 2 17 19

Total 20 19 39

Cat.1 Cat.2 h"otal

20218Cat.1Rater 1

Rater 2

Cat.1 Cat.2 otal

a b gl
Rater 1 Cat.1 32 1 33

c d g2
Cat.2 3 3 6

f1 f2 n
Total 35 4 39

Although the number of agreed and disagreed cases is equal for both Table LA and B, K differs due to

prevalence and bias as can be seen in Table. To adjust K for high prevalence, the values in cells aand
dmust be replaced by the average value of both. And to adjust K for bias, the values in cells band c
must be replaced by the mean value of both. This will then results in the PABAK as can be seen in

Table. Another advantage of using PABAK instead of K is that PABAK can be calculated for elements

with perfect agreement and K cannot.

Table L2 - K, prevalence index, bias index, and PABAKcalculated for Table l1A and B

Table llA Table llB

Kappa 0.54 0.79

Prevalence index 0.74 0.02

Bias index 0.05 0.00

PABAK 0.79 0.79
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Literature only reports the formulas for adjusting K for a 2x2 matrix (Sim & Wright, 2005; Byrt et aI.,

1993). However, the case study data also includes larger matrixes. To calculate K for these matrixes,
the existing formulas are extrapolated. For a 2x2 matrix, cells a and d represent the agreement and
cells band c represent the disagreement (see table L3A). To calculate PABAK, the values in the green
cells are replaced by their average value as are the values in the red cells. For a 3x3 matrix, cells a, e,
and irepresent the agreement and cells b, c, d, f, g, and h represent the disagreement (see table L3B).
Because it was decided that all disagreements are equally serious, PABAK was calculated for a 3x3

matrix by replacing the values in the green cells by their average value as well as replacing the values
in the red cells by their average value. The same extrapolation can be repeated for a 4x4 matrix and so

on. Note that the formulas to calculate the separate prevalence and bias indices are not extrapolated.

Table L3 - Extrapolation ofPABAKfor a 3x3 matrix

A

Rater 1 Cat.1

Cat,2

Total

Rater 2

B

Rater 1 Cat,l

Cat,2

Cat,3

Total

Rater 2

The PABAK can vary between -1 and +1. A value of +1 indicates that the raters agreed on every case.

Zero indicates that the agreement among the raters was no better than the agreement that could be
expected by chance. Negative PABAK values indicate that the agreement among the raters is worse
than that expected by chance. The PABAK, however, does not indicate whether this is caused by

random differences or systematic differences such as a different interpretation of a category. This was
found out via detailed examination of the base rates of the assessments and discussion with the

raters.

Scholars agree that the interpretation of kappa and PABAK depends on the circumstances in which it

is used. Comparing PABAK across different circumstances thus is problematic (Uebersax, 2002).
However, the rules of thumb as presented in table L4 are often used in scientific research; the PABAK
values calculated for the case study in this research were also interpreted according to table L4.

Table L4 - Interpretation ofPABAK(Landis & Koch, 1977)

PABAK Strength of Agreement

<0.00

0.00 - 0.20

0.21- 0.40

0.41- 0.60

0.61- 0.80

0.81-1.00

Poor

Slight

Fair

Moderate

Substantial

Almost Perfect

£2. Consistency estimates
Finally, rater's consistency on the assessment of every element was analyzed by again calculating raw
agreements. Correlation coefficients were not suitable in this situation as they are highly sensitive to
prevalence in the data; if prevalence is high than the correlation coefficient will be deflated due to
limited variability in the data (Stemler, 2004. In addition, the PABAK was not suitable in this situation

as the number of included instances for the consistency calculations were insufficient to obtain

sufficient power (Flack et aI., 1988).
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APPENDIX M: ANALYSIS OF DIFFERENCES BETWEEN
CIS

A Kruskal-Wallis test test was used to examine the null-hypothesis that the probability distributions

of the observations for three different CIS are equal. This statistic was calculated as follows:

where kdenotes the group, Kthe total number of groups, Nthe total sample size, nthe group's
sample size, and Rankkthe sum of ranks for each group. This statistic is chi-square distributed with (I<
1) degrees of freedom.

