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Technology should be as simple as the box it comes in. 

Simplicity can be a goal of technology ... it just makes sense. 

(The road to simplicity, www.philips.com/simplicity) 



Abstract 
Increasing soft failures is one of the challenges in reliability management in modern product 
development when customer demand is increasing, the products are getting more complex, and 
the time to market in product development is shortening. Dealing with soft failures requires a 
customer-focus early in the product design . This report develops a soft reliability framework to 
prevent explicit soft failures in highly innovative consumer products. 

Keywords: reliability management, soft failures, customer-focus, and product development. 
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Summary 
Many trends are influencing the Product Creation Process (PCP) in the consumer electronics 
industry: 

Customers are more demanding concerning the quality and reliability of a product 

The innovation rate of products is increasing very fast and new technologies become available at a 
much higher rate 

Time to Market (TTM) is decreasing due to competition 

duct 

One of the consequences of these trends is, for 
example, product rejection though the product meets 
technical specifications. As a result they bring products 
back to service centers where the product is classified 
in one of the failure categories like Not Found Failure 
(NFF) as a soft failure. A soft reliability problem is 
defined as situations where the product does meet the 
technical specification yet the customer explicitly 
complains about the (lack of) functionality of the 
product (Brombacher et al., 2003). To prevent this lack 
of communication between the product specifications 
and the customer requirements, the customer 
expectations should be analyzed and translated into the 
product design before the product is realized in full-

requirements specifications 

scale production (see figure I). Therefore, a Soft 
Reliability Translation (SRT) framework is developed to 
provide insight for the development team early in the 
process to prevent soft failures in the field. 

1,.,,;;;= ;;:,;j-.. ....._ ,, 

Figure I: Customer satisfaction 
maximisation 

To make the prevention actions more concrete an assignment is formulated as follows. 
~-- . ., .. ··- ~" .... "' ,.. .. . . .. ·••·• 

The assignment formulation: 

maximization 

Construct a framework for a development team in order to prevent soft failures in the 
field. 

To be able to reach this objective two questions have to be answered. 
= .,,-_, __ ,, 

Product related 

1. What do engineers need to know for preventing a soft failure in future product 
design? 

Customer related 

2. Which criteria can be used to determine the relevance of soft failures for a 
product design in order to prevent such failures in the future? 

Both questions are answered based on a literature study and are the input for the development of 
the framework. Finally, the framework will be verified by a case study. 
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Results Gap Analysis 

In literature study a gap is identified: "The need to translate the customer use information into the 
product design". As a result the following trends in reliability are found: 

More 'soft failures' occur and are registered as NFF 

Increasing market and customer uncertainty 

Increasing information loss by product rejection 

To bridge the gap between user expectations and development of a highly innovative product, a 
thorough understanding of soft failures is very important. The existing definition of soft reliability 
problems defined by Brombacher et al. (2003) is analyzed and extended in an extended failure 
classification (see figure II). As customers have different kind of complaints and/or irritations, root 
causes of all soft failures found will not only be allocated to the PCP, but also to the strategy or 
sales and service of the Business Creation Process (BCP). To make this separation clear the soft 
reliability problems can be divided into implicit and explicit soft failures. As the implicit soft failures 
belong more to management's value proposition, the explicit soft failures belong more to 
development. But before the final explicit soft failure' is established an 'in-spec' check should be 
done by development to separate the soft failures that are easy to solve (implicit hard failure) from 
the explicit soft failure. Finally, an explicit soft failure' is defined as: "A soft failure is a failure that 
can be deduced from the product that completely meets the technical specification, but its 
functionality is not understood by the customer and the failure is not easy to adapt in one or more 
specs." 

Figure II : Extended 
failure classification 

Decision-making 

I. According to definitions b 
and c 

II . Difficult or easy to solve 
within specification list 

Definitions 

a. Situations where the product does meet 
the technical specifications yet the 
customer explicitly complains about the 
(lack of) functionality of the product 
(Brombacher et al., 2003). 

b. Failure is a missing functionality in the 
eyes of the customer, but not integrated 
due to management and development 
and is not retrievable in specification list. 

c. Failure can be deduced from the product 
that completely meets the technical 
specification, but its functionality is not 
understood by the customer. 

d. Customer experiences the in-spec 
product as an out-of-spec product and 
can be simply solved by the adjustment 
of one or more specs. 

e. Def. c + ... and the failure is not easy to 
adaot in one or more soecs. 

Implicit Hard 
Failure d 

Besides the well understanding of a soft failure, the following conditions are found in literature that 
are necessary for a good translation process of customer use information into the product design: 

A good information gathering process to find the right customer information early in the process 

An iterative and dynamic development process for processing the data 

A Quality & Reliability (Q&R) method that deals with the new phenomenon of soft failures 

During studying literature about existing Quality and Reliability (Q&R) tools it shows that methods 
like Quality Function Deployment (QFD) and Failure Mode and Effect Analysis (FMEA) are suitable in 
the more traditional development processes, but not in iterative and dynamic processes where 
dealing with soft failures is common. The methods cannot deal with uncertainty and have no in
dept analysis to judge soft failures. 
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So, for dealing with soft failures a soft reliability methods should: 

Understand customer satisfaction factors to establish the customer requirements 

Adjust product specifications in order to create a customer-focus 

Be proactive and reactive in nature during product realization 

Proposal for SRT Framework 

As a solution for the gap analysis, the researcher proposed the SRT framework that is based on 
some potential methods such as the Customer-Focused Reliability (CFR) approach, the Software 
Reliability Engineering (SRE) framework, and the specification treatment in software development. 
The SRT framework consists of three steps, which are verified by using a case study of a high 
innovative audio product. The three steps are: 

Step 1 - Quality of the data 

The first step is to ascertain the quality of data for a valid dataset. 

Step 2 - Extended failure classification 

The second step is a failure classification as showed and described in figure II. The remaining and 
most important category for development is the explicit soft failure'. 

Step 3 - Relative importance identification 

In third step the explicit soft failures' should be judged on their relative importance to decide 
whether the failure will be adjusted in the product design by development or will be used for the 
value proposition of next generation products by management. A list is established with customer 
related criteria that could have influence on the relative importance of the soft failure. 

An interesting observation in real practise is that as result of the test only one highly relevant 
failure is solved and a lot of failures are judged as irrelevant. The risk of customer dissatisfaction in 
the future is high. Unfortunately, on this point no data is available for further validation. 

Conclusions and Recommendations 

The SRT framework is based on theory and is developed as a two-part approach that is verified in a 
case study. The case study indicated that the first part, the extended failure classification, is 
feasible. The failure definitions in theory are well defined and each final category (implicit soft 
failures, implicit hard failures, and explicit soft failures') is distinguished in practice. It indicated a 
reduction of 33% soft failures in the advantage of the development team. The failures for 
management and the failures that are easy to adjust are easily separated. 

The list with customer related criteria that should have influence on the relative importance of a 
soft failure could only be partly tested because of the data set, which was incomplete. Not all 
criteria have been measured with the measurements available in the test. So, no conclusion can be 
represented on this part. 

Not many statements can be made on the SRT framework, because it is only verified with one case 
study, in one industry, with one product. To make the framework more valid more research should 
be done, but this thesis indicates after one case study of an audio consumer product that the 
importance of the installation is still a big problem. In real practise the development team has 
judged the installation and ease of use of a certain main function as irrelevant. So, this supports 
the work of Geudens (2004) in which the importance of installation is researched. 

As the identification of the relative importance is not completely carried out, recommendations for 
this part of the framework are added. For better feasibility of the framework and especially the 
relative importance identification further research is necessary on aspects like uncertainty 
measurement and decision-making models. 
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The research area of QRE 
As mentioned in the preface, the researcher participates in a big research that is currently carried 
out at the Eindhoven University of Technology at the Faculty of Technology Management at the 
section Quality and Reliability Engineering (QRE). In short, the research can be translated into the 
research mission: To control and improve the quality, reliability and safety of products, by 
improving the performance of the relevant technical-operational business processes. The 
researcher will focus on the reliability of products by improving the business process of high 
innovative products. Therefore, she will participate in a sub-programme called Quality in strongly 
Innovative/dynamic Business Processes (QIP). In their view on the research area, QRE gives nice 
descriptions to define the scope and the focus of the research project. 

