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Abstract 

Increasing pressure on time-to-market and a growing number of consumer complaints 
force manufacturers of innovative consumer electronics to consider which problems to 
tackle first. A failure prioritisation model is proposed that takes a consumer perspective 
towards product reliability. Problems are prioritised based on their frequency, consumer 
severity, technical severity and (alternative) corrective actions. 
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Summary 

Introduction 
Several business trends have been identified that influence the development and 
reliability of products in the area of consumer electronics: an increasing product 
complexity, decreasing consumer tolerance with respect to product quality and reliability, 
strong pressure on time-to-market, and increasing complexity of business processes. The 
number of consumer complaints regarding new products has risen, especially due to a 
growing number of non-technical failures. In these cases, products perform according to 
technical specifications, but do not seem to meet consumer expectations. 

Research objective 
Given the increasing number of failures and time pressure on the development of new 
products, companies cannot deal with every reported failure and have to choose which 
problems to tackle first. These decisions need to be made based on an understanding of 
the importance of failures for the product reliability from the consumer perspective. 

Currently, no approach is available to prioritise product failures for this purpose. The 
objective of this research project is to deal with this shortage. Its aim is to answer how 
such a prioritisation needs to be made, based on which criteria and with the use of what 
information. 

Design needs 

For the prioritisation model to be applied successfully under the described circumstances, 
design needs have been identified. The most important needs are: 

The prioritisation model needs to look at both technical and non-technical failures, 
since consumers do not make distinction between these types of reliability problems 
either. 

The prioritisation model needs to look at failures from a consumer perspective. It is 
important to know what a failure means for consumers, in order to solve those 
failures that have the highest priority from their point of view. 

However, failure consequences from a technical point of view - traditionally used to 
evaluate failure impact - cannot be completely replaced by the consumer perspective. 
Consumers do not have enough insight in product design to assess the impact of a 
failure on product performance and safety. In addition, consumers tend to rank all of 
their own problems as the most important and remember negative experiences 
longer. The consumer view on failures alone may not always give a good 
representation of the failure importance. 

Analysis of tools 
Current reliability approaches do not provide failure prioritisation methods that 
incorporate the above mentioned design needs and mostly predict failures instead of 
looking at failures experienced by consumers. Therefore, this research continues with 
developing a new prioritisation model to meet the research objective. 

Summary • V. 
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Prioritisation criteria 

Four prioritisation criteria are proposed for the failure prioritisation. 

The criteria from the consumer point of view are: 

A.W.A. Gulpen 

- frequency of occurrence: the number of different consumers experiencing this problem; 

consumer severity: the impact of the failure on consumer (dis)satisfaction. 

The criteria from the technical point of view are: 

technical severity: the consequences of a failure on product performance and safety; 

correctability: the corrective actions needed to solve the problem. 

Ranking 

Failures are evaluated on these criteria to support the decision whether a problem needs 
to be solved for current products, in future product generations, or is neglected. For 
obtaining the failure ranking, ideally failure severities and correctability are expressed in 
costs. The trade-off between the failure (costs of consumer severity and technical severity 
in combination with the frequency of occurrence) and the corrective actions determines 
what should be tackled first. As it is expected that cost information cannot be obtained at 
the moment for these criteria, it is suggested to develop other quantitative measures. 

This research focuses on the consumer point of view towards failures, because this is the 
main addition to current approaches. Furthermore, the researcher does not have the 
necessary knowledge and information to study the technical point of view on failures. The 
remainder of the research is limited to the criteria consumer severity and frequency of 
occurrence. 

A measurement scale on five levels for consumer dissatisfaction as shown below is 
proposed for the consumer severity. For the frequency of occurrence the failures are 
classified on the highest level of detail possible in order to count the number of equal 
failures. 

Evaluation Level 

Consumer does or did not notice 

Consumer is slightly annoyed 2 

Consumer is dissatisfied 3 

Consumer is highly dissatisfied 4 

Consumer is extremely disappointed and indignant 5 

Case study 
A case study has been carried out to explore the availability of the necessary information 
to evaluate on the consumer point of view criteria. Furthermore, the case study is used to 
validate the proposed measurement methods. The case study uses two feedback 
information sources: a call centre database and internet forums where the same product 
is discussed. 

The frequency of occurrence information is evaluated by determining the level of detail at 
which failures can be classified. The analysed information sources appear to contain 
enough detailed information to count the frequency of occurrence. The evaluated internet 
discussions contain on average more detailed information on failures than the call centre 
database. 

The consumer severity is evaluated by counting for how many failures information about 
the consumer dissatisfaction is given. This information was hardly found. To use the 
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consumer dissatisfaction to measure the consumer severity, more information needs to 
be collected. 

The reliability of the case study results has been addressed by using different information 
sources and carrying out the evaluations with three raters. For the level of detail of the 
information, used to evaluate the availability of information to determine the frequency of 
occurrence of failures, a fair to substantial interrater reliability was reached among the 
raters. However, the classification scheme needs to be used for counting failures in 
practice to test the internal validity (is this level of detail indeed sufficient for counting 
failures?). Also, further application in practice on more products is needed to improve the 
external validity (generalisation) of the measurement for frequency of occurrence. 

For the consumer severity, not enough information was available in the case study to 
draw conclusions on the validity of the measurement scales used for consumer 
dissatisfaction and consumer actions. Future research is needed to test the validity of the 
proposed measurement for consumer severity or to propose other measurement scales. 

Conclusions 
This research shows that in order to prioritise failures in innovative consumer products: 

technical and non-technical failures need to be analysed; 

failures need to be evaluated on both the consumer and the technical failure severity. 

A failure prioritisation model is proposed that evaluates failures from a consumer and a 
technical point of view. 

However, the exploration in the case study indicates that the information needed to 
prioritise is not always being collected. Sufficient information to evaluate failures on the 
consumer severity could not be found in the internet forums and call centre database 
evaluated in the case study. 
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1 Introduction 

This chapter gives an overview of the research context for this graduation project. Several 
trends are identified that influence the market manufacturers of consumer electronics 
operate in. One of the consequences is that certain reliability problems appear, that hardly 
were significant before. Under these circumstances, there is a need to prioritise product 
failures. 

1.1 Market trends 

A publication of the Netherlands Study Centre for Technology Trends identified four 
different (but related) trends that influence business processes and product reliability 
(Brombacher & De Graef, 2001). These trends are: 

increasing product complexity; 
decreasing consumer tolerance with respect to product quality and reliability; 
strong pressure on time-to-market and fast adoption cycles; 
increasing complexity of underlying business processes. 

1.1.1 Innovative consumer products 

Each of these trends has an important impact on the nature of reliability problems. These 
developments apply especially for highly innovative, high-volume, technological 
consumer products. For these products, the uncertainty is high with respect to the 
development process, product reliability, consumer expectations, and consumer use. 
Therefore, this research project will focus on reliability problems in consumer electronics 
industry, especially innovative products that include functions or technologies that are 
new to consumers. The influence on this field of each of the mentioned trends is 
discussed in more detail below. 

1.1.2 Increasing product complexity 

Due to rapidly developing technologies, products are getting more and more complex. 
New technologies come available at an increasingly higher pace and to lower costs. 
Kramer (1999) states that digital hardware follows Moore's Law: the number of 
components on IC's doubles every 1.5 years. Digital techniques replace analogue 
standards. Circuit and software complexity grows and more embedded software is being 
used in consumer electronics. 

A new generation of a product is as a rule more complex than the earlier generation it 
replaces (Murthy & Djamaludin, 2002). Products consist of more complex components. 
In addition, products are fulfilling a growing number of functions and are expected to be 
compatible with more other products (Brombacher & Sander, 2000; Petkova, 2003). A 
clear example of these developments is the television, being one of the most important 
consumer products nowadays (Kramer, 1999). Televisions are expected to carry out more 
functions than just displaying the broadcasted signal (such as providing programme 
information, automatic channel configuration, setup menus and in the near future 
interactive functionalities and internet connectivity). In addition, they are nearly always 
connected by their users to other devices, like DVD recorders, sound systems and satellite 
receivers. 
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These factors lead to an increased product complexity. Consequently, it becomes almost 
impossible to predict every possible state of the product and consumer interaction with 
the product turns out to be more complicated and less predictable (Brombacher, Sander, 
Sonnemans, & Rouvroye, 2005). Furthermore, as described by Lancellotti (2004), most 
products become harder to understand and to operate for consumers. Consumers have 
problems maintaining a level of expertise with a certain technology due to the rapid 
technological developments and changes. The complexity makes quality and reliability 
validation and evaluation increasingly difficult, time-consuming, and costly (Brombacher 
& De Graef, 2001). 

1.1.3 Decreasing consumer tolerance 
It remains crucial to be able to satisfy consumer needs, although these needs change 
rapidly. This makes it difficult to know and specify them. At the same time, however, 
consumers are better educated, tend to demand more from products nowadays than they 
ever did (Murthy & Djamaludin, 2002) and have high hopes and expectations from 
technology (Lancellotti, 2004). Products are expected to be more complete, but also to be 
available earlier and at low prices. Not only are consumer requirements increasing and 
changing, also consumer tolerance decreases: products that do not completely do what 
was expected are not tolerated anymore. Broadbridge and Marshall (1995) investigated 
post purchase dissatisfaction levels of consumers of domestic and electrical appliances. 
They showed that electrical goods generate a high ratio of public to private complaints. As 
an explanation for this high public action ratio, they mentioned the nature, complexity, 
life expectancy and price of those products. In addition, warranty terms have become less 
strict (i.e. they have a more extensive cover) and warranty periods longer (Brombacher & 
Sander, 2000). Table 1.1 shows an example of how warranty terms have developed in a 
period of ten years (Brombacher, 2000). 

Table 1.1: Changes in product warranty 1989 - 1999 (Brombacher, 2000) 

1999 

Warranty period 6 month - r year 

Failures covered Material defects 

First line support Dealer / service organisation 

Logistics Via service centre 

3 years 

Any consumer complaints 

Helpdesks (free phone number) 

Replacement at home 

Due to these changes, more products are returned (i.e. failing); however not because they 
fail to meet (technical) specifications, but because they fail to meet consumer expectations 
(Brombacher & De Graef, 2001; Lu, 2002). 

1.1.4 Strong pressure on time-to-market and fast adoption cycles 
Since the nineties, product life cycles in consumer electronics are shortening 
(Minderhoud, 1999; Yazdani & Holmes, 1999; Brombacher et al., 2005). Because of the 
fierce competition in the market, companies constantly try to innovate in order to 
outperform their competitors. As a result the development of a new product type must be 
carried out very fast. Companies understand that the first player in the market often has 
several competitive advantages (Lu, Loh, Brombacher, & Den Ouden, 2000). They are the 
ones that can set the consumer price, monopolise market share, and - also due to 
switching costs - are able to establish a consumer relationship with the lead users in the 
market. In addition, product sales life is extended (Smith & Reinertsen, 1998). 

However, there are also downsides to being a pioneer. They face huge development costs 
against a high degree of market uncertainty. It is often a trade-off between time-to
market, product performance, and development costs (Mohr, Sengupta, & Slater, 2005). 
Others address the business trade-offs between the four objectives of product creation: 
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development speed, product cost, economic performance and programme expensive 
(Smith & Reinertsen, 1998; Minderhoud, 1999). Lu et al. (2000) describe the current 
trend as follows: "It is better to be the first in the market with a good product than to be 
the last to the market with the best product." 

Not only puts the competitive advantage of being the first pressure on development times 
(time-to-market). It is observed that products are outdated within shorter time, i.e. the 
time-in-market decreases, due to fast technology developments. Products also reach their 
commodity price earlier (short time-to-commodity) because of shorter adoption cycles. 
For example: a VCR had a time-to-commodity of approximately thirty years, for DVD 
products this took less than five years (Minderhoud & Fraser, 2005). Consequently, if 
product development takes too long, the product might already be obsolete when it is put 
in the market (Petkova, Sander, & Brombacher, 2000). Shorter adoption cycles also cause 
products to arrive earlier at different types of consumers - with respect to the category on 
the innovation adoption curve to which the consumer belongs, as described by Rogers 
(2003). This results in more diversity among the people buying and using a certain 
product. 

One of the consequences of these developments is that product development processes 
are constantly under pressure. They have to be as efficient and effective as possible 
(Minderhoud & Fraser, 2005). Whenever feasible, activities are carried out concurrently 
instead of sequential. Steps that do not directly add value are often eliminated. As a result, 
less intensive testing (both technical reliability tests and consumer tests) can be carried 
out before product launch, due to lack of time. Furthermore, field feedback of first 
generation products generally arrives too late to be used in the development of second 
generation products (Brombacher, 2000), which can result in reoccurrence of reliability 
problems in new product versions. 

1.1.5 Increasing complexity of underlying business processes 
Besides the trends mentioned above, globalisation and segmentation influence current 
business processes. Global world economy spreads development processes, production 
and sales over various (geographical) locations (Murphy, Kadur, & Nagaraju, 1994). Many 
companies focus on core competences, causing an increase in subcontracting and 
outsourcing. The growing number of people and parties involved in business processes 
and supply chains can cause communication problems, especially in combination with 
the mentioned spread over various distinct locations. Information networks become more 
complex, which makes sharing of information more difficult, slower, and less complete -
while there is already lack of insight in what consumers want due to the time pressure 
and technological complexity. Rapid knowledge building on quality and reliability issues 
becomes more difficult, and therefore requires more attention (Brombacher et al., 2005). 

1.2 Product reliability 

The above mentioned developments and trends influence product development and 
product reliability. This section describes the impact on product failures. 

1.2.1 Consumer complaints 
One of the major consequences of the trends mentioned in Section 1.1 for consumer 
electronics industry is shown in research by Den Ouden, Lu, Sonnemans and 
Brombacher (2006). They showed that the decreasing trend in the percentage of 
consumer complaints on new products appears to have ended in the mid-nineties (see 
Figure 1.1). 
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~1 .5% 

1980 1990 2000 

Figure 1.1: Average percentage of consumer complaints 
on new products (Den Ouden et al, 2006) 

How can this rise in consumer complaints, after many years of improvement, be 
explained? Brombacher et al. (2005) noticed that the percentage of claims classified 'no 
failure found' (NFF) increased significantly during the same period of time for modern 
high-volume consumer electronics (see Figure 1.2). In these cases, companies cannot find 
a violation of the technical specifications of the product. The percentage of complaints on 
new products thus seems to increase because of many complaints that the manufacturer 
cannot relate to a technical problem. 

50 

40 

30 

20 

10 

------------------

1980 1990 2000 

Figure 1.2: Percentage of claims where cause of complaint 
cannot be determined (Brombacher et al., 2005) 

If a product operates according to technical specifications, but nevertheless is failing in 
the eyes of a consumer, the failure is due to a mismatch between technical specifications 
and consumer expectations. This type of product failures is being considered as a separate 
class of reliability problems and will be referred to in this thesis as non-technical failures 
(e.g. Brombacher, 1996; Brombacher, 1999; Geudens, Sonnemans, Petkova, & 
Brombacher, 2005). 

1.2.2 Non-technical failures 
The increasing number of non-technical product failures is closely related to the four 
business trends mentioned above. Consumers are becoming more critical on products 
and have more legal rights to return products that do not fulfil their needs. At the same 
time, global competition forces companies to continuously innovate their products, add 
new functionalities, and incorporate new (and sometimes immature) technologies. 
However, it turns out to be increasingly difficult to know consumer requirements well on 
forehand. In addition, those consumer expectations are more diverse among different 
consumers and change very fast (Menon, Tong, & Sathiyakeerthi, 2005). Because of the 
innovative nature of the products it is hard to predict how consumers want to use the 
product and how consumers are going to interact with it. This all - in combination with 
the increased pressure on development times, which makes it sometimes even 
impossible to gather consumer feedback on products in time for second generation 
products - increases the likelihood of occurrence of non-technical failures. 

- 4 - Introduction 



TU/e Failure Prioritising based on Field Feedback for Innovative Consumer Products 

Lancellotti (2004) argues that non-technical failures are not only more likely to occur with 
technological products, they also have a greater impact. Because these products are more 
complex and change frequently, they are harder for consumers to understand and 
operate. Furthermore, it is more difficult for them to gauge the likelihood of failures, then 
for toothpaste or a pair of jeans. And if failures occur, the impact is bigger and the 
problems are more frequent for technological products. Consumers are hardly able to 
work around the failures or avoid them, due to the complex scientific nature of the 
products. The products are considered to be more confusing and mysterious than other 
products. 

1.2.3 Consumer focused reliability definition 
Consumer complaints that could not be linked to out-of-specifications product behaviour 
have often been classified 'no failure found'. This illustrates that these complaints were 
not really considered nor treated as product failure, despite the unsatisfied consumer. 
However, consumers are less tolerant than before regarding new products and warranties 
allow them to return a product, irrespective of whether it behaves according to technical 
specifications or not. Given the growing fraction of complaints classified 'no failure 
found', it has become inevitable for companies to analyse non-technical failures in order 
to pull them out of the category 'no failure found'. 