If the Kruskal-Wallis test indicated a significant difference, between the three CIS, then this difference
was examined in more detail with a Wilcoxon rank-sum test. A Wilcoxon rank-sum test was used to
examine the null-hypothesis that the probability distributions of the observations for two different CIS
are equal. Because of the large sample sizes, the significance of this statistic could be evaluated by
transforming it into a z-score and then assessing the p-value. This p-value, however, was first
adjusted to prevent a Type 1 error, finding a difference where in fact is none, by applying the

Bonferroni correction:

d
· d 1 unadjusted p - valuea 'Juste p - va ue = --'-----''-----

n

where n is the number of simultaneous tests. The difference between the different CIS was evaluated
as significant for adjusted p-values :s; 0.05. If the Mann-Whitney Utest indicated a significant
difference, then the size of this effect was evaluated by calculating Pearson's correlation coefficient:

z-score
r=--==--

-IN
where Nis the number of cases. Pearson's r was interpreted according to table M1.

Table MI-Interpretation ofcorrelation coefficient (adapted from Hopkins, 2002)

Correlation coefficient Effect

/faculty of technology management

0-0,09

0,10 - 0,29

0,30 - 0,49

0,50 ·1

insubstantial

small

medium

large
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Table N4 - Consistency estimates for the elements belonging to the 'Business aspects'

Appendix N

jfaculty of technology management

100% 96% 100% 96%

71% 65% 79% 68%

83% 23 74% 23 78% 23 70%

91% 23 87% 23 87% 23 83%

91% 23 91% 23 83% 23 61%

91% 23 87% 23 96% 23 83%

100% 17 94% 19 100% 19 100%

100% 17 100% 19 84% 18 89%

72% 25 64% 25 76% 25 64%

96% 25 76% 25 88% 25 84%

44% 10 50% 7 43% 12 50%

64% 25 64% 25 72% 25 80%

72% 25 76% 25 76% 25 60%

80% 25 76% 25 68% 25 56%

72% 25 80% 25 76% 25 92%

78% 10 70% 7 43% 12 92%

71% 8 75% 5 100% 10 80%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

76% 25 76% 25 92% 25 80%

92% 25 96% 25 100% 25 100%

84% 25 88% 25 92% 25 92%

80% 25 96% 25 92% 25 96%

100% 25 96% 25 100% 25 100%

92% 25 84% 25 72% 25 80%

# 0 # 0 # 0 #
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Table N5 - Consistency estimates for the elements belonging to the 'Context ofoccurrence'

100% 100% 91% 100%

96% 96% 96% 91%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

47% 17 59% 19 100% 18 39%

88% 17 88% 19 100% 18 89%

40% 25 40% 25 48% 25 48%

100% 25 100% 25 100% 25 96%

76% 25 80% 25 76% 25 76%

76% 25 80% 25 84% 25 76%

100% 25 100% 25 100% 25 92%

84% 25 80% 25 100% 25 92%

43% 8 38% 7 100% 10 70%

100% 8 63% 7 86% 10 60%

100% 25 72% 25 100% 25 72%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 92%

100% 25 100% 25 100% 25 100%

# 0 # 0 # 0 #

# 0 # 0 # 0 #
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Table N6 - Consistency estimates for the elements belonging to the branch 'Consumer'

100% 23 100% 23 100% 23 100%

91% 23 100% 23 100% 23 96%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

100% 23 100% 23 100% 23 100%

88% 17 100% 19 100% 19 100%

100% 17 100% 19 100% 19 100%

100% 25 100% 25 100% 25 100%

88% 25 80% 25 100% 25 96%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

96% 25 100% 25 100% 25 100%

100% 25 100% 25 96% 25 100%

96% 25 92% 25 96% 25 100%

68% 24 96% 25 100% 25 100%

44% 9 67% 9 89% 12 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 100% 25 100%

100% 25 100% 25 96% 25 100%

96% 25 100% 25 100% 25 100%

96% 25 100% 25 100% 25 100%

84% 25 88% 25 80% 25 96%

76% 25 100% 25 100% 25 100%
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Nt. Detailed examination ofconsensus and consistency estimates
This section will discuss the detailed examination of the consensus and consistency estimates that
led to the exclusion of the assessment results of certain raters for certain elements and CIS. This
discussion is based on the consensus and consistency estimates of table N1 to N6 and figure N1 to
N3.