View on Research Area 
In modern product development many companies struggle to maintain a balance between on the 
one hand performance and (technical) innovation (realising a product that does what it should do) 
and on the other hand product quality and reliability (realising a product that does not what the 
product should not do) . The use of new technology may be beneficial with respect to achieving 
certain advantages in terms of functionality and cost but (often unproven) new technology in 
combination with customers not familiar to this new technology may lead to all sorts of 
unanticipated quality and reliability problems. 
The research under the heading Quality and Reliability Engineering deals with controlling and 
improving the quality, reliability and safety of products, focusing on the analysis, design and 
control of the relevant technical-operational business processes. In this context control implies 
both the modelling and analysis of product quality and reliability. 

Scope definition 
Different business processes have a different focus with respect to product quality and reliability 
(VDI, 1972; Pahl and Beitz, 1984). In the research program Quality and Reliability Engineering the 
degree of innovation or the, closely related, relation between technical and economical lifetime is 
used as the key factor to determine different types of business processes (Brombacher et al., 
2003): 

A. Business processes producing products where the economical lifetime is much shorter than the 
technical lifetime. 

B. Business processes producing products where the economical lifetime is comparable to the 
technical lifetime. 

C. Business processes producing and utilizing products where the economical lifetime is much longer 
than the technical lifetime. 

Not all types of reliability problems will be relevant for all types of business processes. Research in 
the wear-out behavior of strongly innovative products such as hard disks may be interesting from 
an academic point of view but once a manufacturer is able to ensure that the product will last 
longer than the economical lifetime (the time where it is economically attractive to replace the 
product with a new product due to, for example, improved functionality) from an industrial 
perspective "good is good enough". Before it is possible to determine what kind of reliability 
problems are relevant for what kind of products (from a business context) it will be necessary to 
describe what types of reliability problems can exist (Brombacher, 1992). 

1. Hidden 0-hour failures 
2. Early wear-out 
3. Random failures 
4. Systematic wear-out 
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Although it is always a sound balance between the three business drivers, i.e. quality, time and 
costs that is sought in a business process differences in focus can be identified in the three classes 
of business processes. The class A business process, generating short lifecycle products, 
distinguishes itself by its focus on "time". Since new technology keeps becoming available at a 
continuing high-speed companies will want to take maximum benefit from this technology. 
Therefore in order to maximally benefit from new technology companies will drive for the shortest 
possible "time to market" with adequate product quality (Type 1 and 2 failures). Business 
processes of type C, concerned with systems where high capital investments are required , will have 
a focus on maximising the utilisation of the investments made. The product has therefore to fulfill 
its function with a high efficiency during a long period of t ime (Type 3 and 4 failures). Given this 
context the research cluster quality and reliability has defined two sub-programs, each 
concentrating on different combinations of products and business processes: 

1. Product quality in strongly innovative/dynamic business processes 
2. Product reliability, availability, maintainability and safety in stable business processes 

d: typical de ve lopment tirn e (years) 
pl: typical produ ct operational life (years) 

d<0 .5, p l<3 

0.5<d<2, 3<pl<10 

2<d , 1 O<p l 

• X 

• • 
• 

1,2 3 
Reliability 

Type of bu ::i ness process 

X A: r1igh tech, fast innov ati on prod ucts 

X 8 : co nsumer goods (TV, Car, .. . ) 

• C: profes s onal (production) systems 

4 e Ra evant 

X Nct relevant 

Figure I: The relevance of different classes of problems for different business processes 

Both sub-programs intend to realise different parts of the same mission . Both programs (see figure 
I) share the analysis and use of uncertain data and on the information structures that generate and 
handle this data. The first program, however, concentrates on comparatively simple products (with 
a lot of data available) in a strongly dynamic business process (Box Al, Bl). Emphasis is here on 
the (propagation of information in-) strongly dynamic business processes. The second program 
concentrates on quite stable business processes with more complex products with less data 
available (Box C3, C4) . 

Quality in Strongly Innovative/Dynamic Business Processes 
The sub-programme QIP focuses on information flows relating to product Quality and Reliability 
during the lifecycle of products. In 1971 the research of Allen at Massachusetts Institute of 
Technology (MIT) already showed the importance of information in product development (Allen, 
1971, 1977). In 1995, with their paper Product Development: Past Research, Present Findings and 
Future Directions, Brown and Eisenhardt (1995) reaffirmed the importance of information, 
especially in modern, concurrent product development processes. This programme concentrates on 
the aspects of product quality that are linked with the design, realisation and utilisation . Product 
quality is interpreted as conformance to requirements. Explicit attention is given to : 

A. QIP1: The development of fast feedback systems for use in the design process of strongly innovative 
products (getting Quality & Reliability (Q&R) information faster). 

B. QIP2: The development of dynamic high-resolution analysis systems for the root-cause identification of 
performance, quality and reliability problems (getting better Q&R information). 
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C. QIP3: The development of design strategies that stimulate early product optimisation by facilitating 
iterations with respect to performance, quality and reliability early in the design process (getting Q&R 
information better interpreted) . 

This research project can be placed in the third field of attention. Within the third research area the 
researcher will formulate her initial problem definition . This area will be the most suitable one to 
bridge the gap between technical specifications and user expectations. The focus will be on 
methods to bridge the gaps mentioned above in the selection of different design strategies where 
the emphasis is not on feeding back information faster and with a greater level of detail but to 
obtain high quality information already earlier in the design process. Since it is not the intention of 
these alternative strategies to reduce the rate of innovation in product development, the 
alternative design strategies will have to rely on enabling earlier iterations in the process by 
confronting (potential or simulated) users earlier with (predicted or simulated) products. 

Cooperation 
All involved experts and graduates who are jointly carrying out the research are working in one of 
the following institutes : Eindhoven University of Technology, Philips Centre for Industrial 
Technology (CFT), or the Design Technology Institute (DTI) in Singapore (see figure II). Between 
these three institutes there is an intensive cooperation to exchange knowledge about practical 
experiences and theoretical models about product development for innovative products. Read for 
more information about these institutes and their experts appendix 3 and 4. 

TU/ e 
technische u niversi teit eind hoven 

PHILIPS 
sense and simplicity 

Figure II: All partners in the research area of QRE 

•ii·-:~ DE.SIG N 

TEC H OLOGY .... I 
INS1"1 U E 

Philips Electronics N.V.'s role in the research has determined in its strategy that it wants to be a 
"high growth technology company". For example, Consumer Electronics (CE), has become big and 
remained big in a relatively mature market in which for years, they were able to remain one of the 
big players with few innovations. With the current strategy, the product division will have to focus 
more on innovative products that are the growth markets of the future (Luijten, 2003). So, they 
take initiative for a customer-focus. 

Other graduates that are worth mentioning within the cooperation are M. Mennen, R. van den 
Broek, G. de Jong, H. van Beurden and their work, and the master thesis project of R. Heynen for 
selecting a case study. See for an abstract of their master thesis appendix 5. 
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Chapter 1 

Introduction 
Nowadays the importance of speed in high tech markets is driven by increasing competition and the 
continually evolving expectations of customers (Mohr, 2001; Doyle and Saunders, 1985). As a 
result of these dynamic market conditions, high tech companies frequently rely on product-focus 
development (Dugal and Schroeder, 1995; Marcus and Segal, 1989) driven by innovations in 
technology rather than customer-focused development driven. This failure to incorporate a 
customer focus is often compounded by an absence of attention to the critical role which the 
diffusion of innovation plays in successful product launch. 