This asks for a view on product reliability that looks at product performance the way 
consumers do. Then both technical and non-technical failures are considered to be 
product failures. This trend in product reliability focus is also shown by Figure 1.3. 

Product has insufficient satisfiers 

Product not according to expectations 

Failure can't be confirmed 

Product not according to specifications 

Product Is not safe (liability) 

0 Current O Future 
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0 

,, 

2 

Time (years) 

Figure 1.3: Trends in product reliability 
(Brombacher, 2000) 
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Historically, companies focused on avoiding negative feelings that consumers might have 
during product use (Babbar, Behara, & White, 2002). Nowadays, products do not only 
have to be safe and perform according to their specifications, they also have to meet 
consumers' expectations (Brombacher, 2000). 

It has been argued that, in order to satisfy consumers (i.e. to generate positive feelings 
(Babbar et al., 2002)), it is needed to go even a step further. In addition to the must-have 
features necessary to meet consumers' needs and expectations, products should have 
features that delight the consumers (Kano, Seraku, Takahashi, & Tsuji, 1984). Absence of 
these 'delighters' (also called satisfiers or attractive quality) does not cause dissatisfaction, 
but its presence adds more than proportionally to consumer satisfaction (Sauerwein, 
Bailom, Matzler, & Hinterhuber, 1996). However, this research project focuses on 
product failures, and therefore will consider reliability as meeting consumers' 
expectations. 
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1.3 Research problem 

The described trends (Section 1.1) and the need for a consumer focused reliability 
approach (Section 1.2) provide consumer electronics manufacturers and researchers in 
the field of product quality and reliability with important challenges. 

Given the growing number of non-technical failures that cannot be classified and cannot 
be treated as technical failures, these product failures have to be taken into consideration. 
Reliability improvement methods need to be based on a broad product reliability 
definition which orientates from a consumer perspective. Field feedback needs to be 
collected on all failures. 

Failure prediction becomes more difficult and the number of potential failures increases 
due to the inclusion of non-technical failures , increased product complexity and 
uncertainty about product use. Decisions need to be made with respect to which 
preventive actions should be taken first to prevent product failures. 

Also, uncertainty and complexity, combined with pressure on development times and 
costs, lead to trade-offs. The occurrence of product failures cannot always be prevented. In 
addition, a number of (especially non-technical) reliability problems will probably only 
rise when the product is brought to the market and in the hands of the consumer 
(Brombacher & De Graef, 2001); products will for instance be used under unforeseen 
circumstances and in unexpected environments. This implies that it is at this moment in 
practice impossible to predict and/or prevent all product failures at all consumers. 
Therefore, actions need to be taken to deal with reported product failures. 

Due to the still increasing pressure on the time-to-market, in combination with a growing 
number of consumer complaints (Figure 1.1) , companies are forced to choose which 
problems to tackle first. De Visser, Lu and Ganesh (2006) pleaded for the development of 
a failure prioritisation model for consumer electronics and the collection of the needed 
failure and consumer information. In order to design such a model it is necessary to 
know on which basis failure prioritisations need to be made from a consumer 
perspective. This research is aimed at developing a prioritisation framework for product 
failures that can be applied under the described circumstances. 

1.4 Thesis structure 

This thesis is structured as follows. 

Chapter 2 defines the objectives of this research project. The research design is described, 
consisting of both the conceptual design and the technical design. 

Chapter 3 describes reliability problems in consumer electronics into more detail. 

Chapter 4 establishes the design needs for the prioritisation model and analyses existing 
reliability improvement methods. Can they be used to prioritise failures under current 
circumstances? 

Chapter 5 defines the criteria that need to be used to prioritise reliability problems and 
the information required for making such prioritisations. 

Chapter 6 evaluates in a case study the prioritising potential of two data sources that 
contain consumer feedback information. 

Chapter 7 presents the conclusions that can be drawn from this research and gives 
recommendations for further research and practice. 
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2 Research design 

Based on the research context described in Chapter I and the identified need for failure 
prioritising from the consumer perspective, this second chapter organises and limits the 
research to conduct in this graduation project. 

2.1 Design structure 
The research design in this thesis is based on Verschuren and Doorewaard (2005). 
Firstly, the conceptual design is presented, consisting of the framework and objective of 
this project, the derived research questions, the research model, and the definitions of a 
number of important concepts. Secondly, in the technical design, choices are made for 
the research strategy and the material to be used. Also the quality of the research is 
addressed. Figure 2.1 gives a schematic view of the research design. 

Conceptual design 

Research design 

Technical design 

Figure 2.1: Research design 

2.2 Conceptual design 

Research framework · 
and objective 

•· Research questions 

Research model 

Definition of concepts 

Research material 

Research strategy 

The conceptual design is used to define the objectives of this research project, set 
boundaries and determine the steps that need to be taken to reach the project goals. 

2.2.1 Research framework and objective 
Framework 

Recent trends have an important impact on consumer electronics industry; in short being 
increasing product complexity, decreasing consumer tolerance, pressure on time-to
market and increasing complexity of business processes (see Chapter r). Consequences of 
these trends can be seen in the nature of reliability problems. There is a clear increase of 
consumer complaints that are not related to technical product failures. Nevertheless, 
these non-technical reliability problems are not always taken into account in reliability 
analysis methods. To be able to give non-technical failures the attention they need and 
apply limited resources to those failures that are most important in the eyes of the 
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consumers, failure prioritisations have to be made that include all problems and prioritise 
from a consumer perspective. 

Research objective 

Given the growing number of non-technical failures in innovative consumer products - a 
type of failure that does not receive the same amount of time and attention as technical 
failures - and the pressure on development times for new products, a prioritisation 
method for product failures is necessary. 

The objective of this research project is to support failure prioritisations by developing a 
prioritisation model. This model has to include all types of reliability problems 
experienced by consumers. The prioritisation framework to be developed describes the 
criteria that need to be used to prioritise and the information requirements for 
prioritising failures. 

2.2.2 Research questions 
The central research question is therefore defined as: 

I How to prioritise product failures for innovative consumer products? 

To be able to answer this question, a number of steps are taken in this research. The need 
to prioritise failures from a consumer reliability perspective has been identified, but what 
are exactly the requirements for the model to fulfil this need? Then, existing quality and 
reliability approaches are evaluated with respect to these design needs. They might 
contain elements that can be applied in the prioritisation model. The next step is 
identifying how the prioritisation needs to be made, i.e. on which criteria failures will be 
compared and ranked. These criteria are made concrete by translating them to 
information requirements. This is the information needed about failures in order to 
prioritise among them. Finally, it will be evaluated if the prioritisation model can be 
applied at this moment, by looking whether this information is currently available. 

Summarising the above, this research works towards an answer to the central research 
question by addressing the following sub-questions: 

1. What are the design needs and conditions for a model to prioritise failures? 

2. To what extent do current quality and reliability approaches fulfil these needs? 

3. Which criteria need to be used to prioritise failures? 

4. What are the information requirements to prioritise with these criteria? 

5. ls the required information currently collected and available? 

2.2.3 Research model 
In the research model in Figure 2.2, the way the above questions are connected is shown 
schematically. It demonstrates that the process leads to a proposed prioritisation model 
(criteria and information requirements). Furthermore, it shows that failure feedback, 
when analysed on the information requirements, leads to the desired failure 
prioritisation. As this research aims at proposing a theoretical model to prioritise failures, 
and not at prioritising failures for a particular product, such a prioritisation will not be the 
product of this project. Nevertheless, the availability of the needed information is 
evaluated in a case study to give insight in the current possibilities of the prioritisation 
framework. 
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Figure 2.2: Research model 

2.2.4 Definition of concepts 
For reasons of clarity, some important concepts in this research will now be defined for 
further use in this thesis. Other definitions and interpretations of these concepts exist, 
however the choices for this thesis are made given the research context, research focus 
and limitations. 

Product: strongly innovative, technological, high volume consumer electronics product. 

Consumer. the user of a product. In this research, it is consider not important whether or 
not he or she was the one that actually bought the product; sometimes this distinction is 
made by using the term 'customer'. Here, in all cases the term consumer is used. 

Failure: every problem, complaint and/or dissatisfaction regarding a product reported or 
communicated by a consumer. In this research also referred to as reliability problem. 

Field feedback: any type of information from the market about a consumer and a product. 

Technical failure: failure caused by product behaviour out of technical specifications. 

Non-technical failure: failure that is not caused by product behaviour out of technical 
specifications. 

Reliability: the fulfilment of the consumer requirements over time (Baskoro, 2006). This 
is, in other words, the extent to which a product performs its function from a consumer 
perspective. In this research, by 'reliability' a consumer focused reliability approach is 
meant, which considers both technical as non-technical failures as a failure. 

Reliability problem: see failure 

2.3 Technical design 

The technical design has been constructed after the conceptual design, though in an 
iterative manner. After having clear what the aim of the research is and which questions 
need to be answered, the technical design decides on the strategy to follow and the 
material to use. 

2.3.1 Research material 
The research material to be used consists of available literature from various fields. 
Firstly, the problem and its context are studied in literature on product reliability. In 
addition, research on field feedback, consumer (dis)satisfaction, and prioritisation 
methods is applied on the research problem. 

In order to evaluate the availability of the required failure information, also practical data 
is collected. This material is further discussed in the case study in Chapter 6. 
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2.3.2 Research strategy 

The research is performed as a desk research, as described by Verschuren and 
Doorewaard (2005). This research strategy is characterised by the following three aspects: 

It uses already existing material. 
There is no direct contact with the research object. 
The research material is being used from another perspective that it was produced. 

This approach is used because it is considered most appropriate for the theory 
development carried out; various (theoretical) perspectives and existing theories are 
applied to the research object, which is the failure prioritisation model to be developed. 
The - for this model - important aspects are combined in order to answer the research 
questions. The steps taken and the decisions made towards the prioritisation model are 
described clearly, to make the research results controllable. Reliability of the statements 
and results is achieved by basing them on leading journals and authorities in the research 
fields. Internal validity is watched carefully during the theory development. By first 
establishing the design needs and then developing the prioritisation model, it is expected 
to realise a high internal validity and provide a valid answer to the research question. To 
be able to generalise the results (external validity), the prioritisation model is developed 
for a certain product type and market (innovative consumer electronics), instead of for a 
single product and single manufacturer situation. Furthermore, the circumstances and 
developments and how they lead to the design needs and prioritisation model are 
described. This allows for possible generalisations to other, comparable, situations. 

The proposed theoretical model is confronted with practice in the case study. Here, field 
data from consumer electronics industry are used. The aim of this confrontation is to 
explore the availability of the information about failures that is needed to prioritise. 
Taking one product and manufacturer as an example, can the prioritisation be applied? In 
Chapter 6, where the case study is described, the reliability and validity of the case study 
results are addressed with more detail. 

With respect to the used field data and the case study, it is stressed that they are not 
meant for theory generation or theory testing (for a discussion of the conditions and steps 
for building theory with case studies, see for instance Eisenhardt (1989)). Immediate 
theory testing is not possible because the available information is not complete enough to 
carry out complete failure prioritisations and it would in this desk research not be 
possible to objectively determine the quality of the resulting prioritisation. Theory 
generation based on the available data would be too focused on that particular data and 
product, making the resulting theory less broadly applicable. 
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3 Product reliability from a consumer perspective 

In order to be able to develop a prioritisation method for product failures from a 
consumer perspective, a thorough understanding of product reliability is indispensable. 
Therefore, this chapter continues this research project with an analysis of the occurrence 
of reliability problems, and the impact of a failure on products and consumers. 

3.1 Classes of product failures 

As a consequence of the four trends mentioned in Chapter 1, companies operate under a 
continuous competitive pressure on four major business drivers: time, profitability, 
quality and functionality (Brombacher, 2000). Functionality is in this context defined as 
the ability of the product to fulfil its intended function (making the product right), quality 
as the extent to which the product fulfils consumer requirements at 'all' consumers 
(making the right product) (Berden, Brombacher, & Sander, 2000). This definition of 
quality implies that if a product does not have sufficient satisfiers for the consumer, this 
will already lead to non-quality (Berden et al., 2000). Requirements are seen as the 
expectations consumers really have (the explicit and implicit consumer demands; Lu, 
Loh, Ibrahim, Sander, & Brombacher, 1999), and not as what companies expect them to 
want. 

Quality has, however, sometimes been defined more broadly. Reliability is then described 
as the quality or product consistency over time. In such a point of view, reliability is 
mentioned as only one dimension among other quality dimensions, such as performance, 
features, conformance, durability, serviceability, aesthetics and perceived quality (Garvin, 
1988; Rosenthal, 1992). The dimensions that together build quality are at least 
ambiguous (Baskoro, 2006). To avoid confusion, this research project is solely concerned 
with product reliability. More precisely, as defined in Chapter 2, reliability is the 
fulfilment of consumer requirements over time. A similar view on reliability problems is 
taken by Lancellotti (2004). He defines 'technological product failure' as "the inability of a 
product to provide the functionality desired by the consumer using it" (Lancellotti, 2004, 

p. 6). In his consumer oriented view on reliability, both technical and non-technical 
failures are included. 

Non-technical failures refer to all those problems consumers experience with products 
that are according to specifications ('in-specification') (Geudens et al., 2005). Generally 
spoken, in these cases product specifications differ from expectations of - that particular -
consumer. In other words: there is a mismatch between the product specifications and 
the consumer expectations. Conversely, problems with products that are out of 
specifications are classified as technical failures (Geudens et al., 2005). 

In practice a lot of difficulties exist concerning recognizing and dealing with non
technical reliability problems. In many cases such consumer complaints are being 
labelled 'No Fault Found' (NFF). This happens for example because the product has never 
been able to fulfil the requested function (that possibly was never in the product 
specifications, so the product is not designed to fulfil that function). However, NFF is not 
explicitly the same as a non-technical failure. NFF can refer to any situation where the 
(root) cause cannot be traced or the product cannot be repaired, and thus also to technical 
failures (see Figure 3.1 - Koca, Lu, Brombacher, & Hartmann, 2006). To clear this 
classification, product failures can be classified as 'Fault Not Found' (FNF) when a 
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technical failure exists or has existed but the failure cannot be repeated and the root cause 
cannot be identified. However, it is questionable if this distinction can currently be made 
in practice since in these cases the information needed to distinguish between technical 
and non-technical failures is not available. 
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Figure 3.1: Field Call Rate categories from the 
service perspective (Koca et al., 2006) 

Figure 3-1 also shows a further categorisation of non-technical reliability problems: 
relative advantage, compatibility, complexity, and interoperability. In the remainder of 
this research, only distinction is made - when necessary and possible - between technical 
and non-technical failures. 

3.2 Occurrence of reliability problems 

In order to be able to prioritise reliability problems, it is necessary to understand the 
nature of the failures. When do they rise and why? This section describes the occurrence 
of product failures in the product life cycle. 

3.2.1 Reliability problems in the product life cycle 
For many years, a bathtub shaped hazard rate curve (see Figure 3.2) has been used to 
describe product failure behaviour (Lewis, 1996). Distinction was made between different 
product failures with respect to one of three phases in the product life cycle. 

Early-
S fa ilure 
~ Period 
~ Constant failure 
:::, 
•- period .f .. r-11~t---__,;-------t1t4---,C--

Useful-life period 

Time 

Figure 3.2: Bathtub failure rate curve (Lewis, 1996) 

One of the underlying assumptions this model is based on, is that product failures 
depend on component failures. However, research in consumer electronics industry 
revealed that the majority of reliability problems is not related to component reliability 
anymore. A field study could relate only 21 % of the reliability problems to this cause (see 
Figure 3.3 - Brombacher, 1996; see also Denson, 1998; Bradley, 1999). 
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Figure 3.3: Observed categories of reliability problems 
(Brombacher, 1996) 

A so-called 'roller-coaster curve' (see Figure 3.4) is proposed instead of the traditionally 
used bathtub curve to model product failure (Wong & Lindstrom, 1988; Brombacher, 
1992). Aim is to include behaviour of failure rates really observed in practice in the 
model. Contrary to the bathtub curve, the rollercoaster curve assumes a decreasing hazard 
rate. This decreasing rate can have several humps, because of product flaws. Because of 
the strong influences of flaws during early testing and inspection, and because it is -
especially taking the pressure on time-to-market and product complexity into mind -
impossible to test product failures completely out before going to the market, the curve 
has its rollercoaster-like shape. 

4: Systematic ,,.·ear-out 

2: Em-ly wear-out 

t-,. 