Business aspects
Both consensus and consistency estimates were acceptable for the element 'purpose'. Raw
agreements for the element 'More than 1 purpose' were acceptable across all CIS. The PABAK values
for internet data, however, indicate that the consensus between rater 2 and the other raters was less
than for the other raters mutually. Rater 2 explained that he was very strict in assessing whether there
was another purpose; instances with multiple questions about somewhat related topics were clearly
assessed differently by rater 2.

Not all raw agreements for the element 'Focus' were acceptable. In addition, the PABAK values
between rater 4 and the other raters show slight or moderate agreement for different categories
belonging across all different CIS. Rater 4 explained that when he doubted between two categories,
he often chose both categories instead of the category 'Other/unclear' as was intended. The other
raters followed the assessment manual on this point and their mutual agreements were moderate or
better for almost all categories across all CIS. Only some consistency estimates for this element are
not acceptable (6 out of 48 with values between 56 and 68%), indicating that excluding rater 4 could
improve raw agreements.

Raw agreement on internet data for the element 'Tone' is 64%. The corresponding PABAK between
rater 3 and the other raters was fair while the other raters had substantial mutual agreement (~0.62).

In addition, the corresponding consistency estimate for rater 3 is unacceptable (43%) in contrast to
those of the other raters (70 to 92%). Thus excluding rater 3 here could increase the overall raw
agreement.

Although raw agreement for the element 'Solution status' was acceptable for helpdesk data (75%),
PABAK was fair for rater pairs 1&3 and 1&4. Raters 3 and 4 explained that they both had strong
doubts about the believability of the 'service request resolution' information as filled in by the
helpdesk employees. They therefore chose to believe this information only when it joined the text
entered by the helpdesk employees. Raters 1 and 2 doubted less about the believability of the 'service
request information'. As a result, agreements between rater pairs 1&2 and 3&4 was substantial (0.73
and 0.74) and agreements between the other rater pairs was considerably lower for helpdesk data.
Consistency estimates were acceptable for all raters across the different CIS.
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c:o III
III c:
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VI "+:i
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within the product itself

Other/unclear

Nature
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Solution status
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Figure Nl - Rawagreements for the branch 'Business aspects'
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Context of occurrence
Consensus and consistency estimates for the elements 'Connected peripheral product', 'Information
about location of use', and 'Information about ambient conditions' were acceptable.

Raw agreements are unacceptable for all CIS on the element 'Location in consumer process' (values
between 45 and 54%) and PABAK values are not very clear at first sight. Detailed examination turned
out that the low consensus was mainly caused by different interpretations of the categories as is
clearly visible in the test data. Raters 1 & 3 looked at information concerning the frequency of use to
distinguish between the categories 'out of the box' and 'extended use' while raters 2 & 4 took into
account the area of dissatisfaction as intended. Rater 1 & 3 therefore coded 100% of the test data in
the category 'out of the box' because this data was collected from consumers who used the product
for the first time (PABAK is 0.99). But raters 2 & 4 coded instances in the test data into the category
'extended use' if the information revealed that they were about usability issues (PABAK is 0.71). All
consistency estimates belonging to this element for the test data are acceptable (72 to 100%).
Because rater 1 & 3 did not follow the definition of this element and both, they were excluded to
increase the raw agreement as this resulted in acceptable consensus and consistency.