As illustrated by the three cases presented in appendix 6, product-focused product development 
according to the five marketing P's (by McCarthy, 1960; and Kotler & Levy, 1969) often results in a 
situation where a product launch does not live up to its technological promise. The launch of Philips' 
CD-I, Apple's Newton, and Sony's BetaMax illustrates the critical role which the diffusion of 
innovation process plays in successful high tech product development. In each case, the company 
rushed his products to market and failed to combine a customer focus with an understanding of the 
diffusion process. 

This chapter1 will emphasis the relevance of a customer focus in product development. The 
relevance of a customer focus goes much further than only the marketing view and will be placed in 
the development environment of high- innovative products. In section 1.1 the research framework 
will be defined in which the research takes place. In section 1.2 the problem or gap found in 
literature is explained and the problem definition is given. In section 1.3 the research method will 
be explained. Section 1.4 looks at the practical relevance of this research project for industry. 
Finally, the outline of this thesis is given in section 1.5. 

1.1 Research Framework 
Driven by the needs of the customer, rather than by innovations in technology, the customer focus 
has risen and can be derived from the diffusion of innovation. Nowadays the trends of innovation 
turn out to be a complex environment for development teams to create a product focus and a 
customer focus (Minderhoud and Frazer, 2004). Above all, one would expect a deeper customer 
focus to be integrated into the development process in order to create easy functioning products in 
the eyes of the customer. In literature the diffusion of innovation can be challenged by four trends: 

1. The product complexity in technology increases (Brombacher, et al., 2001; Wheelwright and 
Clark, 1992; Davidow, 1986; and see Moore's law, 1965), 

2. Products need to be on the market faster by pressure on Time-to-Market (TTM) (Eppinger, 
2000; Minderhoud, 1999; and see the Product Life Cycle by Deal, 1950), 

3. Complexity of development process increases by globalisation and segmentation (Walker, 
2003; Mohr, 2001; Naumann and Giel, 1995; and see Global Marketing by Levitt, 1983) 

4. Customer demands on Quality & Reliability (Q&R) and perceptions over product 
performance increase (Brombacher, et al., 2001; Wheelwright and Clark, 1992; Doyle and 
Saunders, 1995). 

As a result of these trends, products are sometimes rejected although they are still within technical 
specifications because of the increasing customer demand on Q&R and increasing product 
complexity. The high-volume Consumer Electronics (CE) industry is a typical example that fits into 
the four trends (Petkova, 2003) and their consequences (Graef, 2001). This example is presented 
below. 

1 Before starting to read this report, it is advised to take notice of the abbreviations that are used in this thesis 
in appendix 1. Important definitions that are used can be found in appendix 2. 
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VCR 

198 1990 2000 2010 

An Example 

Figure 1.1: Evolution curves of different products in 
Consumer Electronics (Minderhoud and Fraser, 2004) 

For example, it takes about 20 years for VCRs to become a commodity, but it took less than 5 years for 
DVD products to reach their mature phase [Minderhoud and Fraser, 2005). The shift from emerging all the 
way to mature happens so fast that it becomes very difficult for the developers to create a smarter and 
more descent product fulfilling the different and ever increasing customer requirements. Brombacher et al . 
(2003) defines soft reliability problems as situations where the product does meet the technical 
specifications yet the customer explicitly complains about the (lack of) functionality of the product. 
Research in high-volume consumer electronics industry has shown that the number of soft failures has been 
rising increasingly (Geudens et al., 2005) . 

I t:' 6.H 
"~~rv· 

IL<:Vl 
o,}o,< 

( ~ Sllll 
Prv t'IO"O mJ)by 

Increasing role of digital technology 
time 

Figure 1.2: DVD and VCR In their 
current PLC 

One of the keys to reduce the number of soft failures is to improve customer focus during the 
development process. Customer focus is a core element of the marketing concept and is certainly a 
widely adopted buzzword today. To prevent soft failures in New Product Development (NPD) 
developers need understand what aspects of soft reliability problems they must focus on and how to 
deal with them to improve customer satisfaction. They need to create a workflow to manage soft 
failures. They need to know: (1) What are soft failures exactly and what are important factors to 
create customer satisfaction? (2) How is soft failure related data going to be gathered? - Are there 
ways of gathering? and in what kind of development process this will happen very easily? (3) How is 
data going to be processed? - What to do with the data to create a reliable product within 
specification in time? 

Summarised the initial problem definition should be: How to measure/model/analyse soft failures to 
create customer satisfaction? 

Before answering these questions, it is sensible to look for existing facts and theories that can 
manage soft reliability. Although different definitions are given for soft failures (Brombacher et al. 
2003; Geudens et al., 2004 ), Brombacher's definition will be used and soft reliability problems are 
defined as situations where the product does meet the technical specifications yet the customer 
explicitly complains about the (lack of) functionality of the product. 

When a customer complains about the product, he/she is often dissatisfied. What determines the 
satisfaction factors and the use patterns depends on what is exactly meant by customer-focus. 
Satisfaction factors associated with technological product failure and misunderstandings are stated 
by several authors (Hartley, 1994; Loudon and Della Bitta, 1994; Settle and Alreck, 1989; Engel et 
al., 1995; and Berden et al., 2000). Developers should be aware of the trends in customer 
perception of Q&R that cause an increasing gap between product specs and customer requirements 
due to increasing product complexity (Brombacher et al., 2003). According to Deschamps and 
Nayak {1995), Karten (1994), and Kano et al. (1984) customer requirements can be expressed in 
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customer satisfaction . Their definitions contain customer expectations and the product performance. 
In their models different classes of customer requirements are identified. 

Field product performance information, early customer requirements, and simulation of the post
purchase performance early in development are the basic information sources for the integration of 
customer information into the Business Creation Process (BCP). They all have their pro and cons in 
collecting soft failure related customer use information. Firstly, research by Petkova has shown the 
usefulness of the field product performance information is at the moment very limited in terms of 
collecting customer use information due to the logistics oriented service process. Secondly, the 
early customer requirements are marketing driven and can be found by classical marketing tests 
like lead users, focus groups, and questionnaires. Unfortunately, reviews (e .g. , Cahill, et al., 1994; 
Webster 1988; McGee and Spiro 1988) have repeatedly concluded that the marketing concept to 
create customer satisfaction often remains just that - a concept. Profiles of target groups are 
necessary to find lead users for customer adaptation profiles and usability tests, but solving the 
hard and soft failures of a product belongs more to the development department in order to solve 
the (lack of) functionality. Marketing research focuses more on how to attract the most potential 
buyers 

1
with the most appealing product features and aesthetic aspects. But it does not concern how 

the buyer interacts with the product after purchase. Therefore, marketing department does not play 
the most important role in the most important source of data gathering for finding soft failures: 
simulation of the post-purchase performance . Thirdly, in literature several alternatives for testing 
the post-purchase performance during the concept, design, and engineering phase are found like 
prototyping, 3D Computer Aided Desgn (CAD), virtual reality, The Internet, use of a black-box and 
several consumer tests used at Philips like High Contrast Consumer Testing (HCCT) and Real Time 
Marketing (RTM) (, The homelab of Philips (Poelman, 2004), Innohub Philips CFT. These alternatives 
together form a source of information in order to create a feed forward process and to check the 
interaction of the product with the customer already in the early product development process. 
Among these three information sources, this is the most promising one in revealing soft failure 
related customer use information. How to structurally collect such information is till an ongoing 
research for Wim Geudens and his graduation students within the sub department of QRE. 