Figure 3.4: Four-phase roller-coaster failure rate curve {Wong, 1988) 

The roller-coaster curve distinguishes four phases in product life: 

r. hidden o-hour failures 
2. early wear-out 
3. random failures 
4. systematic wear-out 

The focus on product reliability is not on the same category of failures in every business 
process. Brombacher et al. (2005) state that this focus will depend on the lifecycle 
strategy. This strategy, on its turn, depends on technology developments, the market and 
the type of product. Therefore, they propose the use of a general distinction of business 
processes into three categories: business processes creating products whose economical 
lifetime is (A) much shorter than, (B) comparable to and (C) much longer than the 
technical lifetime. Figure 3.5 shows the relevancy of the four mentioned (roller-coaster) 
phases of failures (according to moment of occurrence in the product life cycle) for the 
three different business processes. 
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d: typical development time (years) Type of business process 

pl: typical product operational life (years) 

d<0.5, pl<3 • X X A: high tech, fast innovation products 

0.5<d<2, 3<pl<10 • • X B: consumer goods {TV, Car, ... ) 

2<d, 10<pl • • C: professional (production) systems 

1,2 3 4 
• Relevant 

Reliability classification X Not relevant 

Figure 3.5: Relevance of different classes of problems 
for business processes (Brombacher et al, 2005) 

The focus in this research lies mainly on the first type of business process (A), because it 
studies innovative, technological consumer electronics. The main focus for those 
products lies on time. For type B processes this is often 'costs' and for type C 'quality' 
(defined as safety, availability and reliability). For highly innovative products (type A) it is 
not unlikely that they are replaced (by products with improved technology or 
functionality) before reaching phase 4 or even phase 3 (Lu et al., 2000). 

Due to the use of relatively unknown technology and the pressure on development times, 
phase I and phase 2 problems are very likely to occur for those products. Hidden o-hour 
failures and early wear-out will therefore get the most attention from a reliability 
perspective. Hidden o-hour failures refer to products that arrive out-of-specifications at 
the consumer (technical failure, not caught by test program or fails after tests) or products 
inside suppliers specifications but unacceptable to the consumer (non-technical failure) 
either due to an incomplete specification or a different perception of the product by the 
consumer (Lu et al., 2000; Brombacher & De Graef, 2001). The term early wear-out is 
used for products according to their specifications that do function for a while, but then 
show deviating behaviour due to product tolerance (such as weak materials or an unstable 
production line), tolerances in consumer use and/or misuse (Brombacher, 1992; 

Brombacher & De Graef, 2001). 

It is especially difficult to test out the non-technical failures in the first two phases. 
Consumer expectations are not always completely known and specified in time. Also, it is 
difficult to test tolerances in consumer use since the failures can only be triggered when 
high stresses are applied or unexpected behaviour is predicted. Furthermore, it should be 
noted that hidden o-hour failures and early wear-out occur in distinct sub-populations of 
products (or consumers), where phase 3 and 4 failures are relevant for an entire product 
population (Lu et al., 2000). 
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3.2.2 Reliability dimensions 
The previous section showed that different reliability problems occur at different 
moments in the product life cycle and for different groups of products and users. 'Time' 
has often been described as the most important variable to which reliability should be 
related (e.g. Lewis, i'996). This resulted in for instance the earlier described bathtub 
failure rate curve. Figure 3.6 (Brombacher et al., 2005) captures the three main 
dimensions of reliability problems in modem products. The first dimension, 
specification, relates to the described technical and non-technical failures. The second 
dimension, statistics, refers to diversity in consumers and consumer use, resulting in 
some failures to arise at certain consumers only. The third dimension, time, 
distinguishes between random failures and failures related to accumulation of time or 
consumer use. 
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Figure 3. 6: Different types of reliability problems (Brombacher et al., 2005) 

These dimensions give insight in the variety of failures and the different information 
needed for predicting and analysing product reliability. Table 3-1 shows the relation of 
certain failures with time dependency, statistics and failure classes. 

Table 3.1: Different types of reliability problems (Brombacher et al, 2005) 

Description Time Statistics Failure class Consumer perspective 
dependency 

Nominal No No Non- (Certain functions in) the 
functionability technical product does not work 

(Nominal) functional Yes No Non- After a while the product is 
drift technical no longer able to function 

Functional yield No Yes Non- Some of the products do not 
technical work 

Long term functional Yes Yes Non- After a while some products 
yield technical are no longer able to function 

Nominal rated No No Technical The product is defective on 
(over-)stress arrival (DOA) 

Nominal hardical Yes No Technical After a while the product fails 
degradation 

o-h failure hard failure No Yes Technical Some of the products are 
probability defective on arrival 

Long term hard failure Yes Yes Technical After a while some of the 
probability products fail 
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3.3 The consumer process 

In this research project, a consumer focused view on reliability is taken. Den Ouden et al. 
(2006) described an overall consumer process (see Figure 3.7), in order to obtain an 
understanding of the consumer experiences with products, with respect to dissatisfaction 
and complaining behaviour. The process they described is based on literature in various 
fields describing parts of the interaction between a consumer and a product. Each phase 
in this process is related to certain (potential) areas of dissatisfaction, and product 
complaints and returns. Before the product is actually purchased, one can distinguish the 
phases 'pre-sales' and 'point of sales'. After actually buying the product, a consumer has 
its 'out of the box' experience, followed by the 'extended use', which ends when the 
product is no longer used. 

Consumer 
Process 

Figure 3.7: Consumer process and {potentiaO areas 
of dissatisfaction (Den Ouden et al., 2006) 

Since non-technical failures are in many cases related to a mismatch between consumer 
expectations and product specifications, a lot of these failures first arise during early 
phases of the after sales consumer process, i.e. the out of the box phase. Technical 
failures can be expected during the out of the box phase and extended use. This is 
reflected in a roller-coaster shaped failure rate after purchase as described earlier in this 
chapter (see Figure 3.4). 

For consumers, however, the categorisation between non-technical failures and technical 
failures is unimportant for how they perceive a product. According to Oliver (1997), 
consumer (dis)satisfaction is related to product performance, but the latter does not 
directly determine the first. The relation depends on the way each individual personally 
processes his experiences with a product. In addition, this processing is influenced by 
other factors, for instance the expectations that a consumer has. This is schematically 
shown in Figure 3.8. 
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Figure 3.8: Mediated performance model of satisfaction (Oliver, 1997) 
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A consumer will buy a product, when he expects that it will fulfil his need(s). This implies 
that not his needs cause a consumer to choose the product, but his expectations are 
decisive. From that moment, satisfaction is influenced by the question whether the 
product performance meets the expectations. Parasuraman, Zeithaml and Berry (1985) 
extended this view by describing the 'adequate' level and 'desired' level of expectations. 
The range between these two extremes forms the 'zone of tolerance' (Kennedy and 
Thirkell, 1988). 

An example of how a certain situation can lead to different satisfaction levels for two 
consumers is given in Table 3.2. It shows how two consumers compare the performance 
outcome of a product with their expectations, and how they base their feelings about the 
product on the disconfirmation between their expectations and the performance. 
Furthermore, an imaginary consumer C, for who the performance is also 5 miles per 
gallon better than what he expected, this result might be slightly better than expected, 
while for consumer A it is a very good performance. 

Table 3.2: Different satisfaction levels with the same performance (Oliver, 1997) 

Consumer A ConsumerB 

Expectation 20 miles per gallon 30 miles per gallon 
Performance outcome 25 miles per gallon 25 miles per gallon 

Numeric difference + 5 miles per gallon · 5 miles per gallon 

Subjective disconfirmation better than expected worse than expected 

Expressed (dis)satisfaction 'great' 'mad as hell' 

It is not only the comparison of performance and expectations that determines the 
consumer actions. Also the type of attribute that fails increases the complaining or 
complimenting potential, as shown in Table 3.3. The attribute label assigned by a 
consumer to a feature, on its tum, depends again on the consumer and his expectations. 

Table 3.3: Attribute categories with effects on consumer action (Oliver, 1997) 

Potential for: 

Complimenting Complaining Attribute Label 

high low satisfiers 
low high dissatisfier 

high high criticals 

low low neutrals 

Since this research project deals with product failures, the focus also lies on instances of 
consumer dissatisfaction instead of consumer satisfaction; failures and consumer 
dissatisfaction are considered to be connected. Outside these project boundaries, 
however, this does not necessarily have to be the case. Up to a certain point, loyalty causes 
that a consumer can be fairly insensitive to a single shortfall in product performance 
(Oliver, 1997). 

Actions 

When a consumer is dissatisfied with a product (or service), he can choose different ways 
to react. Warland, Hermann and Willits (1983) differentiated between an 'action group' 
and a 'no action group'. Singh (1990) further divided the actions of the first group in 
complain to the manufacturer, private action (word-of-mouth), or public actions 
(complain to third party institution, government, et cetera). This can be translated into the 
following differentiation (see also Chelminski, 2003): 

passives (no action); 
voicers (response directly to manufacturer); 
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Another widespread theory is Hirschman's (1970), which is built on the possibilities of 
exit, voice, and loyalty. Exit refers to a lost consumer (sometimes referred to by 'switch'), 
voice to complaining and loyalty to the above described possibility that a consumer 
'accepts' some failure due to its loyalty to the product, manufacturer or brand. A third list 
of possible actions, which overlaps with the previously mentioned ones, is provided by 
Johnston (1998): tell friends, make a fuss, complain, not use again, dissuade others, and 
campaign against. 

Causes 

It has been mentioned that a failure can result in varying feelings of dissatisfaction for 
different consumers, given their expectations and the way they deal with failures. Various 
researchers have been studying which factors influence the way a consumer reacts upon a 
failure. Hirschman (1970) wrote that consumer complaining behaviour is related to 'the 
value of voicing the complaint' (the expected results) and 'the willingness to take up the 
voice'. From his point of view, exit is seen as a last resort. 

According to Cho, Im, Hiltz and Fjermestad (2002-a), the way a consumer responds is 
based on: 

the degree of dissatisfaction; 
the importance of the purchase and the product type; 
personal / individual characteristics; 
the expected response time to get an answer and outcome expectancies; 
costs associated with complaining. 

Lancellotti (2004) studied how consumers cope with a product failure, for technological 
products, what the antecedents of the coping process are and what the outcomes are for 
consumer satisfaction. He found that how consumers cope affects their level of 
satisfaction with the product that has failed. Those who cope through planned action, or 
who self-motivate, experience less dissatisfaction with the failure. These effects are 
independent of other, already established, key drivers of consumer satisfaction, such as 
expectation disconfirmation. Lancellotti also found that satisfaction is driven largely by 
the most recent coping strategy employed. This further supports the dynamic nature of 
the consumer coping process. As personal and situational variables change, so too do the 
coping strategies employed, and ultimately the level of (dis)satisfaction experienced by the 
consumer. 

This section has given a brief overview of research with respect to consumer product use. 
It has identified factors that influence (dis)satisfaction and possible reactions to failures. 
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4 Design needs 

This chapter derives the important aspects of the prioritisation model from the identified 
needs in Chapter 1 and the background on reliability problems in Chapter 3. It is shown 
that both a consumer point of view and a technical point of view are important to 
prioritise failures. Furthermore, this chapter analyses existing quality and reliability 
approaches, tools and methods. To what extent do they meet the design needs determined 
in this chapter? 

4.1 Design needs 

This section translates the identified need to prioritise failures and current trends that 
influence product reliability into design needs for the prioritisation model, in order to be 
able to analyse existing approaches on these needs and develop a model that satisfies the 
research goal. 

4.1.1 Technical and non-technical failures 
Previously in this report, it has been argued to look at product reliability from a consumer 
perspective. This is needed to take into account all problems with products that 
consumers experience. By doing so, both technical and non-technical reliability problems 
are considered to be failures. For consumers, the distinction between non-technical and 
technical failure is neither interesting nor important. Thus, the prioritisation model 
needs to look at failures from a consumer perspective in order to prioritise among all 
failures. 

4.1.2 Consumer and technical point of view 
Tan (2003) mentioned the fact that consumers' voices are often not included during 
reliability predictions, they are made from a manufacturer's point of view. Non-technical 
failures are causing increasing numbers of consumer complaints. Prioritisation of 
identified failures is needed. Failures can have many potential effects, but the effects (and 
thus failures) that are of most concern to consumers should be given a higher priority, 
not those failures that are most interesting according to the company or its employees. A 
consumer point of view on reliability problems assures that the failures that are most 
important for consumers, receive the necessary attention. 

However, a number of remarks can be made with respect to prioritising failures on a 
consumer point of view only. Consumers do usually not have sufficient product 
knowledge nor are they interested in constructing a fault tree for the product 
manufacturer. Furthermore, asking consumers to list out the (potential) failure modes 
could have a negative implication on the product perception. Also, the consumers' 
priorities cannot be obtained through the systematic approach as outlined by Trewn and 
Yang (1997). Consumers tend to rank everything as important, frustration generated by 
product failure is not mitigated by product success experiences (Gaeth, Levin, Sood, 
Juang, & Castellucci, 1997), negative experiences stick in their memory for a longer time, 
and asking about dissatisfaction promotes negative thinking (Graham, 1990). Finally, 
unless buyers begin the evaluation with low expectations, they tend to focus during 
consumption primarily on negative aspects of product quality (Ofir & Simonson, 2001). 

In addition to these difficulties with obtaining a clear consumer view on failures, 
consumers are unable to asses the severity of failure effects and potential safety 
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consequences. Product safety is the first level of product reliability (see Figure r.3) and 
consumers might not understand how a failure can influence overall product 
performance. Kara-Zaitri, Keller and Fleming (1992) stressed that the local criticality of 
an event alone is not sufficient; severity could vary from one level to another. Technical 
severity needs to be evaluated for all (sub)systems of a product. Also, consumers have 
little or no insight in the (cost of) changes that would be necessary to solve a failure. 

A technical point of view is thus needed - in addition to the consumer's voice - to be able 
to assess the severity of failure effects, potential safety consequences, and the eventual 
impact of preventing the failure. 

4.1.3 Field failures 
De Visser and Van den Bogaard (2006) stressed the risks of the often qualitative methods 
used for failure predictions, such as a Failure Mode and Effects Analysis (FMEA). It is 
doubtful that engineers, no matter how good they are able to design products and solve 
problems with them, will come up with all relevant failure mechanisms. They proposed to 
compare the FMEA results with quantitative data about known failure mechanisms, such 
as error field data or product service data of the same or a comparable product. 

According to Brombacher and De Graef (2001), some non-technical reliability problems 
cannot be predicted or foreseen without bringing the product to the market and in the 
hands of the consumer. Furthermore, products are more complex and there is an 
increasing pressure on development times. Baskoro (2006) has added that it is not 
possible to detect all reliability problems during the development process, at least because 
consumer requirements can have changed in the meantime. Finally, Pidgeon (1988) 
already rightly concluded that risk analyses, no matter how sophisticated, are inherently 
incomplete: 'one can never know completely what one does not know'. 

Therefore, as well as assessing and predicting reliability during the design phase, it is also 
necessary to continue to evaluate reliability during operation. This includes ranking of 
operational and maintenance problems for investigation (Moss & Woodhouse, 1999). It 
is, especially for highly innovative products used in a complex environment, inevitable 
that some reliability problems do not arise before the product is used in the field. 
Therefore an efficient and fast detection and feedback system is needed (Brombacher and 
De Graef, 2001; Menon et al., 2005) in order to deal with these failures and to improve 
reliability predictions. Den Ouden (2006) reviewed existing reliability approaches and 
tools and concludes that the most significant lack of these methods is the inability to 
learn from the field. Analysing consumer experiences and product failures in the field 
can fill this gap. 

Field feedback is used for predicting failure behaviour in the future. But field data about 
failures also gives input about the failures occurring in the field that can be used to solve 
the failures and/or prevent them in the current product or future product generations 
(i.e., to learn from the past; Brown & Eisenhardt, 1995). Different sources of field 
feedback are expected to contain information on consumer dissatisfaction and additional 
information regarding problems that consumers experience (Den Ouden et al., 2006). 

Since product failures from a consumer perspective cannot be completely prevented from 
occurring and there is a clear need to learn from failures, the prioritisation in this 
research will be aimed at prioritising field failures, i.e. failures that already occurred in 
the field. As can already be seen from the definition in Section 2.2.4, failure refers in this 
research project always to field failures. When speaking about the prediction of potential 
failure modes in the future, the term 'possible failure' will be used. 

Thus, the prioritisation model is aimed at failures reported in the field. 
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4.1.4 Overview 
The previous paragraphs of this chapter showed three design needs for the prioritisation 
model, resulting from the analysis of reliability problems and business trends for 
consumer electronics. Here, an overview is given of these needs and a fourth design need 
is added. The prioritisation model has to: 

be applicable to both technical and non-technical failures (i.e. to every consumer 
dissatisfaction) . 

look at failures from a consumer point of view in order to know the impact of a 
failure, but also from a technical point of view in order to be able to consider the 
problem in its technical context. 

be primarily applicable to field failures . These failures are experienced by consumers 
in the field, contrary to possible failures predicted during design. 

be unambiguous, clear and objective. It has to be possible to carry out the 
prioritisation in such a way that certain data results every time and for everyone in the 
same ranking. This is needed to assure the validity and general applicability of the 
model. 