While raw agreement for the assessment of test data on the element 'Comparison with other product'
was acceptable, the PABAK values indicate that rater 2 had poor agreement with all other raters (-0.13
to -0.19) and all other raters had almost perfect agreement with each other (0.94 to 1). This indicated
a lack of consensus about the categories belonging to this element and detailed analysis turned out
that this was caused by the test data of product 4. Most instances in this dataset contained
information about the ironing system that was owned by the participant. However, the actual
suggestion/evaluation as made by the participant almost never contained information that pointed
towards an actual comparison with the participant's own iron. Rater 2 therefore coded 84% of the
instances in the category 'No comparison or brand/type not known' while rater 1,3, and 4 did so for 0,
4, and 0% respectively. The other raters assumed that a comparison was made, even though the
information present in the instance did not clearly point this out. Although the raw agreement for this
element is acceptable (70%), it could be increased by excluding rater 2 here.

The raw agreement for the element 'Executed actions' is acceptable for helpdesk data (75%), but the
corresponding PABAK values indicate that rater 1 had fair agreement with the other raters while they
had moderate, substantial, or almost perfect mutual agreement. Detailed data analysis turned out
that rater 1 not solely focussed on the actions and responses of the user and/or system that led to the
dissatisfaction. He also coded an instance in the category 'yes' if the instance only contained
information about the actions executed by the helpdesk employee to resolve the dissatisfaction.
These actions, however, did not belong to the definition of this element. The corresponding
consistency estimates all were acceptable (> 88%) and excluding rater 1 could be excluded to increase
the raw agreement.

The raw agreement for the element 'Executed actions' is slightly unacceptable for internet data (59%).
The PABAK values indicate that rater 3 had poor agreement with the other raters for internet data
while they had moderater or substantial mutual agreement. Rater 3 indicated that he only coded an
instance in the 'yes' category as he was extremely confident that (almost) all executed actions and
responses of the system were mentioned. He acknowledged that he perhaps had been too strict on
this, resulting in the fact that he coded 80% of the internet data into the category 'No' where other
raters had clearly lower percentages (6%, 20%, and 30%). The consistency estimate for rater 3 here is
acceptable (86%) and excluding rater 3 here could thus increase the overall raw agreement.
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Figure N2 - Raw agreements for the branch 'Context ofoccurrence'

Consumer
Consensus and consistency estimates for all elements belonging to the demographics and the
element 'frequency of use of product' were acceptable.

Raw agreement of the assessment of the element 'Consumer's expertise' was just unacceptable for
test data (68%). The PABAK values indicate that rater 1 had slight agreement (0.04 to 0.05) with all
other raters on this element while the other raters had almost perfect mutual agreement (0.99 to 1).
Consistency estimates were acceptable for all raters (0.96 to 1). Detailed examination of the data
turned out that this difference was caused by the test data of product 4. Most instances in this dataset
contained information about the participant's experience. These instances were scored differently by
rater 1. The element 'consumer's expertise' refered to the knowledge level of a consumer and not to
his/her experience. It was concluded that rater 1 confused experience with expertise and therefore
had slight agreement with the other raters who did stick to the definition of the element. Excluding
rater 1 here could thus increase the overall raw agreement.

Raw agreements of the assessment of the element 'Consumer's expectations' were unacceptable for
internet and test data (65 and 63%). The PABAK values indicate that rater 1 had poor agreement (
0.19 to -0.33) with all other raters on this element for the internet data and poor to slight agreement (
0.08 to 0.13) with all other raters for test data. Because the consistency estimates of all raters for
both internet and test data were (almost) acceptable (68 to 100%), it was concluded that rater 1 did
have a different understanding of the categories belonging to this element as compared to the other
raters. Detailed examination of the data did not result in an explanation for this. But excluding rater 1

here could thus increase the overall raw agreement.