Nowadays, the Product Creation Process (PCP) is to be considered as one of the most important 
part of the BCP for high-innovative processes (Eisenhardt and Tabrizi, 1995), but it is important to 
know how the simulation of the post-purchase performance of the product fits into the PCP. 
Additionally, customers expect to get products with an extensive functionality and a high reliability 
for a reasonable price (Petkova, 2003). In practise, dealing with the trends of innovation, a PCP can 
consist of four different approaches. In an innovative environment it requires a very high 
predictability (Brombacher et al. , 2001), has to deal with uncertainty control, and time-to-market 
pressure . It implies that soft rel iability problems in such a PCP should be managed proactively and 
iterative. Yazdani and Holmes (1999) and Eisenhardt and Tabrizi (1995) advise dynamic and 
iterative processes with feedback and learning processes in order to create feed forward and to deal 
with b9th uncertainty and time pressure. They emphasis proactively management by testing, 
simulations, and analysing in the earliest possible phase of development to create a feed-forward 
process in order to reduce uncertainty about new technology, and the customer adoption and use 
process 

Interaction information should be structured to be useful in the creation of high quality and highly 
reliable products. Especially technologically driven industries have been among the first to introduce 
reliability and quality techniques such as Quality Function Deployment (QFD), Failure Mode and 
Effect Analysis (FMEA), Integrated Concept Development (ICoDe) (Schmidt, 1997), Reliability and 
Quality Matrix (RQM) (Lu, 2002), and Built-in Reliability (BIR) {Tan, 2003) to increase the reliability 
of a product (Lewis, 1994). Nowadays many of these techniques begin the information structuring 
with capturing the "Voice of the Customer" (VOC). Basically the QFD method is still the most 
suitable one for integrating a customer focus (Akao, 1990; Booker, 2003). The existing Q&R 
methods can only manage soft reliability to a certain extent. For example, QFD and FMEA are still 
inclined towards micro uncertainty factors and outstrip the macro uncertainty factors such as the 
customer interaction with the product, and the uncertainty in the early phases of the development 
process (Ganesh et al ., 2004). 

The feasibility of resolving soft failures is related to the th ird question about processing the data and 
depends on what data is available where in the development process, and how the developers 
interpret it. Soft failures are the link between the customer expectations or requirements and the 
product specifications and are the start of product optimisation regard ing the interaction between 
product and customer. The source of interaction data must be structured to make the information 
useful. Iannino et al. (1983) mentioned certain criteria on the presentation of data. These criteria 

- 3 -



will be used to determine what is going to be tested or simulated to find the right customer 
information in the feed forward process. 

To map the information flows for solving soft reliability problems, information must be gathered at 
the customer side to find satisfaction factors and use patterns as well as at the product side or the 
so-called PCP. During this research, the first two questions will be used to generate the input for the 
third question that focuses on the processing of soft failure data. The research related to the third 
question lead to the definition of the definitive research problem. 

In short, high innovative industries like consumer electronics are confronted with a highly cost and 
time driven market with increasing customer demands, higher product functionality and more harsh 
competition. This has given a lot of time pressure to shorten development time, quicker time to 
market and to increase product functionality as well as product quality and reliability. The increased 
functionality on the one hand together with the increased component reliability on the other hand 
has made the component related product rejections a minority in the total field returns. There is a 
strong need for more information about how customers use and perceive their products. Methods 
are available that can be used to manage soft failures in theory such as QFD, but increasing market 
uncertainty and product complexity makes it extremely difficult to gather necessary input 
information to use such methods. There are initiatives to gather more information related soft 
failures (e.g., ongoing research to improve HCCT, a test applied by Philips), but there is still lack of 
an appropriate process to translate customer use information into product design so as to prevent 
potential soft failures. Customers must be integrated in early testing processes to create feed 
forward in order to find soft failures in advance . When developers have to deal with customer focus 
it is important that they recognize soft reliability problems in such a turbulent environment. They 
must be aware of the customer information they need and how they can translate/interpret this 
information to create a reliable product. 

Since a customer-focus approach is necessary for companies to survive in high innovative 
environment, they should create awareness of the market uncertainties and deal with the customer 
focus in such a way that it is possible to create a successful high-innovative product within the 
business conditions of innovation. Unfortunately, there is a lack of appropriate 
methods/tools/process to adjust soft failures to technical specifications in order to prevent such 
failures in future. 

1.2 Bridging the gap 
Creating a customer focus means that the development team has to create a product according to 
specs that fulfils the expectations of the customer. The gap is situated between the customer 
expectation and the product specifications. The development team has to fill this gap by means of 
soft failures. Hence, the purpose of the research is to create insight in the new phenomenon 'soft 
failures' to the part of the academic field of the development of high-innovative products. 

As a result of the trends that the product complexity in technology increases and the customer 
demand on Q&R increases, soft failures occur by the lack of customer focus in the development 
process. These days, no methods are available to directly overcome the new phenomenon of soft 
failures. There is a strong need to optimise product design through reducing the gap between 
customer expectation and product specification. A reliable product in this context fulfils all 
performance specifications and is user-friendly in the eyes of the customer. 

1.2.1 Customer versus Product 
For the development team it is difficult to bridge the gap. When a soft failure appears, in literature 
lots of information is found about on the one hand the way to analyse your customer (use) profile 
and on the other hand establishing the product specifications, but there is rather limited research in 
between. There is a gap between the customer and the product around the subject of soft failures 
(see figure 1.3). 

A soft failure is the outcome of the mismatch between the customer requirement and the product 
specification. There is a distinction between implicit specifications or better saying customer 
requirements (soft specs) that cause a soft failure and explicit specifications or better saying the 
technical requirements (hard specs) that cause a hard failure . In the turbulent environment, where 
the customer perceptions and expectations change dramatically, the focus must be more and more 
on these soft specs. The need to classify these soft failures further into more detail is increasing. 
The more development knows about soft failures, the fewer such failures will happen in the future . 
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Figure 1.3: The gap between Customer and Product 

1.2.2 Problem Definition 
To bridge the gap, as shown in figure 1.3, the problem can be described as follows: 

The need to translate the customer use information into the product design. 

Apart from the fact that the marketing department is responsible for marketing tests and the early 
customer requirements, the emphasis will be on the further processing of the data that simulate the 
post-purchase product performance early in the development process. The data need to be 
translated into product design by the development team in order to prevent soft failures in the field . 

1.2.3 Assignment Formulation 
To make the definite problem more concrete an assignment formulation is formulated in order to 
make it easier to find a way to create a representation for the problem. 

The assignment formulation: 

Construct a framework for a development team in order to prevent soft failures in the 
field. 

1.2.4 Research Questions 
To construct a framework, two research questions are formulated that would be helpful in designing 
the pace of soft failures. Looking at figure 1.3, the research questions can be asked concerning the 
product and the customer side: 

Product related 

1. What do engineers need to know for preventing a soft failure in future product 
design? 

Customer related 

Which criteria can be used to determine the relevance of soft failures for a 
product design in order to prevent such failures in the future? 

1.3 Way of working 
As soft reliability is a new class of problems for innovative products, these words are less mentioned 
in literature. Therefore, at the start of the preliminary investigation a research model is created to 
give an overview of the research approach where a distinction is made between external 
information (by articles and literature) and knowledge that is available within the department of 
QRE (by experts and their internal publications) (see figure 1.4). The internal focus is very small, 
so, the external focus must create a broader focus as recommended by Aken et al. (2002). 
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1.3.1 Research Model 

Customer expectation 
customer 
satisfaction 

Customer use process 
soft failure 
(use) profile 

BCP -> PCP 
innovation 
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methods 
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- other employees 

Other graduates 
- Rolf, Geke, Heidi, 
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~~ 
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t------1~.i complexity and innova
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(Internal) 

~, 

Create Insight In the new 
1-----.._~ phenomenon of soft 

~ failures for product design 

Soft reliabil ity problems 
in innovative 
development process 

Figure 1.4: Research model according to Verschuren and Doorewaard (1995) 

1.3.2 Viewpoint of research 
Most of the current product development theories are focussed on the product development where 
limited uncertainties are involved; whereas recent research expels that many development 
processes for high-innovative products are not complete anymore to deal with soft reliability 
(Yazdani and Holmes, 1999; Eisenhardt and Tabrizi, 1995; and Minderhoud, 1999). The frustration 
with the NPD focus has resulted in several articles and books challenging the worth of customer 
focus and NPD itself, but not integrated to each other (see for example, Hamel and Prahalad, 1994; 
and Martin, 1995). So, it is not surprisingly that the research point of view is to help developers to 
judge the complexity and innovativeness of a product from the customer side. 