4.2 Analysis of available tools 

This section describes currently applied methods to improve product reliability and to 
deal with product failures. Because this research project is focused on prioritising 
failures, these methods are evaluated on their ability to support this process, not on 
whether they contribute or not to product quality in general or whatever their purpose is. 

4.2.1 Reliability systems 
In the area of high volume consumer electronics it is at this moment not possible to 
develop, produce and use large series of products without seeing a product fail 
(Brombacher & Sander, 2000). As a consequence, many methods are being used to 
prevent failures where possible and to analyse the field performance in order to deal with 
failures that do occur. Usually, different methods are being applied concurrently in order 
to deal with different types of failures at different times in the product development 
process and product life cycle. See for instance the quality and reliability assurance 
system in Figure 4.1 (Yang, Chow, Sun, Sun, & Babu, 2003). 

Customer Reliability & Quality Matrix Supplier's 
demands Q&R data 

FMEA Technical 
Customer Corrective Design rules review 
complaint action Electrical, mechanical, opti-

cal & software design 

Figure 4.1: Quality and reliability system for 
consumer electronics design (Yang et al, 2003) 

Yang et al. (2003) investigated whether the methods and tools provided by the current 
systems are capable of handling the potential problems emerging in the development 
processes of consumer electronics. According to them, many of the existing methods and 
tools cannot deal sufficiently with current fast product development processes and 
dynamic process performance evaluation. This requires prediction using approximate 
data and models in early design stages, and using more detailed data and analytical 
models when they come available. It also requires integrating and sharing information 
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from different components of the assurance system in Figure 4.1, such as technical 
reviews, design rules, and consumer complaints. 

Keizer, Vos and Halman (2005) stressed the risks in current (new) product development 
and developed a risk reference framework for assessing these risk factors. Apart from the 
technological risks - which according to them can be effectively analysed with fault tree 
analysis (FTA) or FMEA - they stated that the success is also determined by organisational 
and market-related risks. As this research project focuses on product reliability and not on 
the overall success of newly introduced products, failures are only considered in relation 
to product reliability. Other risks, for example financial risks, are left out of consideration. 

4.2.2 Non-technical failures 

An important factor in modem reliability approaches is the increased percentage of non
technical failures. Non-technical failures are often less straightforward and might have a 
rather subjective nature (Lancellotti, 2004). This requires information about both the 
problem and the consumer experiencing the problem. Consumer information is more 
important for the analysis of non-technical failures than it is for technical failures. The 
first type of problems is namely always related to a particular consumer or consumer 
group, it cannot occur without the product in their hands. It is possible that out of 
technical specification behaviour of products is experienced more often or noted earlier or 
better by certain consumers than by others, but a violation of technical specification can 
theoretically be found or repeated by engineers, while non-technical failures are hard to 
identify without knowing for instance consumer expectations. 

Den Ouden (2006) reviewed quality and reliability approaches and tools with respect to 
their applicability in modem consumer electronics industry. The approaches need to be 
able to handle uncertainties (market and technology), support fast time-to-market, 
support cross-functional and globally dispersed teams, and cover a broad scope of failures 
(technical and non-technical). According to this review, none of the approaches fits all 
four requirements simultaneously and an adapted approach is recommended. If this 
analysis is compared to the design needs in the previous section, the ability for the model 
to be able to cover a broad scope of reliability problems (non-technical and technical) is 
also important in this research project. 

4.2.3 Failure predictions 

Since generally 'a stitch in time saves nine', and 'forewarned fore armed', reliability 
prediction methods try to predict failures that might occur in the future. Heijmans (2005) 
has given the following classification for reliability predictions, with respect to the basis 
on which the prediction is made: 

1. Prediction of potential problems already during the product development process. 
These methods are used to identify possible future failures (e.g. FMEA, Quality 
Function Deployment (QFD), consumer test, High Contrast Consumer Test (HCCT) 
(Boersma, Loke, Lu, Brombacher, & Loh, 2003)); 

2. Prediction based on the (statistical) knowledge of failure rates of the individual 
components and knowledge of the physics of failures; 

3- Reliability prediction using field data, for example to estimate the warranty costs. 
Feedback can be used in the product development process of a product of the next 
generation (assuming it is on time). 

Prediction methods are mainly used in product design, in order to foresee potential 
failures as early as possible and avoid them. Widely used tools are (Blischke & Murthy 
2000, 2003; Keizer et al., 2005): 

Failure mode and effects analysis (FMEA) (e.g. Hammer, 1972; Onodera, 1997); 
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Failure mode and effects and criticality analysis (FMECA) - this is FMEA in which 
criticality of each possible failure is also assessed; 
Fault tree analysis (e.g. Pilot, 2002). 

Other prediction methods proposed and/or applied in consumer electronics industry are, 
among others: 

Potential problem analysis (PPA) (e.g. Ho, 1993; Keizer et al., 2005); 
Software reliability engineering (SRE) (Lyu, 1995) - which predicts behaviour and use 
in order to prevent failures; 
(Accelerated) Stress testing; 
High Contrast Consumer Testing (HCCT) - predict failures with the use of 
unexpected consumer behaviour early in the development process (Boersma et al., 
2003); 
Reliability Quality Matrix (RQM) (Lu, 2002) - a method that takes into account the 
uncertainty of predictions of reliability problems and proposes uncertainty 
improvement activities instead of preventing uncertain risks. 

However, there are some difficulties with the use of these reliability predictions. Modern 
development strategies such as concurrent engineering require predictive tools that in 
most cases have proven to have little relation to reality, owing to the high speed of 
innovation and the strong dynamics in consumer behaviour (Brombacher, 1999; Lu et al., 
1999)-

Van Zoggel (2005) proposed a number of criteria important for identifying the relative 
importance of non-technical failures. Although specifically constructed for non-technical 
failures, or perhaps because of this focus on such failures, they might as well be relevant 
to the 'all failure' prioritisation in this research. The mentioned failure aspects are: 

the consumer relation with the product; 
type of user (user profile); 
type of consumer requirements: must-be, linear satisfier, attractive (Kano); 
in which usage pattern (use profile); 
when and in which environment; 
reproducibility of failure (or coincidence?); 
frequency of failure; to a certain extent of serious consequences; 
time remaining for product launch or next generation; 
costs of change. 

4.2.4 Tools and the design needs 
In Table 4.1 existing and widely applied quality and reliability methods are analysed with 
respect to the question: do they meet the design needs for the failure prioritisation 
model? 

With respect to looking at technical and non-technical failures, most analysed approaches 
do not make a distinction between technical and non-technical failures. However, because 
failures are predicted by predicting possible violations of specifications, non-technical are 
hardly identified, especially due to lack of consumer involvement. Furthermore, it is 
assumed that products and components are used within their technical specifications. 

The perspective by which the tools look at failures is generally a technical one. QFD and 
related methods prioritise consumer requirements based on consumer needs. This is 
used to prioritise product aspects from a consumer point of view. However, none of the 
methods uses consumer needs to look at product failures. None of the approaches does 
explicitly take both points of view with regard to a single failure. 
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Table 4.1: Analysis of quality and reliability methods 
with respect to design needs 

Tool Design need Remarks 

Technical & non- Consumer point of Field failures? 
technical failures view on failures and 
(consumer-oriented technical point of 
reliability approach)? view? 

Failure Mode Possible; although Engineers predict Used for failure 
and Effects potential failures are and evaluate failures prediction, corrective 
Analysis generally identified actions to prevent 
(FMEA) not by consumers failures from 

occurring 

Quality Both Consumer point of Applied during 
Function view design, on forehand 
Deployment 
(QFD) 

Stress Testing Especially technical Technical and Identifying and Including accelerated 
failures consumer point of analysing potential stress testing, stressor 

view failure modes susceptibility analysis, 
stress-strength 
analysis, and others 

Physics of Technical failures Technical point of Identifying potential 
Failure only view failures 

Software Both possible, but No distinction; Identifying potential Den Ouden (2006) 
Reliability does not include all technical and failures proposed a concept of 
Engineering failures consumer point of a consumer-focused 
(SRE) view reliability approach for 

high volume consumer 
electronics products 
based on SRE 

Statistical Technical failures Technical point of Field failures are 
reliability view, but focus is on used for statistical 
prediction the probability of a failure behaviour 
methods failure instead of its knowledge 

engineering 
background 

High Contrast Both Both possible Prediction of 
Consumer failures, by collecting 
Testing (testing) consumer 
(HCCT) use information 

Reliability & Especially technical Both possible Prediction 
Quality Matrix failures 
(RQM) 

RQM Lite Especially technical Both possible Prediction Extends the RQM 
(Ganesh failures application to radical 
2006) product development 

processes 

Build-in Especially technical Both, but constructed Prediction Incorporates the basic 
Reliability failures without consumers (prevention of functions ofQFD and 

failures) FMEAmodels 

Fault Tree Technical failures Both possible Prediction and 
Analysis analysis 

Potential Both Both possible Prediction 
Problem 
Analysis 
(PPA) 
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The most important observation from the analysis for this research is that all structured 
methods are aimed at preventing and/or predicting failures. They do not look at failures 
and evaluate them on important aspects. Failures are predicted and only prioritised by the 
estimated probability of occurrence. However, to prioritise failures there is a need to 
determine the relative importance of failures, in other words: comparing failures. The 
FMEA approach estimates several different failure aspects on a quantitative way and aims 
at providing a ranking of failures. However, the FMEA method is not designed for field 
failures. 

The most significant white spot is the lack ofleaming from the field (Den Ouden, 2006), 
especially looking at consumer complaints on both technical and non-technical failures. It 
appears that market research mainly focuses on assessing the market potential in the 
front end of the project. Quality management mainly gathers field feedback on technical 
failures (repairs), after market introduction. This research tries to partially fill this gap in 
current approaches by developing a failure prioritisation for reliability problems reported 
by consumers. 

4.2.5 Conclusions 
This section has introduced several methods that are used to deal with failures. Most 
approaches try to predict and prevent failures. However, not every failure can be predicted 
or foreseen before a product is in consumers' hands. Therefore, analysis and fast 
feedback of field data about failures is necessary. Numbers of failures increase and 
pressure on time-to-market causes feedback to come in late. Therefore, prioritisation of 
product failures is needed to be able to quickly deal with the most important failures. 

Current quality and reliability methods cannot be used for the prioritisation of failures in 
the field, because they are not designed for both technical and non-technical product 
failures in the field and do not take both a consumer and technical point of view on 
product reliability. They do not evaluate failures with the purpose of finding the most 
important one. FMEA is the only identified approach that tries to evaluate different 
aspects of a (predicted) failure. Therefore, this approach will be used as a starting point 
for the development of a failure prioritisation model that meets the design needs and 
circumstances in the market. 
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5 Failure prioritisation model 

This chapter develops a theoretical failure prioritisation model. Firstly, the design needs 
identified in the previous chapter are listed in Section 5-1. Then, the criteria for the 
prioritisation are defined in Section 5.2. Section 5.3 discusses how to rank the failures 
with these criteria. The requirements this puts on the field feedback are discussed in 
Section 5+ 

5.1 Design needs 

The previous chapter mentioned several quality and reliability approaches, each with their 
own objective, and explained why a (new) failure prioritisation framework is developed in 
this chapter to prioritise failures. To be able to construct this framework, it has to be clear 
what the requirements for the purpose in this research are. Chapter 4 showed that the 
prioritisation framework has to: 

be applicable to both technical and non-technical failures (i.e. to every consumer 
dissatisfaction). 
look at failures from a consumer point of view in order to know the impact of a 
failure, but also from a technical point of view in order to be able to consider the 
problem in its technical context. 
be applied to field failures. These failures are experienced by consumers (in the field), 
contrary to possible failures predicted during design. 
be unambiguous, clear and objective. It has to be able to carry out the prioritisation in 
such a way that certain data results every time and for everyone in the same ranking. 
This assures the validity and general applicability of the model. 

5.2 Failure prioritisation criteria 

This section translates the design needs into criteria for the prioritisation of failures. The 
objective is to choose criteria in such way, that the requirements set by the design needs 
are met by the set of criteria. 

5.2.1 Failure mode and effects analysis 
As a starting point for building the failure prioritisation model, the FMEA method is 
taken (see Chapter 4). FMEA has widely been used to predict potential failures during 
product design (Onodera, 1997), also in consumer electronics industry. Particularly 
interesting for this research, is that during FMEA a prioritisation of (potential) failures is 
made. However, FMEA cannot be directly used for the failure prioritisation purpose of 
this research because the tool does not ensure to look at reliability from a consumer 
perspective, does not take both a technical and a consumer point of view on failures , and 
is designed for predictions instead of field failures. The approach is adjusted in this 
section to further develop a failure prioritisation method. 

The first step in developing the prioritisation model, is defining which criteria will be 
used to evaluate and distinguish between failures. Mostly, the Risk Priority Number 
(RPN) and the Criticality Number (CN) are applied in FMEA for this purpose (Onodera, 
1997; Braglia, Frosolini, & Montanari, 2003). The RPN is calculated with three criteria: 
probability of occurrence, likelihood of detection during design and manufacture, and 
severity of failure effects (Moss and Woodhouse, 1999). The CN uses the probability of 
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occurrence of failure mode and the failure effects. Comparing the two sets of criteria, it 
can be seen that the main difference is the criterion 'likelihood of detection during design 
and manufacture'. For this reason, the RPN is mainly used in manufacturing industries 
(such as automotive, and domestic appliances) and the CN in aerospace, nucleon, and 
chemical industries - where undetected failures must be completely avoided. 

Prioritisation criteria 

Since it is the aim of this research to prioritise failures that already occurred in the field 
from a consumer perspective, the detectability of failures is not relevant for the failure 
prioritisation model and will be left out of consideration. 

Looking at a failure, the probability of occurrence is important, as a company will want to 
know what the chance is that other consumers have the same problem. This allows the 
company to assess the overall impact of the failure. Because this research focuses on field 
failures, the logical way to estimate this probability is by counting the number of 
consumers experiencing this problem. Therefore, the failure prioritisation model uses the 
criterion 'frequency of occurrence' to evaluate this aspect. The frequency of occurrence is 
defined as the number of different consumers experiencing the same problem. 

This leaves the FMEA criterion (severity of) failure effects as the last not discussed item. 
In FMEA, the effects of a failure for product performance and operation are estimated to 
be able to assess the failure effects. Note that this captures the technical point of view on 
reliability problems, as discussed in Chapter 4. Therefore, the failure prioritisation model 
uses the 'technical severity' to capture this failure aspect. The technical severity is defined 
as the impact of a failure on product (system) functioning and on safety. 

However, Chapter 4 also identified the need for the prioritisation model to prioritise 
based on a consumer point of view on product failures. To prioritise failures for one 
particular consumer, the importance depends on the failure severity in his or her 
perception. The 'consumer severity' is the failure severity from a consumer point of view 
and is defined as the impact of the failure on the consumer satisfaction with the product. 

Failure impact 

Returning to the research objective - developing a failure prioritisation model from a 
consumer perspective - these criteria are able to capture the technical and non-technical 
failures, since the frequency of occurrence is counted from a consumer perspective, 
taking into consideration all reliability problems reported by consumers. In addition, it 
evaluates failures with respect to the consumer severity, since it matters how a consumer 
rates a problem. But, it has also been argued that the technical severity remains essential, 
since consumers do not have enough insight in the product design to be able to know and 
understand the failure impact on product performance and safety. Knowing the technical 
and consumer severity for every failure, and its frequency of occurrence, the impact for all 
consumers of a failure can be compared to that of other failures. 

Corrective actions 

The failure prioritisation model is made from a consumer perspective, i.e. it should 
prioritise failures based on what is most important for consumers. However, the purpose 
of the model is to provide the company (that is constructing the prioritisation) with a 
ranking of failures that advises which failures to tackle first and which failures in the 
future or not at all. Various factors, apart from the severity and frequency of occurrence 
mentioned above, influence these decisions. Some of these factors are related to the 
company, its strategy, plans for future products, et cetera. But there is one aspect, 
important for decisions like this, which is related to a specific failure and will therefore be 
included in the failure prioritisation model as well: the corrective actions needed to solve, 
correct or eliminate the failure. These possibilities influence the prioritisation and 
decisions with respect to whether and when actions should be taken. The 'correctability' 
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is a measure for the corrective actions needed to correct the product or prevent the failure 
from occurring in future products. 

This has also been mentioned by Van Zoggel (2005), who suggested nine aspects to 
determine the relative importance of non-technical failures (see Section 4.2.3). It is stated 
that the most important is the seriousness of the consequence of a non-technical failure 
in combination with the frequency of occurrence. Most other listed aspects are related to 
the background of the consumer and the environment in which the failure occurs. 
However, these criteria become relevant while analysing the root cause to understand the 
failure. The last mentioned aspect by Van Zoggel is the 'cost of change'. Solving all found 
problems is too expensive in real business processes: that is a reason to prioritise in the 
first place. But then the costs of dealing with a certain failure can not be ignored. With the 
correctability criterion, the necessary changes to overcome the problem are taken into 
account. 