Finally, raw agreement of the assessment of the element 'Perceived severity' for internet data is
unacceptable (62%). The PABAK values indicate fair agreement (0.29 to 0.31) between rater 1 and all
other raters while they had substantial to almost perfect mutual agreement (0.76 to 0.97). In addition,
the consistency estimate for rater 1 here is unacceptable (44%). Detailed examination of the data did
not result in an explanation for this. But excluding rater 1 here could thus increase the overall raw

agreement here.
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Figure N3 - Rawagreements for the branch 'Consumer'
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Table N7 - Number ofinstances used to determine information content

Helpdesk Internet Test

Element Absolute Relative Absolute Relative Absolute Relative

Purpose 440 94% 119 84% 209 100%

More than 1 purpose 466 100% 117 83% 209 100%

The focus is on interactions:

between product & environment 305 1 65% 77 1 55% 189 1 90%

between product & user 369 1 79% 106 1 75% 135 1 65%

within the product 396 1 85% 95 1 67% 154 1 74%

other/unclear 388 1 83% 108 1 77% 199 1 95%

Nature 165 79%

Tone 389 84% 40 1 28%

Solution status 311 67% 49 35%

Location in consumer process 158 2 76%

Comparison with other product 466 97% 137 97% 203 1 97%

Connected peripheral products 446 96% 130 92% 209 100%

Physical ambient conditions

Information about location of use 462 99% 139 99% 209 100%

Information about ambient conditions 466 100% 141 100% 209 100%

Social conditions of use 466 100% 131 93% 208 100%

Executed actions 282 1 61% 34 1 24%

Demographic / social information

Age 466 100% 141 100% 200 96%

Gender 444 95% 137 97% 209 100%

Occupation 466 100% 141 100% 181 87%

Education 466 100% 141 100% 200 96%

Family size 466 100% 141 100% 206 99%

Nationality 466 100% 141 100% 205 98%

Frequency of use of product 466 100% 141 100% 209 100%

Consumer's expertise 464 100% 140 99% 208 1 100%

Consumer's expectations 397 85% 57 1 40% 129 1 62%

Perceived severity 394 85% 49 1 35% 200 96%

1 The data of 3 raters was used for this element.
2 The data of 2 raters was used for this element.
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Figure N5 -Instances coded in the categories
belonging to the element 'more than 1 purpose'

Helpdesk Internet Test

o Complain about product/service I!IIl Request help for solving a problem

• Give evaluation/suggestion • Request information

• Other/unknown/unclear

Figure N4 -Instances coded in the categories
belongingto the element 'purpose'
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Figure N6 -Instances coded in the categories
belongingto the element 'focus on interactions

between product& environment'
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Helpdesk Internet Test
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Figure N7 -Instances coded in the categories
belonging to the 'element focus on interactions

between product & user'
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Figure N9 - Instances coded in the categories
belonging to the element 'focus on other/unclear

interactions'
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Figure N8 - Instances coded in the categories
belonging to the element 'focus on interactions within

the product itself'
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Figure Nt 0 - Instances coded in the categories
belonging to the element 'Tone'
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Figure Ntt - Instances coded in the categories
belonging to the element 'Solution status'
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Figure N12 - Instances coded in the categories belonging Figure N13 - Instances coded in the categories belonging
to the element 'Location in consumerprocess' to the element 'Comparison with otherproducts'

Figure N15 - Instances coded in the categories
belonging to the element 'Location ofuse'
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Figure N14 - Instances codedin the categories belonging
to the element 'Connectedperipheralproducts'
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Figure N16 - Instances codedin the categories
belonging to the element 'Ambient conditions'
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Figure N1? - Instances coded in the categories
belonging to the element 'Social conditions ofuse'
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Figure N18 - Instances coded in the categories
belonging to the element 'Executed actions'
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Figure N19 - Instances coded in the categories
belonging to the element ~ge'
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Figure N20 - Instances coded in the categories
belonging to the element 'Gender'

Figure N21 - Instances coded in the categories
belonging to the element 'Occupation'

Figure N22 - Instances coded in the categories
belonging to the element 'Education'
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Figure N23 - Instances coded in the categories
belonging to the element 'Family size'
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Figure N24 - Instances codedin the categories
belonging to the element 'Nationality'
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Figure N25 - Instances codedin the categories
belonging to the element 'Frequency ofuse'

Figure N27 - Instances coded in the categories
belonging to the element 'Consumer's expectations'
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Figure N26 - Instances coded in the categories
belonging to the element 'Consumer's expertise'
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Figure N28 - Instances coded in the categories
belonging to the element 'Perceivedseverity'
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