1.3.3 Conceptual Design 
Research projects can be theory-oriented or practice-oriented (see figure 1.5). Theory-oriented 
research is about solving problems encountered in the theory building process (Verschuren and 
Doorewaard, 1995). The initial topic was defined as 'The process of measure/analyse/model soft 

Theory-oriented 
Research Project 

Practice-oriented 

Figure 1.5: Research categories 
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failures to create customer satisfaction'. It was assumed that information about soft failures is 
necessary if a company wants to check and improve product quality. The reason behind this is that 
the increasing complexity of current consumer products leads to unpredictable product failure 
behaviour. The available literature on this subject is discussed in the next chapter. In this chapter it 
becomes clear that, although there is some literature available, the subject has not yet been studied 
in-depth. For this reason a more thorough look at the present situation is necessary in order to find 
out how customer focused reliability information should be translated to prevent product failures. 

1.4 Relevance for Industry 
Although the problem definition is formulated out of theory, this section will show that there is 
support for this subject in practice. The observed problem in theory also appears in practise such as 
in the consumer electronics industry. Three external trends such as the Not Found Failure (NFF), the 
adjustment of company's missions, and the lack of improvements in business are discovered in 
newspapers and on The Internet to support the current problem. 

1.4.1 Not Found Failure 
Products become more innovative and faster on the 
market, but this will not guarantee that the product is a 
success on the market. Indeed, the outcome of fast 
development and shorter product life cycles is that in 
recent years a lot more NFF is noted for complex 
consumer electronics (see figure 1.6). According to 
Philips the digital revolution is supposed to have made 
our lives easier, but studies have shown that's not the 
case. Around 30% of home-networking products, for 
example, are returned because people can't get them to 
work. And 48% of people have put off buying a digital 
camera because they see them as too complicated 
(Y'!..W'i'L.QbLI ip__?,C9_Q1 ). The gap between product 
performance (hard specs) and the customer expectations 
(soft specs) is increasing: the product did not meet the 
customer expectations. 

60 ---;:::::=======.----::-;--c----::-----1 I - Percentage NFF I 
50 ~======~-"-------_j 
40 -+------------'-----_.. 

1975 1900 1985 1990 1995 2Clll 2005 

Figure 1.6: Not Found Failure for 
(Brombacher et al. , 2003) 

1.4.2 Integrating Customer-Focus in Mission 
Companies are aware of the customer focus, but the new product success rate has improved 
minimally. The scattered published studies on new product rates continue to show both extremely 
low success rates and little improvement over time (Urban and Hauser, 1993). The trend is that 
more and more companies are adjusting their slogans to integrate the customer. Companies like 
Philips, Sony, and Siemens include the customer focus in their companies mission and vision 
(W'!V\A/"PJJ_iJlQ.$. com, \yww. sony.c:;9_m, 't'-VVW,_Si<21nQQ~,(9_n:l ), but these high tech companies frequently 
still rely on a product focus (Dugal and Schroeder, 1995). Remarkable is that during this research 
project Philips has even changed their slogan from Let's make things better into Sense and 
Simplicity (Metro, 14 September 2004). The train of thought is that 'technology should be as simple 
as the box it comes in'. This adaptation fits extremely well in the timeframe of this project. 

1.4.3 Lack of Improvements 
Despite the dramatic changes, which have had enormous impact on all aspects of our lives and 
business practices, NPD practices, as reflected in the academic literature, have gone through 
relative few changes in real life. The research and modelling approaches, which first appeared in the 
1970's (such as stage gate processes, concept tests, conjoint analysis-based approaches to the 
assessment of consumers' needs and reactions to new products, simulated test markets, and 
diffusion models), are still the dominant aspects of the marketing research literature on NPD (Wind 
and Mahajan, 1997). Petkova (2003) states that a method is required that bridge the possible gaps 
between the technical specification of a product and the actual field usability as experienced by the 
end-user. 

1.5 Outline of the Thesis 
The remainder of the thesis is showed in figure 1. 7 and organised as follows . In Chapter 2 the scope 
of the research area will be explained further by means of a literature review that gives answer on 
the question how the gap, as described in section 1.2, can be bridged. This chapter gives insight in 
the possibilities to control the problem of soft reliability. The information input to bridge the gap of 
the soft reliability trends must come from the customers and the Product Creation Process. 
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Subsequently, these information flows will be brought together in Chapter 3 to create iterative soft 
reliability management. A good translation of both information flows must take care for a more 
reliable product optimisation by means of the focus on soft failures. This theoretical basis will be 
explained in line with a constructed framework that gives insight in the translation problem of 
customer expectations/requirements into product specifications. A case study in Chapter 4 must 
verify the framework and will answer the first research question by theory testing. Next this Chapter 
will give a theoretical answer to the second research question. Finally, in Chapter 5 the overall 
conclusion and recommendations on this graduation project will be given in which a distinction is 
made between conclusions concerning the case study and theory. 
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Figure 1. 7: Outline of the thesis 



Innovation People Chapter 2 

Customer-focused Reliability 

Literature review 
High-tech companies as mentioned in the scope definition must recognize that both technological 
and marketing conditions are rapidly changing (Mohr, 2001; Nystrom, 1990). This dynamic 
environment necessitates stronger consideration for the marriage of customer and technology. 
Literature study and practice indicate in this chapter that high tech markets are characterized as 
dynamic and complex which results in a changing target market over the life cycle (Abell, 1978; 
Davidow, 1986; Beard and Easingwood, 1996) in which a new phenomenon of soft failures occurs 
between the customer and the product. 

2.1 Introduction 
A nice example of high-innovative products in which both technological and marketing conditions 
are rapidly changing is the consumer electronics industry (Petkova, 2003). According to Mohr 
(2001) innovative developments can be placed on a continuum ranging from radical, breakthrough 
development on the one hand to more incremental, modest developments on the other hand. 
Radical, breakthrough innovations are 'so different that they cannot be compared to any existing 
practices or perceptions. They employ new technologies and create new markets. Breakthroughs 
are conceptual shifts that make history." Think for example of the DVD player as radical and the 
DVD RW (re-writable) as breakthrough. This fits totally in the trends that are found in the consumer 
electronics industry (Graef, 2001): 

Ever-faster introduction of new technology creates ever-shorter market windows for new products. 

As a consequence TTM and Time to Volume (TTV) are decreasing and the "product life cycles" are 
shortened. 

Sales prices erode fast and the product requirements from the customers increase fast. 

Because the "new" products are mainly digital products, software development is becoming ever more 
important in the electronics industry . 

The main part of this chapter will review literature on all aspects of innovation. On the basis of 
trends in product development (section 2.2), an in-depth discussion shows all parts of importance in 
the consequences of innovation. Think, for example, about the consequences for the reliability of 
high-innovative products, the person who buys and uses the product, the people who make the 
product, and finally in section 2.9 is discussed how this all should be processed to deal with the 
consequences of innovation. 

2.2 Trends in Product Development 
Simply four major general trends in product development are observed in literature. Trends that not 
only apply for consumer electronics : 

2.2.1 Increasing Product Complexity 
Integrating new technologies naturally contributes to the increasing complexity. Technology 
innovation is now growing at high speed and width (Wheelwright and Clark, 1992 ; Brombacher et 
al., 2001; Minderhoud, 1999) and implies that the interaction between all parts, modules, etc. 
becomes more complex as well, it becomes impossible to predict all potential failure mechanisms for 
a product (internal complexity). Besides this internal complexity Petkova (2003) distinguishes also 
external complexity ; no matter who demands/decides on including new functionality in a product, 
the result will that the customer - product interaction becomes more difficult to predict. The 
complexity also impacts market acceptance in different ways in high tech markets (Davidow, 1986). 
As high tech products are more external complicated, they require greater customer education and 
more product information (Naumann and Giel , 1995). 
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2.2.2 Increasing Time-to-Market Pressure 
Development time determines how responsive the firm can be to competitive forces and to 
technological developments, as well as how quickly the firm receives the economic returns from the 
team's efforts (Eppinger, 2000). As stated by Smith (1997) 'Speed is not the objective, it is a 

- Development time 

- Feedback time 

means to an end; the objective is making money'. 
Thereby, managing customer reliability in innovative 
development processes is a big challenge because 
reliability information (feedback) becomes available 
relatively late in the process (see figure 2.1) while the 
decisions to determine product reliability have to be 
taken especially in the early phases of the process 

0.1 +---~-~-~--~ -~----i 
1975 1980 1985 199'.I 1995 2000 2005 

(Petkova, 2003) . 