Especially since the prioritisation is made for both technical and non-technical failures, 
the following remark needs to be made. In cases of non-technical failures, sometimes 
consumer oriented solutions such as education can be more effective and less costly. 
Improving the messages sent to consumers (marketing, directions for use (DFU)) and 
avoiding confusion can be effective means to solve problems (Goodman, Ward, & 
Broetzmann, 2002). 

5.2.2 From design needs to prioritisation model 
Figure 5-1 shows schematically the four previously described prioritisation criteria. With 
these criteria, the model looks at product reliability from a consumer perspective, which 
means that - at least initially - both technical as non-technical failures are considered 
equally important. The model distinguishes a failure severity from a technical and a 
consumer point of view in the model. By doing so, failures can be rated according to their 
relative importance to the consumers (consumer severity), but the technical aspects of a 
failure - that can not be assessed by consumers - are evaluated as well. The model can be 
applied to field failures, because it is constructed with criteria that can be evaluated for 
existing failures experienced by consumers. 

PRIORITISATION CRITERIA 

Consumer point of view 

Consumer 
severity 

Frequency of 
occurrence 

Technical point of view 

Technical 
severity 

Correctability 

Figure 5.1: Summary of prioritisation criteria for field failures 

Figure 5-1 divides the criteria into two categories, the consumer point of view on failures 
and the technical point of view. The first does not only consists of the consumer severity 
but also the frequency of occurrence, the latter includes in addition to the technical 
severity the correctability factor. 

Although it can be argued that failure frequency is a numerical measure, independent of 
the point of view, the frequency of occurrence is related to the consumer point of view in 
the model in order to stress the fact that the failures are counted and prioritised based on 
consumer experiences and complaints. In this way, both technical and non-technical 
failures are included. 
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The correctability is related to the technical point of view. Consumers cannot evaluate 
failures on this aspect, because they have no insight in the product design and technical 
possibilities. It is a criterion that will be placed opposite to the other three, since the first 
three are related to having a problem, and the correctability is related to the costs and/or 
efforts of not having the failure. But since the correctability is failure related, the criterion 
is included in the model as part of the technical point of view on failures. 

5.3 Ranking failures 

Distinction is made in this research between prioritisation and ranking. Prioritisation is in 
this report considered to be the whole process of evaluating information on criteria, 
analysing the results, and use them to obtain a list of failures in prioritised order. 
Ranking is considered to be this last step in the process. It is about how to use and weigh 
the criteria and how to combine these values to obtain a prioritised order. 

The purpose of the prioritisation model is to construct a failure prioritisation. This list 
supports decision taking with respect to the observed failures. Decisions need to be made 
regarding whether a failure: 

needs immediate action in current products; 
is less important at this time, but an important aspect for next generation(s); 
is neglected, i.e. no action is being taken. 

5.3.1 Ranking methods 

Several ranking methods are developed for the earlier mentioned tools and methods. 
Here, special attention is given to methods proposed to be applied in prioritising FMEA 
results, since this method has been used as a starting point for the prioritisation model 
developed above. But the ranking methods can be applied to any situation where 
decisions need to be made based on more than one factor. The studied approaches 
include: MILSTD 1629A Criticality Number, the Risk Priority Number (RPN), the use of 
fuzzy logic to prioritise failures (see e.g. Moss & Woodhouse, 1999), conjoint analysis 
(Green & Srinivasan, 1990), fuzzy theory (Chan, Kao, Ng, & Wu, 1999), and the Analytic 
Hierarchy Process (AHP) (Chuang, 2001; Tan, 2003). A brief description of these 
ranking methods and variations is included in Appendix A, with respect to their 
applications, the used parameters and the way of ranking. 

Although RPN is the most used in FMEA, some drawbacks of its use can be mentioned, 
among which are the following. RPN uses intangible quantities, which are hard to 
evaluate. Also, it has been shown that analysts give different weights to critical criteria. 
RPN cannot measure the effectiveness of proposed corrective measures. Different criteria 
values can give the same RPN value, which does not mean in practice that failures are 
equally important. The mathematical calculation to obtain the number (multiplication) is 
questionable, hard to defend and oversensitive for variances in values (Braglia et al., 
2003). Due to the used 1-10 scale, values appear to be numeric but they are generally 
qualitative. For instance, 8 is not necessarily two times as severe as 4. The information is 
not on a ratio scale (as the multiplication suggests) but at most ordinal. RPN encourages 
the tendency to set an arbitrary boundary and ignore failures with an RPN below that 
boundary (Bowles, 1998). 

The Criticality Number assumes a constant failure rate for all components, which is 
generally not the case. Second, it depends on a geometric placement of items in the 
criticality matrix and a visual perception to identify the most critical components. While 
this works well for small numbers of components, an automated technique is needed 
when there are many components, which is usually the case. 

Fuzzy logic is considered to have several advantages compared to qualitative and 
numerical methods. The same linguistic variables can be used, but the evaluation criteria 
are represented by distributions which overlap. The outputs can be matched to rules in a 
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rule base, that later describes the risk for the system of each combination of the input 
variables (Moss & Woodhouse, 1999). Pelaez and Bowles (1994) state: "appropriate 
actions can be taken, even if the information on which they are based is vague, 
ambiguous, qualitative or imprecise." Although fuzzy logic is tedious to apply, the 
method could be computerized to make it a useful tool for relating RPNs (which are 
basically comparative) to defined criticality levels; or it could serve as a check on 
completed FMEAs (Moss & Woodhouse, 1999). 

Advantages of multi criterion decision making are that a potentially larger number of 
failure criteria can be used, it is possible to assign different degrees of importance to the 
criteria and the analysis can be made easier because of the possibility to use imprecise 
data in the form of fuzzy numbers (Braglia et al., 2003). 

Apart from these structured approaches, many decisions are still being made on intuition 
due to a lack of information or complete insight in the whole situation. This results in 
decisions made on a mix of gut-feelings, management by anecdote and some locally 
appropriate measures (such as repair cost, downtime impact or failure rate) (Moss & 
Woodhouse, 1999). 

5.3.2 Measuring criteria 

Regardless of the method chosen for the ranking, it is observed in the analysis in the 
section above that ranking requires that in some way a weight is given to every 
prioritisation criterion (where criteria can of course receive equal weights). Doubles the 
importance of a failure, when the number of consumers reporting it doubles? It depends 
on business choices how to weigh the criteria in the failure prioritisation framework. 
Therefore it is not possible to give guidelines for this issue in this report. Furthermore, 
the measurements used to analyse failures on the criteria are preferably expressed in 
quantitative measures. 

In Section 5.4, the prioritisation criteria will be expressed in measurable information 
requirements. Apart from the fact that it will become clear that it is difficult to objectively 
measure the criteria on a large scale, the ranking measurements need to be meaningful 
and comparable. Which failures to solve and which to ignore for the time being, is not 
only influenced by the failure impact (frequency and severity from both consumer and 
technical point of view), but also by time and money needed to solve the problem 
(correctability). The comparison between these two is the trade-off between a failure 
(which indirectly costs money) and preventing the failure (what probably costs money). 

In an ideal situation, all these failure aspects (criteria) are expressed in the same 
measurement, for instance in money. Therefore, it is suggested to use cost information to 
determine which failures should receive attention and when (this product, future 
generations?). According to Bowles (1998), it is probably not possible to develop a 
completely satisfactory ranking of items when no cost function is available. However, it 
leads too far for this thesis and requires further research to develop a tool to express 
consumer and technical severity in costs. Also, the costs of solving a failure are not 
information that is fed back into an organisation from the field, but will require analysis 
of the root cause and the design process. Gilchrist (1993) considered failure cost to form 
an expected cost model for FMEA predictions. However, this approach has seldom been 
used due to difficulties with estimating these probabilities. 

5.3.3 Suggested approach 

Goodman et al. (2002) proposed a method to deal with such a lack of detailed 
information in feedback information. Applying their approach to the prioritisation model 
in this research project, the following is proposed. Field feedback is used to determine the 
full range of problems encountered by consumers to pinpoint the range and impact of 
perceived failures: the consumer severity and the frequency of occurrence. 
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Based on this prioritisation, the complaints that are reported most often and as most 
important in the eyes of the consumer, are analysed and further investigated to determine 
the technical severity and costs of preventing the failure. This allows using the most 
detailed information and spending extra time and money on further investigation. The 
less detailed feedback is only used for determining the impact of a problem compared to 
other failures. The next section elaborates on that first analysis step: prioritising failures 
from the consumer point of view. 

5.4 Information requirements for field feedback 

This section deals with the question what is needed in the information sources to be able 
to compare failures on the above described criteria. Because this research project focuses 
on prioritising failures experienced by consumers, the remainder of this chapter focuses 
on collecting failure information and prioritising failures with field feedback. It has been 
shown that the consumer point of view is not structurally included in quality and 
reliability approaches. The proposed failure prioritisation model adds a consumer severity 
factor to the analysis. Therefore, this aspect will receive attention in the further analysis. 

The reported failures are studied offline in this project. As the researcher has no insight 
or information about the design process, the technical point of view criteria will be left 
out of consideration due to lack of knowledge to describe them thoroughly. In addition, 
the available case study material is field feedback. The data originates from consumers 
and is used to look at failures from the consumers' point of view. Therefore, this section 
derives the information requirements to evaluate field failures on the consumer point of 
view as depicted in Figure 5.2: the frequency of occurrence and the consumer severity. 

Technical point of view 

Technical 
severity 8 

Figure 5.2: Prioritisation criteria in field feedback 

5.4.1 Consumer point of view 
With the consumer severity and the frequency of occurrence, (only) the prioritisation of 
the reported failures from the consumer point of view can be established. Intuitively, 
failures that score high on both criteria, should receive the highest priority. Failures that 
occur least often and have low consequences from a consumer point of view, are ranked 
lowest. Such an approach can, however, not give a grounded answer on the question how 
to prioritise failures that score high on frequency and low on severity, and the ones that 
score relatively low on frequency but high on severity (see Figure 5.3). In these fields the 
technical point of view may help further prioritise the failures. 
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CONSUMER POINT OF VIEW 

low high 
Frequency 

Figure 5.3: Consumer severity and frequency of occurrence: 4 failure categories 

Furthermore, a second question arises. Can the fourth category - low consumer severity 
and low frequency of occurrence - in practice be simply considered unimportant? It is 
indeed, that is, it is from a consumer point of view. But some failure consequences might 
influence for instance product safety or functionality of other functions on the longer 
term. Also here, the technical point of view is thus a necessary part of the failure 
prioritisation model in practice. 

5.4.2 Frequency of occurrence 
Frequency can be interpreted in different ways. From one perspective, frequency is the 
number of times a certain consumer experiences a failure. How often does it occur? Did 
it happen only once; does it happen repeatedly, but not every time when the product or 
function is used, or constantly? From another perspective, frequency is the number of 
times a failure occurs at different consumers. 

In this research, the second interpretation is used: how many different consumers 
experience this problem? The reason is that the frequency of occurrence for a particular 
consumer (the first perspective) is in this prioritisation model (indirectly) included in the 
consumer severity of the failure. If the effects of a reliability problem only happen once 
for a consumer, but with high dissatisfaction, this will lead to a higher priority on 
consumer severity, than an often reoccurring failure that is not perceived as that 
important by the consumer. Also, the purpose of collecting the frequency of occurrence in 
this prioritisation is not to give engineers insight in the failure pattern by telling them 
how often a certain consumer experiences the failure. The frequency is used to analyse 
the importance from the consumer point of view, and is needed to be able to reason from 
the whole group of consumers. 

To be able to count the number of times a failure occurs at different consumers, it is 
required that the feedback gives enough information to determine whether two failures 
are equal or not. Ganesh (2006) described the concept of information granularity to 
measure the extent to which the information is broken down into smaller (more detailed) 
parts. See for instance the example in Table 5-1 below for a dvd-recorder (George, 2006). 
The levels o and I are based on the consumer process as described in Section 3.3 (Den 
Ouden et al., 2006). The following levels are based on the product fault tree. This 
breakdown into levels can be carried out further into subsequent levels. 
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Table 5.1: Information granularity, DVD-recorder example (George, 2006) 

Level o Level 1 Level 2 Level 3 
Consumer process Packaging Type 

Weight 

Size 

Installation Setting Connections 

Setting Channels 

Setting Date and Time 

Features iLink 

USB 

Show view 

Time shift 

Functions Playing Playing a DVD 
Playing a picture CD 
Playing an audio CD 

Recording Recording from TV 
Recording from VCR 
Recording from internet 

Editing 

The information on level 2 in this example (for instance: the function that is failing for 
the consumer) cannot be expected to always make distinction between two problems. For 
instance, a 'playing problem' can still refer to various different problems. In addition, it 
will not give enough information to engineers to determine a root cause and failure 
severity. Therefore, in the example above, product failures need to be counted on at least 
level 3 to determine the frequency of occurrence. 

This means for the information requirement for the frequency of occurrence, that not 
only information is needed about the part of the consumer process where the problem 
occurs, and not only about which product part, function or feature is related to the 
problem, but also what the problem is with that function, i.e. is it missing, not 
responding, broken, too complicated, et cetera. To be able to do this, it is suggested to 
make a schematic view of product features as the example above - for the particular 
product under investigation - as far as the available knowledge about failure modes 
reaches. Each failure will be evaluated on the highest level of detail possible. When a 
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product is scored in a certain failure category, where another failure already has been 
assigned to, the question is whether the failures are the same or not. When the failures 
are clearly not the same, then it is needed to make a further subgroup in the classification 
on the next level. 

5.4.3 Consumer severity 

The consumer severity reflects consumer's dissatisfaction regarding the effects of the 
failure. If a failure causes a total product defect, this will generally cause for most 
consumers more dissatisfaction than a product that does not meet all expectations. But in 
Chapter 3 it has been described that the relation between product performance and 
consumer (dis)satisfaction, is influenced by several factors, such as his expectations and 
personal characteristics. 

Oliver (1997) stated that many attempts to measure the importance of certain failures for 
satisfaction fail due to one of the following reasons. Firstly, the questioning of feature 
importance is often made without qualification ("Please rate the following on their 
importance."), or the importance question is qualified in terms of "buying this product". 
The question, however, should be what the importance is in delivering satisfaction. 
Secondly, surveys are frequently measuring another concept than satisfaction, such as 
liking / disliking, a judgement of goodness / badness, a quality scale of the poor-fair
good-excellent variety, "will you shop here again?", or a combination of measures. 

Table 5.2 (Chang, Liu, & Wei, 2001) shows how in applications of FMEAs the severity is 
evaluated on a I to IO scale. Here, severity is an assessment of how serious the effect of 
the potential failure is on the consumer/ user (Pillay & Wang, 2003). This evaluation is 
used in this research to evaluate - after the occurrence of a failure - how the failure affects 
consumer (dis)satisfaction. It provides an ordinal scale that can be used for the consumer 
severity in the prioritisation. 

Table 5.2: FMEA evaluation table for severity (Chang et al, 2001) 

Evaluation Ranking 

Customer will probably not notice r 

Slight annoyance 2, 3 

Customer dissatisfaction 4, 5, 6 

High degree of dissatisfaction 7, 8 

Safety/ regulatory consequences 9, ro 

Originally in FMEA the severity is measured on a I to IO scale. Instead of saying 'severity 
is 7' on this scale, it is often preferable to allow the user of the scale to express the severity 
as being high on a scale from Minor to Very-High, which, although imprecise, is more 
meaningful (Pelaez & Bowles, 1994). Therefore, the five levels of consumer 
dissatisfaction in Table 5.3 are proposed to evaluate the consumer severity in the 
prioritisation model. 

Table 5.3: Evaluation of consumer dissatisfaction 

Evaluation 

Consumer does or did not notice 

Consumer is slightly annoyed 

Consumer is dissatisfied 

Consumer is highly dissatisfied 

Consumer is extremely disappointed and indignant 

Failure prioritisation model 

Level 

2 

3 

4 

5 
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To make the scale more applicable to the consumer point of view - since it is in FMEA 
designed to allow product developers to rank possible failures - the evaluation 
descriptions are slightly adapted to the underlying situation, as can be seen in Table 5.3. 

A disadvantage of using this scale is that it might be difficult to obtain enough 
information to be able to objectively make the evaluation. This can be resolved by asking 
consumers to make this evaluation themselves, but this requires direct contact with the 
consumer. In addition, consumers may interpret the ranking in different ways, tend to 
always rate their own problems as important, and are often most influenced by the latest 
negative experience with a product. But first further research and application of the 
theory are needed before the question can be answered if this information can be 
collected within sources of consumer information. The case study in chapter 6 will 
provide a first exploration of the availability of the necessary information. 

Consumer actions 

Section 3.3 showed that consumers can act differently upon a failure. The choice of action 
is related to the degree of dissatisfaction of the consumer with the failure (which can vary 
among consumers for one particular failure), but also to other factors (Cho, Im, Hiltz, & 
Fjermestad, 2002-b): 

the importance of the purchase and the product type; 
personal / individual characteristics; 
the expected response time to get an answer and outcome expectancies; 
costs associated with complaining. 

The action of a consumer cannot be used to prioritise the importance of a failure from a 
consumer point of view, because the results can be highly influenced by other factors. 
However, the action is interesting in this context because of the following reason. In the 
next chapter (the case study), different sources of feedback sources, and their 
characteristics and differences, are described. Earlier research suggested that different 
sources might contain different and or additional types of consumer information. These 
information sources are created because of different objectives, and also reflect different 
consumer actions. Different sources capture different consumer actions upon failure, and 
have different reliability, thresholds and contents. In order to capture this aspect, the 
feedback is evaluated in the case study on the consumer actions that follow failures as 
well (see Table 5.4), although this measure is not part of the prioritisation from the 
consumer point of view. The categories are based on the consumer actions described in 
Section 3.3, including all identified possible actions. 

Table 5.4: Evaluation categories for failure consequences 

Category Description 

No action Consumer is dissatisfied but does not take action 

Loyalty Consumer is dissatisfied, does not complain but goes 
to other company in the future 

Image Consumer expresses dissatisfaction to third parties 

Direct complaint Consumer contacts manufacturer 

Return Consumer returns the product under warranty 

Note that this classification is not exclusive, i.e. multiple actions of a consumer are 
possible, connected to only one failure. A consumer might for instance express his 
dissatisfaction to other people and at the same time return the product. 

It falls outside the scope of this research project to further investigate and quantify the 
relations between consumer actions and consumer dissatisfaction, and to develop more 
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extensive or usable methods to directly evaluate failure information with respect to 
consumer dissatisfaction. 

5.5 Failure prioritisation model 

This chapter has identified four criteria for prioritising failures in consumer electronics. 
For two criteria, which look at failures from a consumer point of view, information 
requirements and measurement methods have been proposed. Furthermore, the process 
of ranking failures with these criteria is discussed. Ideally, the costs of the failure are 
compared to the costs of corrective actions, to compare the failure priority. However, at 
least at this moment, no complete set of measurements to quantify technical and 
consumer severity is available. 

For further analysis, this research continues by focussing on the consumer point of view. 
Evaluating of failures on consumer severity and frequency of occurrence (see Figure 5.4) 
is expected to provide (first) insight in failure impact on consumers. 
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Figure 5.4: Failure impact from consumer point of view 

To be able to apply the model in practice, the technical severity needs to be assessed, 
preferably for all failures, since the technical severity can be high for failures that are less 
important in the eyes of the consumer. In order to make decisions with respect to further 
actions, the correctability has to be estimated for those failures that have the biggest 
impact. It depends on the business situation and strategy which failures are selected in an 
analysis like in Figure 5.5. Then, it is possible to determine the failure priority and take 
appropriate actions where possible and necessary. 

Failure prioritisation model 
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Figure 5.5: Failure prioritisation by impact 
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The remainder of this research will deal with assessing the applicability of the 
prioritisation framework on field feedback and the usability and completeness of field 
feedback for failure prioritising from the consumer point of view. 
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6 Case study 

This chapter describes the case study with field feedback that is carried out as part of this 
research project. First, the objectives of the case study are described in Section 6.1. The 
information sources used in the case study and its characteristics are presented in Section 
6.2. The case study design is discussed in Section 6.3. Then, the case study results are 
given and analysed in Section 6-4- Finally, Section 6.5 concludes on the findings of the 
case study. 

6.1 Objective 

In the case study, the theoretical prioritisation model is linked to practice. Because the 
consumer point of view is an addition on current practices, it is unknown whether the 
necessary information to carry out the prioritisation is available and usable. The purpose 
of this case study is to explore two chosen sources of consumer feedback on the 
availability of this information. A case study approach has been chosen for this purpose, 
because it allows to look at large series of data and objectively analyse them on their 
contents. Since only two feedback channels are available for analysis for one single 
product in this research, the results of the case study cannot demonstrate indisputable 
that information is always or never available in these types of feedback. Nevertheless, this 
study is carried out to explore the availability of certain information, as a starting point for 
further research on the availability and collection of that information. 

The case study is also a first application of the proposed measurements for the criteria. 
Therefore, the opportunity to carry out a case study with the model is used as a validation 
step for further development of the measures in this context, as the measurements have 
not been applied in this particular context before. A low interrater reliability (high 
disagreement among evaluators) might indicate that the measurements are not 
unambiguous, apart from the question whether they measure what they intend to 
measure. Furthermore, if for a certain criterion and source most scores fall in the same 
category, either the available information is not detailed enough to distinguish the 
failures between classes, or the categories do not reflect the categories in practice. 

With the goals described above, the case study objectives are: 

Explore the availability of the necessary information to evaluate on the prioritisation 
model criteria. 

Validate the proposed measurement methods in those cases where sufficient 
information has been found to evaluate the failures. 

The purpose of the case study is not to prioritise the failures for the particular product 
used in this analysis, because of the following reasons. Firstly, the failures cannot be 
evaluated for all model criteria. The given time is not sufficient to carry out the case study 
with both the technical and consumer point of view. The insight and information about 
the product design, that are necessary to look at failures from a technical point of view, 
are not available to the researcher. Secondly, even if this were possible, then it would not 
be possible to validate the results since there is no 'correct' prioritisation available to 
which the results could be compared. Thirdly, and most importantly, the objective of this 
research project is not prioritising failures for a particular product, but developing an 
approach to prioritise failures for innovative consumer products. 
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6.2 Field feedback 

This section describes the potential of field feedback that has been recognized in research 
and practice and characteristics of the information used in this case study. 

6.2.1 Consumer information 
Field feedback, as defined in Chapter 2, can be any type of information from the market 
about a consumer and a product. This information can be positive, neutral, or negative. It 
can be directed directly towards the manufacturing company. But it has been shown in 
Chapter 3 that consumers have different options in case of dissatisfaction. It is possible 
that a consumer directs his complaint to another consumer. A consumer can also decide 
to take no action. Because of these options, the complaint rate in Figure 1.1 might be only 
the top of the iceberg of consumer dissatisfaction (Den Ouden, 2006): other sources with 
lower complaining thresholds, such as internet forums and word-of-mouth 
communication, could include additional and important product reliability information. 

Looking at the classification of options by Hirschman (1970), management discovers 
product failures via two feedback mechanisms: exit and voice. For a firm, feedback about 
products is not only important for learning about failures (Juran, 1951) and vital input to 
the new product development process (Fundin & Bergman, 2003). Especially for products 
with long purchase intervals, word-of-mouth and watchdog organisations can highly 
influence profitability (Oliver, 1997). According to Davenport, Harris and Khohli (2001), 
companies need to know nowadays more about multiple consumer types, and therefore 
there is a need for multiple types of consumer information. Companies are using more 
additional, less-traditional sources of information, as will be seen in this case study as 
well. 

The above mentioned word-of-mouth is a very potent source of information (Oliver, 
1997). For many consumers, the experiences and opinions of others carry much greater 
weight than other sources. This is said to be due to the fact that other consumers 
generally do not have a (financial) motive related to influencing the other person. 
According to Mattila and Wirtz (2004), negative word-of-mouth is boosted by anonymity 
founded in Internet chat rooms and bulletin boards, and the convenience of mass 
forwarding e-mails. Such passive feedback (not directly solicited by a company) has low 
costs compared to active solicitation. On the other hand, the company has no control over 
sample frame and non-response bias; the respondents are completely self-selected. 
Sampson (1998) assumed that consumers "with exceptionally positive or negative views 
of the company are more likely to respond than the customer in general." This means 
that the data, although biased, is more likely to identify reliability problems. 

Some different sources of feedback have already been mentioned. Examples of 
information sources are: service centre data, helpdesk / call centre data, internet data, 
trade, and test data obtained during product creation process. Feedback can vary in 
quality (how detailed and how reliable is the information? is it useful?) and in speed (how 
much time does it take between failure occurrence and arrival of feedback at another 
party?). Different types of field feedback will contain different information, with different 
levels of details, from different consumers and with different characteristics. 

6.2.2 Case study information sources 
In this case study, two types of these sources will be used, for several reasons. It would 
not be possible within the time limits of this research project to evaluate all or a large 
number of feedback channels. In addition, that would require having all sources available 
- about preferably one single product - in order to be able to make a prioritisation with all 
available failure information. Verschuren and Doorewaard (2005) discussed strategies in 
choosing case study material. They suggested to choose data sources that are either most 
alike or differ most possible, depending of the case study objectives (strategic sampling). 
This case study is meant as an exploration of the content of field feedback - to see 
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whether the consumer point of view information needed to prioritise is available. 
Therefore two information sources are chosen that are expected to differ to a large extent 
with respect to their format and contents, in order to obtain a broad first exploration. 

These two sources in this case study are a call centre database and internet discussion 
forums on an innovative, electronic consumer product. Both sources do not contain active 
feedback, because the company has made no request for the information. The call centre 
database contains unsolicited feedback, where the feedback in internet forums can be 
unsolicited or third-party solicited since visitors ask each other for reactions (Sampson, 
1996; Finch, 1999). Because the complaining behaviour, motives, and thresholds are 
different, different information is expected in the data sources. 

Call centre database 

The call centre database contains information about consumers that contact the helpdesk 
by telephone or e-mail with questions and/or complaints about the product. The call 
centre database consists of several structured fields and free text information, both 
entered by call centre agents. Therefore, the 'voice of the customer' has been interpreted 
and perhaps edited, summarized or omitted by the call centre agents. This might have 
resulted in information or quality losses. This is enforced by the fact that the purpose of a 
call centre generally is to help consumers with questions as fast as possible. Performance 
is often measured on time and costs. Entering detailed information in the databases is in 
many cases not rewarded, and consumers are not willing or encouraged to provide more 
details than needed to help them. 

Internet discussion forums 

The internet forums contain information from consumers about the same product as the 
call centre databases, but directed to third parties. With third parties, others than the 
consumer himself and the manufacturing company (including helpdesks, service centres, 
et cetera) are meant. Internet discussions have been described as a very potential source 
for consumer information and feedback by, among others, Finch (1999). Problems and 
experiences are discussed in free text format. Generally, the only imposed structure is 
that conversations, and sometimes groups of conversations about similar products and 
problems, are grouped into topics (threads). This results in relatively unstructured data. 
Nevertheless, the discussions contain rich information about the consumer background, 
product use, emotions, and environment - because while trying to get an answer from 
other forum visitors, a lot of possibly important information is sometimes provided. The 
internet discussions in the case study are collected from various forums, in order to limit 
influence of certain types of consumers visiting certain forums. All forum threads 
regarding the case study product are collected for the case study from these forums. 

6.3 Case study design 

This section describes how the case study is carried out and discusses the reliability and 
validity of the case study. It describes the protocol used by the evaluators and the analysis 
method that will be used to analyse the results. Also, the expected outcomes are 
presented. 

6.3.1 Measurement methods 

The call centre database and the internet discussion forums will be evaluated on the 
frequency of occurrence and the consumer severity. In the previous chapter, 
measurement methods for these criteria have been proposed. To determine the value of 
the case study results, the following issues are important. 

The steps taken during the conduction of the case study are described clearly in the 
protocol, in order to allow others to understand the procedure and repeat it. This 
improves controllability of the analysis. 
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Two different feedback sources are used to improve the internal validity of the 
exploration by data triangulation. In addition, internet discussions are collected from 
various internet forums and call centre data from different operators, countries and 
dates are used at random. 
The evaluation of the information sources on the criteria is carried out by three 
evaluators. This reduces possible influence of subjectivity and misinterpretations. A 
measure for the interrater reliability is calculated for the evaluations, to obtain insight 
in the reliability of the evaluations. 

The interrater reliability and the measurements methods used for determining the 
availability of the needed information are discussed into more detail below. 

Interrater reliability 

In order to improve the level of reliability, the evaluation will be carried out by - apart 
from the researcher of this project - two other students. This triangulation can also 
identify points of confusion during the evaluation process. When evaluations are spread 
heavily among the researchers, attention needs to be given to possible causes for this 
variation. 

The use of three evaluators allows calculating the interrater reliability after the analysis. 
Fleiss' kappa is a statistical measure for the interrater reliability. It can be applied to any 
constant number of raters (in this research: 3) that rate a fixed number of items to 
categories (Fleiss, 1971). This means, that the interrater reliability can be calculated for 
the measured frequency of occurrence, for the consumer severity, and for the consumer 
actions. The resulting value indicates the degree of agreement (consistency) reached 
above chance. If for instance only the percentage of agreement would be calculated, the 
amount of agreement that can be expected by chance would not be taken into account. 

The value is calculated by the formula: 

With: 
n number of ratings 

m number of raters 

xij the number of ratings on record i into category j, with i = 1, ... ,n and j = 1, ... ,k 

pj the overall proportion of ratings in category j 

qj l -pj 

Then, the value of the interrater reliability needs to be interpreted. Landis and Koch 
(1977) proposed an interpretation as in Table 6.1, which will be used as a benchmark in 
this research. 
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Table 6.1: Interpretation of interrater reliability 

K 

<O 

0 .0 - 0.20 

0 .21 - 0.40 

0 .41-0.60 

o.6I- 0.80 

0.81 -I.0 

Interpretation 

Poor agreement 
Slight agreement 

Fair agreement 

Moderate agreement 

Substantial agreement 

Almost perfect agreement 
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However, the values need to be interpreted with care. It should be mentioned that others 
state that the use of this guideline may be more harmful than helpful since the number of 
categories and subjects will affect the magnitude of the value (Gwet, 2001). Furthermore, 
it can be derived from the formula that the value for Pleiss' kappa will increase with fewer 
categories (Sim & Wright, 2005). 

Frequency of occurrence 

In the prioritisation model, the frequency of occurrence is used to count the number of 
equal failures, by classifying failures on the highest level of detail needed to determine 
whether two failures are equal or not. For this purpose, the previous chapter proposed to 
classify failures according to the moment in the consumer process where the failure 
occurs and then further on the product component, aspect, function or feature that fails 
in the eyes of the consumer (see for instance Table 5-1). The possible failure modes will 
depend on the product that is analysed so it is not possible to give a complete 
classification scheme for determining frequency of occurrence in the prioritisation 
model. For constructing the possible failure modes, a fault tree approach is suggested as a 
structured way of identifying failure categories and breaking them into levels of higher 
detail. However, the purpose is not to construct a sequence of causes and effects of 
failures, as in fault tree analysis. 

In the case study analysis, the classification table has been constructed by the researcher, 
based on the consumer process and an analysis of possible failures. Since the researcher 
does not have detailed knowledge about the particular product, analyses provided by the 
manufacturing company of identified failures (in both call centre data and internet 
discussions) have been used, in order to make the list as complete as possible. Still, it is 
expected that during analysis the evaluators will identify failures that are not specified in 
the classification scheme. However, the purpose of the case study is not to obtain a 
complete frequency list. The objective is to give insight in whether there is enough 
information available to obtain the frequency of occurrence of failures. Therefore, the 
evaluations are used to determine the level of detail at which the evaluators rate the 
information. When the classification scheme is not detailed enough for a failure, one 
further level is added in the scheme. This means that the information is detailed enough 
to classify the failure on this level. 

This analysis results in scores for every failure on a certain level of detail, given the 
classification scheme, from o (consumer has a failure, but that is all the information 
available) until level 4. The higher the level of detail agreed among the evaluator, the 
more likely it is expected to be that the information is detailed enough to count the 
frequency of occurrence. Therefore, in the analysis of the results, the level of detail scored 
is discussed. 

It is recognized though, that in order to be sure of the possibilities to count the frequency 
with the given data, complete evaluations of datasets with failures have to be carried out 
with a complete classification scheme. It leads however too far for this research to 
construct and carry out such an analysis for one particular product. 

Consumer severity 

In the failure prioritisation model, it is proposed to obtain an indication of the consumer 
severity by evaluating failures on a five level scale, representing five levels of 
dissatisfaction resulting from that failure. The classes have been applied previously in 
FMEA analyses (Chang et al, 2001), but have not been used in evaluating field feedback 
before. The information provided to the evaluators may not be clear or complete enough 
to unequivocally classify the failures on this scale. Because also unavailability of 
information is important in this case study, a sixth class is added to the measure, labelled 
'no information about consumer dissatisfaction available'. 
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Consumer actions 

The actions of consumers as a response to failures are also analysed. This is not part of 
the prioritisation model, but as has been argued before might provide insight in how 
different consumer actions are related. This could be used in linking complaints reported 
in one feedback channel to feedback through another. The categories are constructed 
from possible actions reported by various studies, but the five categories have not been 
previously applied in this form to evaluate information and also here the available 
information might not be complete or specific enough for the evaluator. It is suggested to 
further develop this measurement if information about actions is found to be available in 
the feedback. 