Figure 2.1: Development vs . feedback 
(Brombacher, et al. , 2003) 

2.2.3 Globalisation and Segmentation 
Many companies from America, Europe and Asia, like Philips and Sony, have not only opened 
manufacturing sites in the Far Eastern Countries and Asia Pacific but also delivered their products 
from these sites to countries in Europe and America (wwv.V,Qbi!1R?.S:,QJI1; ',6/Wi"/,SQ!lY-<=om ), in 
response to the globalisation and segmentation trend of the business and economic environment 
(Murthy et al., 1994). In sp ite of it al l, this requirement is of less importance in this thesis. 

2.2.4 Increasing Customer Requirements 
In customer terms a product is said to have failed if it does not fulfil the customer expected 
performance. The exact meaning of "expected performance" has changed dramatically (Doyle and 
Saunders, 1985). In the past, a product failure meant that it did not work according to its 
specification. More recently, a product is considered to have failed if customers are simply 
dissatisfied with its performance. They demand more functionality for a cheaper price (Petkova, 
2003). Customers have grown more sophisticated and demanding because they are more sensitive 
to nuances and differences in a product (Wheelwright and Clark, 1992), and are attracted to 
products that provide solutions to their particular problems and need (Lu, 2002) . 

A detailed definition of customer satisfaction is provided by Swan and Oliver (1989) : "Satisfaction is 
an affective or emotional response to a specific consumption experience, with increasing satisfaction 
reflecting more positive affect and dissatisfaction reflecting greater negative affect." So, the 
challenge in developing a high-innovative product is to create a product that reflects more positive 
affect that only will be found at the customer himself. 

2.3 Trends in Reliability 
According to Brombacher et al. (2003) nowadays different kind of failures are related to product 
reliability and the underlying business processes. Product reliability also depends on the way these 
products are designed and manufactured, and the way customers and end-users buy and use these 
products . Therefore, a deep understanding of reliability trends is necessary for analysing reliab ility 
problems. 

2.3.1 Information Loss by Product Rejection 
First of all, a company loses a lot of information about the product's reliability because of customers 
who don't buy their product at all or at the competitor. Customers who feel that the new product is 
not in tact with their past experiences, lifestyle, values, and needs are likely to reject the product 
before it enters theirs consideration sets. According to Goff (1997) another aspect is the way in 
which a sales person approaches the customer and the promises he/she makes. 

2.3.2 Market and Customer Uncertainty 
Innovation and reliab ility goes hand in hand with uncertainty. 
From literature (MacMillan and McGrath, 2002; Cheverton and 
Page, 2000 ; and Clark and Wheelwright, 1995) three parameters 
have been distilled that distinguish, based on uncertainty, 
different kinds of development projects. One of the examples is 
the Ansoff matrix (see figure 2.2), the newness of the market 
and the product are used. Newness results, per definition, in new 

Markets 

existing 

new 

Products 

existing new 

Penetration New Product 
Development 

Market Dlverslflcatlon Extension 

and therefore "unknown aspects". So, typical uncertainties that Figure 2.2: The Ansoff Matrix 
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UNITS 

are characteristic for an innovative Business Creation Process (BCP) can be distinguished into (see 
also Luijten, 2003): 

The amount of market uncertainty (uncertainty about what the consumers want and what the market 
looks like) 

The amount of product technology uncertainty (uncertainty about the behavior, performance and 
quality of product technologies) 

The amount of industrial chain uncertainty (uncertainty about the behavior, performance and quality of 
production process technologies) 

Innovation 

In this research, to avoid that the development 
process becomes uncontrollable, the amount of 
industrial chain uncertainty is not considered (why see 
also Ganesh et al., 2004). Likewise, a company can 
produce a product with technical performance 
according to specs, so the hard failures are limited to 
a minimum and less relevant in this thesis. Next, the 
emphasis will be on customer satisfaction: market 
uncertainty and technology uncertainty. Who is the 
customer and how is he/she going to adopt and use 
the new technology? This combination of uncertainties 
leads to all sorts of unanticipated quality and reliability 
problems (see figure 2.3). 
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As reliability is often defined as the probability that a 
system will perform it's intended function (statistics) 
for a specified period of time (time) under 

Figure 2.3: Reference Model TU/e; the bridge 
between customer expectations and technical 
performances 

encountered operating conditions (specifications) (Meeker and Hamada, 1995; Lewis, 1994; Yang 
and Kapur, 1997; and Petkova et al. , 2000), the aspects time, statistics and specifications draw a 
distinction between the technical performance and the customer satisfaction: customers may or 
may not know how to handle this technology (specification). 

Product Life Cycle 

Figure 2.4 :The PLC by Deal (1950) 

2.3.3 More 'Soft Failures' 
Especially the wrong interpretation of dissatisfaction will 
cause the so-called 'soft failures'. Brombacher et al. (2003) 
state that the hidden 0-hours failures and early wear-out 
failures are the most relevant classes of reliability problems 
for the high-innovative business processes. Products arrive 
out-of-spec at the customer or they are able to function for 
a while but due to the extremes in the product or the 
customers. Goodman et al. (2002) discovered that 20 to 
33% of all problems could be attributed to a product or 
service failure in which a soft failure is probably in hiding. 
These kinds of failures happen early in the Product Life 
Cycle (PLC) and are found to be most critical to the PCP 
under strong TTM pressure. The so-called 'soft failures ' 
hold back the company from making profit. The sales 

volume will never reach it's maximum (see figure 2.4) and 'soft failures' should therefore most 
definitely be taken into account by the reliability management methodology. 

2.4 Soft Reliability 
The so-called 'soft failures' happen at the implicit side of the specification dimension as showed in 
figure 2.3. Different kind of product failures will happen, but what will cause the 'soft failures', how 
could it be described, and what should be changed in reliability prediction to find 'soft failures'? 

2.4.1 Product Failure 
The most common reason for product failure is not meeting customer expectations (adopted from 
Hartley (1994), Loudon and Della Bitta (1994), Settle and Alreck (1989), and Engel et al. (1995). 
Brombacher (1996) states that there is proof that component failures make up only a minority of all 
product failures. So, with reducing uncertainty in the development process, the focus must be on 
the customers, but the idea of Karmarkar (1996), that exclusive focus on customers alone cannot 
provide overall product advantage in the marketplace, must definitely be integrated in the selection 
of user profiles for usability tests to find product failures. More recent, the concept of product 
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reliability has been extended by Berden et al (2000) to include customers' expectations. Besides 
post-purchase conflicts he integrated a level that represents a conflict that will refrain a customer 

Factors Associated with Technological Product Failure 
5. Product does not have sufficient satisfiers for the customer 

4. Product does not conform to the expectations of the customer 

3. Customer states product does not work: failure can't be confirmed (soft fa ilure). 

2. Product does not conform to specification (hard failure) 

1. Product is not safe (liability) 

2.4.2 Customer-Focused Reliability 

from buying the product (see 
table 2.1). For now, the 
notice is that product 
reliability has extended 
beyond liab ility and technical 
issues suffice . 

Table 2.1: Berden et al. (2000) 

Product reliability does not depend on component reliability alone and so, the focus will be on 
products not conforming to expectations. Customers state that the product does not work. 
According to Brombacher (1996) product reliability also depends on the business processes that 
develop the product and stem from non-component causes such as defects in design and 
manufacturing. Concerning the current environment of innovation and the number one factor of 
product failure (Hartman et al.), den Ouden et al. (2004) have extended the product reliability into 
the Customer-Focused Reliabil ity (CFR) and define CFR as: ''The probability that products will 
deliver the customer expected performance for a period of time under customer use conditions." 