6.3.2 Case study evaluation process 
This section describes the process by which the case study has been carried out. 

The evaluators are provided with the two information sources. These are prepared, which 
means that each instance of the databases either contains one contact of a consumer with 
the helpdesk (either email of telephone call(s), or one thread on a discussion forum. Every 
instance is numbered by the researcher, in order to allow easy aggregation of the 
evaluations of the three raters. 

For each instance, the raters need to evaluate consumer severity. This means that they 
need to asses the data on a six category scale, according to the five categories in Table 5.3 
and a sixth class 'no information available'. 

Then the evaluators determine which action(s) the consumer has undertaken as a 
consequence of the failure, using Table s+ There are five possible categories given, from 
which one or more options can be chosen. For the call centre database, in every case the 
consumer has chosen for the action 'direct complaint', because the consumer always has 
contacted the manufacturer. (The call centre is considered the same party as the 
manufacturer. Although in some cases call centre services are outsourced, consumers do 
not know if this is the case and will feel that they have contacted the manufacturer.) So 
this action has already been chosen for all call centre entries. Similarly, the internet 
discussion forums are considered as contacting third parties. Therefore, all these entries 
are evaluated as 'image' already before carrying out the case study. The evaluators are 
asked to choose an additional category whenever information indicates that this action 
has been taken or will take place. 

Furthermore, the frequency of occurrence of failures is evaluated. It has been argued that 
in order to be able to count the frequency of occurrence, it is necessary to decide whether 
two failures are the same or not. The evaluators classify every failure on a classification 
scheme based on the consumer process and failure modes identified by the 
manufacturing company in earlier feedback analyses. But since it is not possible to 
foresee every failure on forehand and construct the complete product state space for every 
single consumer, the table could not be made detailed enough to carry out this operation. 
It is possible that a failure is classified in a category, where another failure already is 
placed. However, when there is information available that can be used to make distinction 
between the failures, the level of detail of the table needs to be extended. Because it is 
undesirable that the table needs to be redrawn various times during the analysis, the 
evaluators are asked to categorise the failure on the best level of detail possible. When 
more information is available and further classification can be made, the researcher can 
add this as a free text comment. 

6.3.3 Expectations and analyses 
This section describes the expectations with respect to the availability of the needed 
information in the considered feedback sources. Also, it will be discussed how the results 
of the case study are analysed with respect to the availability of that information. 
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Frequency of occurrence 

Based on earlier research by for instance Finch (1999) and George (2006), it is expected 
that the internet discussions contain detailed information about the problem, allowing to 
classify failures and to count the frequency of occurrence of each (equal) failure. The call 
centre database also requires the agents to choose a failure category. However, it remains 
to be seen in the case study if this is enough to determine the frequency of occurrence on 
the same level of detail as the other source, in order to determine the overall frequency of 
occurrence of a failure over all data sources. 

The case study will be used to determine the level of detail in the classification scheme of 
the described failure in both sources. A higher level of detail is assumed to be an 
indication of more availability of the needed information to count the frequency of 
occurrence of failures. 

Consumer severity 

The first class in the measurement is not expected to be reflected in feedback, since a 
consumer will probably not complain about something he has not noticed. It has been 
argued (Sampson, 1998) that the more dissatisfied the consumer is, the more likely he 
will complain. But there is no theoretical background that one of the other four categories 
is more related to an information source than another, at least not for the information 
sources in this analysis. Also, consumer actions are not only influenced by the level of 
dissatisfaction. 

It is expected that it will be difficult for evaluators to assess the dissatisfaction of 
consumers, due to limited information. There is no possibility to ask questions and more 
importantly, it has not been defined exactly which words, comments, and information 
lead to which category. The expectation is therefore that for many complaints, no 
evaluation class can be chosen by the evaluators. 

The percentage of complaints where no information at all is present to indicate or 
distinguish among classes and the percentage of complaints where this type of 
information is found, are used to indicate the availability of the required information. 

Consumer actions 

It is expected to find in the internet discussions, apart from image, that in some cases 
information is given about loyalty, direct complaint, or return. In the call centre data, apart 
from direct complaints, hardly any indications of actions are expected to be found. Overall, 
it is assumed that consumer action information will not be found very often in the data 
sources, for the following reasons: 

No action is a possible category, but cannot be seen in feedback. 
Loyalty is a longer term decision, and not a decision always made already at the 
moment of complaining. 
Image can be seen when the complaint is made to another party, but there is no need 
for a consumer to tell this in case of calling a helpdesk, so in other feedback sources 
not much information is expected. 
Direct complaints will be reflected in feedback directed to the manufacturer. Perhaps 
consumers mention calling the helpdesk in other complaints, but it cannot be 
expected that this information is always provided because it is generally not asked for. 
Information regarding return is not expected in the call centre data from the 
consumer, because he will call or contact the company in some way before the 
decision is made to return the product instead of afterwards. When a consumer is told 
by the call centre agent to return the product, it is assumed that this will happen. But 
this is expected to be for repair or to obtain a better working product. The category 
return here refers to products return under warranty, where the consumer's money is 
returned. 
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The consumer actions are analysed as follows. Analogue to the analysis for the consumer 
severity, the percentage of complaints where no action - apart from the action 
corresponding directly to the information source - is identified, is calculated. The higher 
the percentage, the less information is available, although it might also indicate that 
consumers choose for only one action at one time. For those complaints where an 
additional action is identified, it will be analysed if there is a relation between the 
feedback source and the chosen additional action. This could indicate that consumers 
tend to choose for certain actions together. 

6.4 Case study results 

This section describes the results of the case study. First, some observations about the 
evaluation process are discussed. Then, for all three measured concepts, the results of the 
case study are analysed and linked to the expectations before the case study: 

Is the needed information present in the feedback sources? 

And if information is found, is there agreement among the raters about the score? 

6.4.1 Evaluation process 
The case study has been carried out with the three raters as described above. Afterwards, 
the three evaluations on each of the three criteria for the two databases are collected. This 
section mentions some observations and choices that were made during the case study. 

During the evaluations, it was observed that not every call or e-mail to the call centre data 
base was made because of a complaint. The same applies for the comments made on 
internet forums. The feedback contains requests for information about specifications of 
current and future products, compatibility with other products, expected release dates and 
points of sale. Furthermore, users share their experiences with the products on internet 
forums, which can be negative, but also neutral or positive. 

This is potentially valuable information. In the consumer process (Den Ouden et al., 
2006; see Figure 3.7), such requests are related to the pre-sales and point of sales phases, 
which can lead to dissatisfaction with respect to product promise, location, and 
attractiveness. Where certain product aspects can be reason for dissatisfaction for 
consumer A, the same aspects might be delighting features for consumer B. That makes 
it interesting to obtain feedback on what consumers like, apart from what they do not like. 

When confronted with this kind of feedback, however, it has been decided to exclude it 
from the evaluation in this case study. The prioritisation model in this research has been 
developed for failures, not for prioritising consumer needs for instance. For this purpose, 
other methods like QFD are proposed. The criteria for evaluation in the prioritisation 
model - the frequency of occurrence of a failure, the consumer dissatisfaction due to a 
failure, and the consumer actions following a failure - are only suitable to evaluate 
failures. Therefore, the researchers are asked to mark the feedback that does not report on 
a failure and evaluation on the criteria for consumer point of view is not carried out. 

In the internet discussions on forums about the product, is has been observed that in 
addition to the topic starter, other people not only try to answer questions that may be 
asked, but also sometimes give additional information or mention their own problems 
that might or might not be the same issues. To be able to understand the conversation, all 
reactions have been read by the evaluators. But only the information given by the topic 
starter (in the opening post and, when available, following posts) is evaluated. 
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6.4.2 Case study evaluations 
This section presents the results for the evaluations. The evaluations itself are included in 
Appendix B. Also, the Pleiss' kappa is calculated to quantify the level of agreement 
between the raters in the case study. Table 6.2 shows the values for the statistic for both 
feedback sources and the three evaluations separately. These will be discussed for every 
criterion separately. 

Table 6.2: lnterrater reliability (Fleiss' kappa) in case study 

Call centre database 

Internet discussion 
forums 

Frequency of occurrence 
(granularity level) 

K =0,69 

K =0,39 

Frequency of occurrence 

Availability of information 

Consumer severity: 
dissatisfaction 

Consumer severity: 
actions 

Notenoughinformation Notenoughinformation 

K = o,88 K = 0,60 

The information granularity has been evaluated to obtain insight in the availability of 
information to determine the frequency of occurrence. Figures 6.r and 6.2 show the 
resulting levels of detail for all evaluations, for the internet forums and the call centre 
database respectively. Although the reached level cannot always be a guarantee for being 
able to decide whether two failures are the same or not (sometimes level 2 might be 
sufficient, in other cases level 4 information might be not), in the majority of evaluations 
a level 3 has been reached. For grouping similar or almost similar failures in a first 
prioritisation, this is expected to be detailed enough. 

Comparing the two figures, it is seen that the overall level in the internet discussions is 
higher. In addition, in more cases level 4 information is given. This difference is expected 
to be due to the fact that the information in the call centre database is provided by the call 
centre agents. Maybe they have asked for more information during the telephone call, in 
order to be able to help the consumer, but not all the detailed information is collected. 

Figure 6.1: Granularity level Onternet discussions) 
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Figure 6.2: Granularity level (call centre) 
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Validity of measurements 

The interrater reliability for the frequency of occurrence must be interpreted as follows. It 
calculates the agreement among raters with respect to evaluating a failure on a certain 
level of detail. Every failure is classified on level o, 1, 2, 3 or higher. The value (0,69) 
shows that there is substantial agreement about the level of detail provided in the call 
centre data. The value for kappa for the internet discussions is significantly lower, 
reaching only a fair level of agreement. One possible reason can be that the information 
in the internet discussions is less structured and more extensively written. This might 
have made it more difficult for the raters to interpret what is exactly the problem. 
Furthermore, the kappa value can be influenced by the lower number of evaluations 
made in this category (disagreement in one particular case has higher influence). 

However, it is important to see that the used classification (information granularity levels) 
is not nominal information, as Pleiss' kappa assumes, but ordinal. If 2 raters classify a 
failure on level I and level 4, or on level 3 and 4, does not influence the value for kappa. 
Nevertheless, for this research project there is. The first example reveals a higher 
uncertainty and variation in the evaluation than the second. The obtained kappa values 
might for this reason suggest a higher agreement on the level of detail than actually 
reached. 

A complete classification of failures will make it easier for raters to classify failures and 
evaluate the level of detail of the information. This is also needed to really count the 
number of equal failures for the frequency of occurrence criterion in the prioritisation 
model. 

Consumer severity 

Availability of information 

This section reports the results of the case study on the evaluations of the consumer 
dissatisfaction with a failure. 
Figure 6.3 and Figure 6.4 show the percentages of evaluations in the 5 dissatisfaction 
categories and the percentage of failures where no information has been found about the 
dissatisfaction. 
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Figure 6.3: Consumer dissatisfaction (internet discussions) 

cat. 2 
24% 

Figure 6.4: Consumer dissatisfaction (call centre) 

cat.41% cat. 2 0% cat. 3 0% 
cat.1 0% 

no infonnation 99% 

In the call centre feedback practically no information is found with respect to the 
consumer dissatisfaction. In the internet discussions this was only the case in 28% of the 
complaints. A possible explanation for this result is that the information is collected by 
the call centre agents. It is not important for them to collect statements from consumers 
with respect to their dissatisfaction. On the other side, it is expected that consumers 
complaining on for instance an internet forum, provide more information about how they 
perceive a failure. They have higher feelings of anonymity and the threshold to share your 
feelings with third parties might be lower than directly to the company. People call the 
helpdesk because they seek assistance, and generally people do this in a more polite way. 
Despite the different results, also the information present in the internet discussions on 
the dissatisfaction appears to be limited. 

Validity of measurements 

No kappa value has been calculated for the consumer dissatisfaction evaluation in the call 
centre data. For the 97 evaluations (that remained after omitting positive and neutral 
feedback), every rater only found two times information with regard to the dissatisfaction, 
spread over three different instances. Because of such a low number of evaluations, this 
value would give no information. 

In the internet discussions evaluations, the evaluators found more information about 
consumer dissatisfaction and classified this information in all possible categories. The 
interrater reliability of o.88 indicates a high level of agreement about the dissatisfaction 
category. Nevertheless, the raters reported difficulties with choosing among the 
dissatisfaction levels. Firstly, this is related to the subjectivity of the measurement. It has 
not been defined which information exactly should cause feedback to fall in which class. 
Another observation is that most feedback contains only one sentence or a single remark 
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about the dissatisfaction. This makes the sensitivity for different interpretations higher. 
More information about the dissatisfaction needs to be collected to be able to draw 
founded conclusions. 

Consumer actions 
Availability of information 

In the call centre evaluation, only once information was provided by a consumer with 
regard to his actions. This consumer told in an e-mail to the call centre that he was going 
to advice other people on the internet not this buy this product nor other products from 
the company. Perhaps more of this information is given during phone calls, but this is 
not collected at this moment. For the internet discussions, in 11% of the evaluated 
feedback an additional action is mentioned. In almost every case this is a consumer that 
tells about his problem on the internet or asks if anyone knows a solution, but also 
mentions having contacted the company in some way before - most of the times without 
receiving a satisfying response. 

Based on the results of the evaluation, it appears that information about consumer 
actions is not collected and is also hardly provided. Therefore, it is not possible to collect 
this information, at least not from the evaluated information sources. 

Validity of measurements 

Apart from the 'direct complain', it was not possible to obtain insight in other actions by 
consumers out of the call centre data. Only in one case, two raters identified an additional 
action. The internet discussions apparently contain more information about other 
consumer actions than the call centre data, but also here only for 7 reported failures an 
additional action (apart from complaining to third parties) was identified out of 44 
evaluations. The interrater reliability shows a moderate agreement, but given the low 
number of evaluations and the fact that the evaluations are spread over only 2 categories 
('direct complaint' and 'no information'), further research is needed to determine the 
validity of this measurement. 

6.5 Case study conclusions 

This section discusses the results that can be drawn from the case study. The first 
objective of the case study is to explore the availability of information to evaluate failure 
information on the prioritisation criteria from a consumer point of view. As stated in the 
beginning of this chapter, only two different feedback sources could be evaluated for one 
single product. Further investigation is needed for other products and feedback sources to 
make valid statements about the availability of information. Based on the case study, the 
following conclusions are drawn: 

Frequency of occurrence: With respect to the analysed information, this case study 
shows that both the internet discussions and the call centre database describe failures 
on a reasonable level of detail. The information in the internet discussions is more 
detailed. However, it is not sure if this information is provided to helpdesk operators 
as well, but not included in the database. Stimulating operators to register more 
details, and ask for more information, could improve the level of detail. 

Consumer dissatisfaction: Furthermore, the case study was not able to evaluate the 
consumer dissatisfaction for many of the reported failures. Information is not 
collected in the call centre databases, and when information is given in the internet 
discussions it difficult to interpret. To use this information in the prioritisation 
model, more details about consumer dissatisfaction need to be collected through 
these or other information sources. 

Consumer actions: Additional consumer actions were not structurally found in the 
feedback information. Consumers are not stimulated to provide this information. 
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Although this information has not been included in the failure prioritisation model, it 
could provide additional insight in consumer complaining behaviour. For further 
research on this subject, more extensive information gathering about consumer 
actions is needed. 

The second objective of the case study is to validate the proposed measurement methods 
for the prioritisation criteria from the consumer point of view. 

Frequency of occurrence: As was expected, the constructed failure classification model 
to count the frequency of failures was not complete enough to evaluate every failure 
on the highest level possible, but it allowed the evaluators to distinguish failures. The 
interrater reliability of the level of granularity was fair to substantial. For applying the 
prioritisation model in practice and counting equal failures, the classification scheme 
needs to be extended. The results of the case study could be used for this purpose if it 
concerns the same product, since the evaluators indicated where the classification 
scheme was not detailed enough. 

Consumer dissatisfaction: The measurement scale for consumer dissatisfaction could 
not be validated with the call centre data due to lack of identified information about 
consumer dissatisfaction. In the evaluations of the internet discussions, a high 
interrater reliability has been reached, indicating that the measurement could well be 
applied by the researchers on the information. However, the measurement scale 
needs to be applied on larger amounts of data to validate the measurements. 

Consumer actions: The raters did hardly find information about consumer actions. The 
measurement scale still needs further testing before it can be used in practice. 
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7 Conclusions and recommendations 

This chapter reflects on the research objective of this research. It gives the conclusions 
that can be drawn with respect to the research question and gives recommendations for 
further research. 