2.4.3 Explicit and Implicit Soft Failures 
The customer can complain about the product's expected 
performance for either a hard or a soft failure . It is the case to 
prevent these complaints in advance by testing. Brombacher 
et al. (2003) define these types of failures as functional 
failures. Even though the product may be without any physical 
failures, the customer can still reject it when it does not match 
his requirements. Two reasons for this mismatch can be 
defined; either the product is not able to meet the customer's 
specifications (for reasons other than physical failures) or 
there is a mismatch between product specifications and 
customer requirements. This mismatch is showed in figure 2.5 
(part of figure 2.3). 

Hard reliability problems are defined as situations where the 

Implicit specifications 
(customer req./soft specs) 

Specifications 

Explicit specifications 
(tech./hard specs) 

Figure 2.5 : Distinction between 
implicit and explicit specifications 
(Reference model , QRE) 

product is unable to meet both the explicit technical specifications and the customer requirements. 

Soft reliability problems are defined as situations where the product does meet the technical 
specifications yet the customer explicitly complains about the (lack of) functionality of the product 
(Brombacher et al. , 2003) . 

Geudens et al. (2004) explore the possibility to model aspects of non-technical field complaints. 
Therefore he defined soft reliability problems better as customer-experienced problems with an "in
specification" product. Other problems ("out-of-spec" problems) are classified as " hard" problems. 
In this context software failures causing out-of-spec behaviour are considered hard problems. 

When an 'in-spec' product fails, the customer is going to complain or not. He can speak out loud his 
complaints and can describe the failure (explicit) or he keeps the failure in mind and the product is 
not what the customer expects (implicit). An implicit requirement is what the customer expects in a 
product, but does not ask for, and may not even be able to articulate (Product Development & 
Management Association (PDMA), 2004). Two kinds of implicit requirements are logically from 
practise: 

The customer expects some feature but in practise the feature is disappointing. 

The customer did not expect the new feature with certain functionality and sees it as a real surprise, 
but judge the function as superfluous or inadequate afterwards. (No name found for this kind of implicit 
requirement, so ... ?) 

Interpreting the definitions and literature, a more detailed classification is made and showed in 
figure 2.6. This classification should facilitate further research. The implicit soft failure is the most 
difficult one to handle in development. It is difficult to find at the customer himself because he/she 
may not even be able to articulate, but the lack of functionality will create dissatisfaction. Possibly, 
the function was not even intended by development in the strategy phase of the BCP. 
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In this assignment the focus will be on the explicit soft failure; the product is 'in-spec' but the 
customer does not understand the product like, for example, the installation. As the customer 

Failure 
Classification 

Soft Rellablllty 
Problems 

Hard Reliability 
Problems 

Figure 2.6 : Implicit and 
explicit soft failures 

Implicit 

? 

Explicit 

Implicit 

Explicit 

experiences the 'in-spec' product as 'out-of
spec', it is assumed that it is an implicit hard 
failure. (A ventilator of a home theatre set, for 
example, makes too much noise when the 
product is used in the bedroom. The product 
comes at the service centres, but the produced 
number of decibels is within spec. After 
consideration of the place of occurrence, 
development will adjust the spec of the 
ventilator and requires an improved product of 
the supplier and easily repairs it.) An ' in-spec' 
check must take care of an easy handling of 
the complaint to prevent dissatisfaction. 

2.5 Customer-Focus 
What are factors to be gathered to find the 
explicit soft failures? Engineers have to face 
the elusive world of customers . They must be 
aware that customers expect an ever
increasing functionality and quality for 

relatively low priced products. So, the customer expectations fulfilment is an important task within 
the development of high-innovative products as mentioned by Brombacher, et al. (2004 ), Shen 
(2000), Wind and Mahajan (1997), Deschamps and Nayak (1995) etc. For highly innovative 
products it is often difficult to gain expectations, because the customers do not have a clear picture 
of what is going to be delivered yet. Additionally, a customer will be defined as the one who uses 
the firm's products or services. 

The trend in business processes is to create with product and service value for the customer. A 
business strategy is, for example, the European Foundation for Quality Management (EFQM) in 
which both the product and the business process should create value to customers. The product 
refers to the solution, 
system, response, resolution, 
deliverable or result. 
Whatever form the product 
takes, customers want it to 
work properly, to meet their 
needs, and to have that 
elusive quality. This is the 
technical element of service, 
and you're not likely to have 
happy customers without it. 
But excelling in the technical 
element alone may not keep 
customers coming back 
unless you also attend to the 
process. In fact, for many 

Leadership 
10¾ 

Figure 2. 7 : EFQM Model 

.. 
Processes 

14¾ 
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Key 
Performance 

Results 
15¾ 
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customers, the process is more important than the product (Karten, 1994). The business process 
concerns how customers feel they've been treated . This is the human element of service. EFQM has 
an integrated customer focus as showed in figure 2. 7. 'They understand that customers are the final 
arbiters of product quality. They anticipate on what customer's future needs and expectations will 
be and act now in order to meet and where possible exceed them' (1999-2003 EFQM) . 

2.5.1 Customer Satisfaction and Expectations 
The human element is exceedingly important in achieving a high level of customer satisfaction. 
Karten ( 1994) emphases that customer satisfaction is just driven by the customer's perceptions of 
the product. Their perceptions are their reality and any overlap between their view of the world and 
your own may be simply one of those delightful coincidences. She expresses customer satisfaction 
as: 

. . Your Performance 
Customer Satzsfactzon = -------''----

Customer Expectations 
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This expression complies with the definition of Hill (1996): "Customer satisfaction is a measure of 
how an organisation's total product performs in relation to a set of customer expectations". 
Correspondingly, other concepts about customer satisfaction (see appendix 7) are the 
image/value/satisfaction model by Deschamps and Nayak (1995), and the Kano model by Kano et 
al. (1984). 

The position of a certain product attribute in both models changes over time. Whereas stainless 
might have been an 'attractive' requirement in a car ten years ago, by today's standards it is more 
likely to be a 'must-be' requirement for customers (and in the meantime it was a 'linear satisfier'). 
So customers' expectations should be frequently monitored in order to maximize the potential to 
achieve customer satisfaction. Also, Matzler et al. (1996) recognizes that the different expectations 
in each of the categories vary among different customer segments. This means that a thorough 
understanding of the customer is needed to accurately determine the customer expectation on 
quality. On the other hand, according to Geudens et al. (2004), a company can exert little or no 
influence on the customer expectation construct. Be aware of the fact that fulfilling individual 
customer expectations to a great extent does not necessarily imply a high level of customer 
satisfaction (Matzler and Hinterhuber, 1998). Therefore a better definition is: "Customer satisfaction 

Product quality/ 
performance 

Customer expectations 

2.5.2 Customer Use 

► 
Customer 

Satisfaction 

Figure 2 .8: Place of expectations 
within customer satisfaction 

is a measure of the total 
product quality in relation 
to a set of customer 
expectations", (Mennen, 
2004) (see also figure 
2.8) . 

First of all, as the customer is defined as 'one who actually purchases and uses your firm's products 
or services' (den Ouden et al., 2004 in appendix 1), the customer has to buy the product before he 
can use the product and so, the customer is also the user. According to Geudens et al. (2004) the 
customer expectation is primarily a pre-purchase construct. In situations where customers are 
explicitly shown an innovation (e .g. by a fiend, salesperson, customer, at exhibitions and 
tradeshows) observation has an immediately effect on the purchase (Olshavsky and Spreng, 1996) . 
Post-purchase product performance can determine whether the customer will remain loyal. Both 
these concepts can be influenced directly by the company and are mapped very early by Howard 
and Seth in 1969 in their Theory of Buyer Behavior model as showed in figure 2.9. 