7.1 Conclusions 

The research question is "How to prioritise product failures for innovative consumer 
products?" This report has identified what is important in designing such a prioritisation 
model, derived criteria for evaluating information and discussed ranking methods to 
prioritise failures. Summarizing, the following conclusions can be drawn: 

Given the increasing importance of non-technical failures in consumer electronics, a 
consumer oriented view on reliability needs to be taken. Therefore, the prioritisation 
model needs to include both technical and non-technical product failures. 

There is a need to prioritise field failures, given the observations that not every failure 
can be foreseen and prevented due to uncertainty, complexity, costs, and time 
pressure. A gap has been identified in learning from failures in the field and 
prioritising these failures is therefore required. 

Traditional methods look at product failures from a technical point of view. To 
prioritise failures under current circumstances, with decreasing consumer tolerance 
and increasing numbers of non-technical failures, the severity for consumers needs to 
be evaluated for failures. 

However, it is not advised to prioritise failures only on their impact from the 
consumer point of view. A prioritisation method that evaluates failures on both a 
consumer and a technical point of view is suggested. 

In order to be able to make decisions with respect to solving a failure in current 
products, in future generations or not at all, information is needed regarding the 
correctability of failures. 

If available, cost functions of failure severity from consumer and technical point of 
view, and cost estimates of corrective actions can be used as measures to prioritise 
failures and corresponding actions. 

Furthermore, in the performed case study it has been seen that: 

The analysed information is detailed enough to obtain the frequency of occurrence of 
failures. The internet discussions provide more detailed problem descriptions than 
the call centre operators. 

The measurement method for frequency of occurrence resulted in a fair to substantial 
agreement among raters. Further research is needed to investigate whether the 
measurement can be improved by using a completer failure classification scheme to 
determine the frequency of occurrence. 

Feedback information about consumer severity is not sufficiently collected or 
available in the analysed call centre data and internet discussions to prioritise failures 
on the consumer severity. 
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For those cases where information about the severity was available, the interrater 
reliability of the evaluations in the case study was good. However, due to the limited 
number of evaluations, no conclusions can be drawn with respect to the validity of the 
measurement. 

The analysed internet discussions and call centre data do not provide information on 
consumer complaining behaviour. 

Hence, the measurement for consumer actions could not be validated. 

7.2 Generalisation of results 

By not limiting the research to one single product and company, this research has 
resulted in a failure prioritisation model for failures in innovative consumer electronics. 
Now it becomes interesting to know if conclusions are applicable to other types of 
products, for instance less innovative products, services, or product for business markets. 
Decisions in this report have been based on current circumstances in consumer products. 
In those cases where for other products the same circumstances apply, results can be 
generalised. Moreover, it is argued that the prioritisation model also holds when non
technical failures do not constitute to such a large extent to product failures, because the 
model does not need assumptions with respect to the ratio technical and non-technical 
failures in products. 

7.3 Recommendations for further research 

Due to limitations in time and available data, certain limitations had to be set to this 
research project. This leaves a number of opportunities that have risen during this project 
for further research. In addition, the results of this project lead to suggestions for further 
research steps. 

The theoretical model could not be fully tested in practice. Application in practice is 
needed to further refine definitions of concepts in the model and the usability of the 
criteria. 

Only for two prioritisation criteria, information requirements could be defined and 
applied in the case study. Further research is needed to develop measurements for the 
correctability and the technical severity. 

Also for the criteria from the consumer point of view, research is needed to further 
refine the measurements. There is especially need for a method to measure (and 
quantify) consumer (dis)satisfaction. 

The case study explored the availability of information to prioritise from a consumer 
point of view. Additional research and data triangulation is required to know what 
information is available in these and other information sources and how extra 
information can be obtained. 

Apart from collecting enough information for prioritising failures, the timeliness of 
information needs to be studied, in order to be able to prioritise failures as fast as 
possible. 

Information has been evaluated by three evaluators in the case study. Manually 
analysing feedback information has shown to be very time-consuming and labour
intensive. When information measurements are further developed, data mining 
techniques might become interesting to improve collection methods of information. 

As it is not expected that all prioritisation information can be collected from one 
information source, failure information needs to be combined from various sources 
in order to prioritise. Research, for instance in the area of data fusion, is needed with 
respect to the possibilities of combining information from different sources. 
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Appendix A FMEA ranking methods 

Criticality Application Criteria/ Ranking 
analysis ranking parameters 

methods 

Risk Priority FMEA. Due to its simplicity RPN = Probability of The three parameters are 
Number (RPN) RPN is preferred by occurrence * ranked on scales I-IO (with the 
(Onodera, 1997) manufacturing industries likelihood of use of evaluation tables or 

(automotive, domestic Detection during linguistic scoring criteria (see 
appliances) (Braglia et al., design and Pelaez and Bowles, 1994; 
2003) Adaptable to almost manufacture * Braglia et al., 2003)) and the 
every aspect of industry, for Severity of failure product gives the RPN 
instance in the evaluation of effects (= P*D*S) 
reliability, maintenance, (Moss and 
operability and safety in the Woodhouse, 1999; 
areas of electronics, Braglia et al., 2003) 
automobiles, consumer 
products, electrical generating 
power plants, building and 
road construction, 
telecommunications (Onodera, 
1997) Mainly manufacturing 
and use phase (inspection) 
(Onodera, 1997) 

Criticality FMEA. Mostly used in the CN = Probability of CN = Probability of occurrence 
number(CN) aerospace, nucleon, and occurrence of failure of failure mode * Failure effects 
(Mil.Std.1629A) chemical industries (Braglia et mode* Failure = a,*~r*Ap*t with a: failure 

al., 2003) Mainly applied in effects (Braglia et al., mode ratio, ~: failure effect 
design, development and 2003) probability, t..: failure rate and t: 
construction stages (Onodera, operating time (Braglia et al. , 
1997) 2003) 

Risk Priority Alternative for RPN and CN in Same as RPN The 1000 (RPN) combinations 
Rank (RPR) FMEA are tabulated by an expert in 
(Sankar and order of increasing risk. These 
Prabhu, 2001) rules determine the RPR with 

the given occurrence, severity 
and detectability values (Sankar 
and Prabhu, 2001) 

Fuzzy rule base Alternative for RPN and CN in Depends on A fuzzy rule base is used to 
and Grey FMEA application, for rank the potential causes 
relation theory instance (Pillay and identified within the FMEA, 
(Pillay and Wang, 2003): which would have identical 
Wang, 2003) Occurrence, Severity RPN values but different risk 

(hazard) , implications. The approach 
Detectability (see then extends the analysis to 
RPN) include weighting factors for P, 

S and D using defuzzified 
linguistic terms and grey 
relation analysis 

Pioneer 5 factors Alternative for RPN and CN in c1: Degree of The risk priority number is 
(Pioneer, 1980) FMEA importance affecting obtained with the equation: 

the functional Cs=5✓(C1xC2xC3xC4XC5) where 
failure. C2: Affected the result falls into one of 4 risk 
range of the system levels for Cs (higher Cs 
c3: Frequency of the corresponds to lower risk) 
failure 4: Possibility 
of prevention c5: 
Difficulty of 
changing the design 
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Grey theory Grey system theory has been Depends on Engineers allocate the relative 
(Chang et al., widely used in many fields, application, for importance to the design factors 
2001) such as optimisation, instance same as based on the research and 

engineering, geomechanics, RPN (Chang et al., production strategies. For 
economy, history, geography, 2001) instance, as proposed by Ben-
traffic, and management Daya and Raouf (1996), using 
(Pillay and Wang, 2003) In the RPN criteria, the chance of 
grey systems, the information, occurrence can be given more 
such as operation, mechanism, weight 
structure and behaviour, are 
neither deterministic nor 
totally unknown, but are 
partially known. It explores 
system behaviour using 
relation analysis and model 
construction. It also deals with 
making decisions 
characterised by incomplete 
information 

Fuzzy logic Widely used in e.g. describing Depends on Parameters are represented as 
(Bowles & the behaviour of inherent application, for members of a fuzzy set, 
Pelaez, 1995) uncertain systems, for instance instance same as combined by matching them 

manipulating linguistic FMEA RPN (Moss and against rules in a rule base and 
terms (Fonseca and Knapp, Woodhouse, 1999; then defuzzied to assess the risk 
2001) Pillay and Wang, of failure (Moss and 

2003) Woodhouse, 1999) The rule 
base is based on expert 
knowledge. It uses a parameter 
scale from minor to very-high 
(instead of the 1-10 scale), this is 
considered (also) imprecise, but 
more meaningful (Pelaez and 
Bowles, 1994) 

Fuzzy TOPSIS Multi criteria decision making Same as RPN Failures that score most 
(Braglia et al. , tool proposed by Braglia et al. (chance of failure, different from ideal situation 
2003) (2003) instead ofRPN chance of non- are most critical. Criteria can be 

(TOPSIS = Technique for detection, severity), given higher importance, for 
Order Preference by Similarity but other criteria instance as proposed by Ben-
to Ideal Situation" than the Daya and Raouf (1996), 

conventional Gilchrist (1993) and Braglia et 
FMECA criteria can al. (2003) failure occurrence 
be added when probability can have more 
necessary, such as weight than the other two 
expected costs (RPN) criteria 
(Braglia et al., 2003) 

Criticality Weighted score criticality Risk or Criticality = Criteria receive weight 
architecture system (Moss and Woodhouse, Probability of failure according to the situation. The 
(Moss and 1999) for criticality analysis of x Consequence of people who have to apply the 
Woodhouse, design and operational failure; with priorities have to be involved in 
1999) reliability; for example ranking Consequence of setting them (Moss and 

of operational or maintenance failure = Operational Woodhouse, 1999) 
problems to investigate, impact + Repair 
sequence of workshop loading, Costs + Safety 
spares tools or materials to Impact+ 
hold, priority of maintenance Environmental 
backlog items, new ideas, and Impact; with 
studies or research areas to Operational Impact 
pursue = Rate * MTTR * 

Flexibility 
(redundancy) 
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Decision 
Making Trial 
and Evaluation 
Laboratory 
(DEMATEL) 
(Seyed et al., 
2006) 

Multi-Criteria 
Pareto Ranking 
(Bowles, 1998) 

Analytic 
Hierarchy 
Process (AHP) 
(Cheng et al. , 
2002) 
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An approach for analyzing 
relation between components 
of a system in respect to its 
type (direct, indirect) and 
severity (Seyed et al., 2006) 

Proposed by Bowles (1998) for 
failure prioritising in SAE 
FMECA (automotive industry) 

AHP is a kind of multiple 
criteria decision making 
(MCDM). It has been used as 
the quantitative tool of quality 
function deployment (QFD) 
(Cheng et al., 2002) Saaty 
(1980) developed AHP in the 
early 1970s in response to the 
scarce resources allocation and 
planning needs for the 
military. It involves the 
establishment of a framework 
that consists of groups of 
elements for rating and the 
use of a tailor-made 
questionnaire to collect the 
perceptions from experts of 
decision-makers on those 
groups of elements 

Depends on 
application 

Same as CN: 
Probability of failure 
occurrence and 
Severity - the first as 
probability between 
o and 1, and the 
second for instance 
as four classes, but 
any qualitative 
classification is 
possible. Severity is 
continuous, i.e. 
within category one 
failure is still 
considered more or 
less severe (Bowles, 
1998) 

Depends on 
application 

A.W.A. Gulpen 

Depends on application 

All nondominated failures (i.e. 
all those that do not have 
another failure that scores 
higher on both criteria) receive 
rank I. Rank 1 failures are 
removed from the list and all 
nondominated failures are 
labelled rank 2. etc. 

Depends on application; expert 
ratings of comparisons 
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AppendixB Case study evaluations 

Internet discussion forums 

customer 
number dissatisfaction customer actions level of detail 

I 2 '\ 4 'i X NA L I DC R rater 1 rater 2 rater'\ 

I 2 I '\ 4 4 4 
2 I 2 '\ 4 4 4 

3 I I I 3 3 3 3 
4 I 2 3 3 3 4 

'i I I I 3 3 3 3 
6 I 2 3 3 3 3 

7 I I I 3 2 3 3 2 

8 2 I 3 I I I 

9 I 2 3 3 3 3 
IO I 2 3 3 3 3 
II 2 I 3 I 4 3 3 
12 I I I 3 3 3 3 

n I I I 3 4 3 3 

14 I 2 3 3 3 3 
I'i 3 3 2 2 2 

16 I 2 3 2 2 2 

17 I 2 3 I 2 2 3 
18 I 2 3 3 3 3 
IQ 3 3 2 3 3 3 
20 I 2 3 3 3 3 

21 I I I 3 3 3 3 3 
22 I I I 3 2 2 2 

23 I 2 3 4 4 4 
24 I I I 3 4 4 4 

25 2 I 3 3 2 2 

26 2 I 3 3 3 3 
27 2 I 3 2 3 3 
28 2 I 3 3 3 2 

2Q I I I 3 3 3 3 
30 2 I 3 3 3 3 

31 I 2 3 3 3 3 

32 I 2 3 3 3 3 
33 I 2 3 4 4 4 

34 I I I 3 2 I 3 

3'i 2 I 3 I I I 

36 2 I 3 3 2 3 

37 I I I 3 '4 2 3 

38 2 I 3 3 3 3 
39 I 2 3 3 3 3 
40 3 3 3 3 3 
41 I 2 3 3 3 3 
42 I I I 3 3 2 I I 

4~ I 2 3 3 3 2 I 

44 3 3 3 3 3 
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Call centre 

number customer dissatisfaction customer actions level of detail 
I 2 1 4 5 X NA L I DC R rater 1 rater 2 rater 1 

I 3 3 3 3 3 

2 3 3 4 2 3 

3 3 1 1 2 1 

4 1 1 1 1 1 

5 1 1 1 1 1 

6 1 3 3 3 3 

7 3 3 2 2 2 

8 3 3 4 2 3 
C) 1 1 4 1 1 

IO 1 1 1 1 1 

II 1 1 2 1 2 

12 1 1 0 0 0 

13 3 3 2 2 2 

14 1 1 1 1 3 
15 1 1 1 2 1 

16 1 1 1 1 1 

17 1 1 1 1 1 

18 1 1 1 2 I 

I() 1 3 3 2 1 

20 3 3 4 3 3 
21 3 3 3 2 3 

22 3 3 4 3 3 
21 1 1 1 1 1 

24 1 1 2 2 1 

25 1 3 3 1 1 

26 3 3 3 3 3 

27 3 3 3 3 3 
28 3 3 2 2 2 

2() 1 1 1 1 1 

10 1 1 1 1 1 

11 1 1 0 0 0 

12 1 1 1 2 1 

11 3 3 3 3 1 

14 3 3 3 3 3 

35 3 3 3 3 3 

16 1 1 2 2 2 

17 1 1 I 2 0 

18 1 1 1 1 1 

1() 1 1 1 1 1 

40 1 1 2 2 1 

A.I 1 1 2 2 2 

42 3 3 1 1 1 

43 I 2 2 3 3 3 3 

44 3 3 3 3 3 

45 1 1 1 1 1 

46 1 1 1 1 1 

47 3 3 2 2 2 

48 3 3 3 3 3 
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number customer dissatisfaction customer actions level of detail 

I 2 3 4 5 X NA L I DC R rater 1 rater 2 rater 3 

49 3 3 3 3 3 

50 3 3 3 3 1 

51 ' 3 3 3 3 

52 3 3 3 3 3 

53 3 3 3 2 3 

54 1 1 2 2 2 

55 ' ' 3 3 3 
56 3 3 2 2 2 

57 3 3 2 2 2 

58 3 3 3 3 3 

59 3 3 l l l 

60 3 3 2 2 1 

61 1 1 1 2 ' 62 3 3 3 2 2 

63 3 3 3 3 3 

64 3 3 3 3 3 

65 3 3 0 0 0 

66 1 ' 0 0 0 

67 1 ' 0 0 0 

68 1 ' 1 0 0 

6q ' 3 3 2 3 
70 3 3 3 3 3 
71 3 3 3 3 3 

72 1 ' 1 1 1 

73 3 3 3 2 3 

74 3 3 3 l 3 

75 3 3 3 3 3 

76 2 I 1 1 2 1 

77 1 1 2 2 ' 78 ' ' ' ' ' 7q ' ' 2 2 ' 80 3 3 3 3 3 
81 3 3 0 0 0 

82 3 3 3 2 3 

81 1 1 1 1 3 

84 ' ' ' ' ' 85 3 3 0 0 0 

86 3 3 3 3 3 
87 3 3 2 2 2 

88 3 3 0 0 1 
8q 1 1 0 1 1 
qo ' ' ' ' ' C)l ' ' ' ' ' q2 ' 3 3 3 3 
q, I 2 3 3 2 3 
q4 3 3 3 1 4 

95 3 3 4 1 1 

96 3 1 1 1 ' 97 1 1 1 1 ' 
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