BEHAVIOURAL 
DETERMINANTS 

Personality 
Culture 

Social class 
Importance of purchase decision 

INPUTS PERPETUAL 

Products, REACTION 
services, brands Perceptual bias 

11 ► 
Sensitivity to V Feelings Facts Information ► Images Filtering of 
information 

INHIBITORS 

1, 

Price of product, brand 
I! availablllty of products, brand 

financial status of Individual 
Time-constraints on individual 

PROCESSING OUTPUTS 
DETERMINANTS Attention 
Purchase motivtion Understanding 
Available 

~► 
Attitudes 

satisfactions Purchase Intentions 
Past experience Purchase behaviour 
Judgemental criteria Purchase decision 

Figure 2. 9: The Theory 
Behavior (by 

and Seth, 
of Buyer 
Howard 
1969) 

p 
ACTUAL 
URCHASE 

OR 
PURCHASE 

OR 
DELAY 

~ 

According to Molenaar et al. (2000) the customer does not want to buy boxes with equipment. He 
wants to buy and use a service, a solution for a problem. Therefore, understanding the social
cultural-economic context in which technology will be used (as well as bought, transported, stored, 
consumed, and discarded) is critical to the design of effective new products and services (Wind and 
Mahajan, 1997). The use process from purchase to discard can be derived from a process tree 
(Mager, 1972) in which information can be gathered. 

One way to understand how different types of customers respond to new product offerings is to 
examine Rogers' Diffusions of Innovation model (Rogers, 1983) in appendix 7. Within the adoption 
process he distinguishes five factors affecting customer purchase decisions as showed in table 2.2. 
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Five factors Affecting Customer Purchase Decisions < 

Table 2.2: Five factors based on E. M. Rogers (1983) 

1. Relative advantage The benefits of adopting the new technology compared to the costs 

2. Compatibility The degree to wh ich an innovation is perceived as being consistent with 
the existing values, past experiences, and the needs of potential adopters 

3. Complexity How difficult the new product is to use 

4. Ability to communicate The ease and clarity with which the benefits of owning and using the new 
product benefits product can be communicated to prospective customers 

5. Observability How observable the benefits are to the consumer using the new product, 
and how easily other customers can observe the benefits being received 
by a customer who has already adopted the product. 

-- ·-· 

During the purchase phase explicitly expressed customer needs are mainly related to the Relative 
Advantage of prime functionalit ies and to Compatibility with respect to personal and aesthetic 
preferences. The more of these requirements are fulfilled, the more the customer will feel inclined 
to buy the product. Soft reliability problems with respect to Ability to communicate and 
Observability will only occur during the purchasing phase and will not be discussed any further 
(Geudens et al., 2004) . Clearly, a firm engaging in high tech marketing cannot afford to ignore the 
impact of these factors on their marketing strategy (Rosen, et al., 1999) . 

2.5.3 Use(r) Profile 
In addition, it is important to understand that there is not a general innovativeness personality trait 
(Kotler, 1984) to test and find soft failures in usage of a product. Implicit customer needs (i.e. 
dissatisfiers) are mainly assessed after the product is purchased. Users implicitly assume certain 
characteristics to be present in the product, and they assess or experience lack of them after sales . 
The characteristics assessed in this phase of 'out of the box' experience mainly relate to Relative 
Advantage of features, compatibility with hardware environment and Complexity (or simplicity of 
use) . See for a more detailed use process appendix 7. Here, the use profiles and the technical 
knowledge are more important than the adoption profiles for buying . Their experiences with 
previous products reflect in their usage pattern (Geudens et al., 2004; Mennen, 2004). The five 
categories, based on Rogers' innovation diffusion model are not able to sufficiently distinguish 
between different users and usage patterns. Therefore, in order to successfully implement 
operational profiles, criteria should be sought with which users can be placed in different profile-
categories. Supplemental 

Combining different requirements of the adopter and 
his technical knowledge makes correctly targeting 
each adopter category critical. Easingwood and Lunn 
(1992) found that clearly targeted products diffuse 
more rapidly than non-targeted products. 
Complicating this factor is evidence that the 
customer base changes for each stage of the PLC as 
different segments of the market become interested 
in the product at different times. Saaksjarvi (2003) 
bases this motivation on the technology adoption 
lifecycle. According to her it is likely that customers 
who have extensive technical knowledge are more 
interested in learning more about (a certain) 
technology than are novices. Therefore, 
innovativeness becomes an embedded part of the 

Knowledge 

Core ~ -----------+ Knowledge 

Figure 2.10: Saaksjarvi's technology adoption 
iifecycle (Saaksjarvi, 2003) 

knowledge dimensions (supplemental, and core). A supplement customer who is not familiar with 
equal products (only technology) does not know what to expect and has no or less implicit 
expectations and failures (see figure 2.10). One important way to reduce risk is to gather 
information (Cox, 1967) and engineers can use two approaches to draw up a user profile: 

1. Special/unique criteria of potential customers to search for extreme matters like users with a technical 
background on the product (Deschamps and Nayak, 1995). 

2. Operational profile to guide developers in more realistic testing and the possibility to track the actual 
reliability achieved (Musa, 1997). 
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Using operational profiles, as mentioned by Musa (1997) in his ~ 
Software Reliability Engineering (SRE) framework, ensure that £) 
when testing stops and the product has to be shipped, the ~ 
most frequently used functions will have received the most P•opie . . 

attention and the reliability level will therefore be at a 
maximum. Although these functions do not change over time, 
differentiating between first use and extended use is 
justifiable. Moreover, users may use a lot of the product's 
functionality in this first use phase, to test the product and 
discover its possibilities, after which some useful functions wi ll 
be used regularly and functions deemed excessive are not 

Figure 2.11: Functions used over time 
used again (see figure 2.11). 

In short, the SRE-framework provides a top-down approach to 
break down customer groups and user behaviour up until the level of individual operations, which 
are gathered, in an operational profile. At each step the frequency of occurrence of each of the 
elements of that step is quantified (Musa, 1993) and structured . Six steps can be defined: 

1. Customer profile 

2. User profile 

3. System-mode profile 

4 . Functional profile 

5. Operational profile 

6. Test selection 

The operational profile can also be used to guide managerial and engineering decisions throughout 
the life cycle, including requirements specifications, design and implementation. It ranks the 
features by how often they will be used and thus development priorities can be set. 

2.6 Product Creation Process 
Customer-focus can be gathered, for example, in a field test but must be processed in a 
development approach. The four trends in development require a fast development process in order 
to gather the right information and to deal with the TTM pressure. Models of NPD prescribe critical 
stages that organizations should go through to have a successful product launch. Regardless of the 
model, critical phases include: product idea generation, idea screening, concept testing, business 
analysis, marketing mix development, test marketing and commercialisation (Eppinger, 2000; 
Roozenburg and Eekels, 1996; Eekels, 1988). Nowadays, besides the critical phases, problems in 
the models are uncertainty control, time pressure, and information gathering which all complicates 
the feasibility of soft failures. 

2.6.1 Fast Development Processes 
The NPD requires the involvement of most of the management disciplines and according to Berden 
et al. (2000) the development process or Product Creation Process (PCP) is the heart of the 
organisation and could be seen as the primary process of a high-innovative company; additionally, 
in htis case the words NPD and PCP are interchangeable. As a consequence this PCP is one of the 
three parts of the Business Creation Process (BCP), which is showed in figure 2.12. According to 
Beurden et al. (2004) soft failures will not only be allocated to the PCP, but also to the strategy or 
sales & service of the BCP. So, most PCP efforts center on teams, and, increasingly, firms are 
looking for 'people' who can work effectively with other multidisciplinary team members 
(Deschamps and Nayak, 1995; Katzenbach and Smith, 1993). 

The PCP can be split into phases as shown in figure 2.13 in which a simplified version is depicted. 
The customer-focus must be created in the first three phases of this PCP. The last three are not 
important: the market introduction is not important because the field information gathered at the 
customer use process by call centres and service centres will come too late (Petkova, 2003) and the 
customer who is not aware or familiar with equal products will rarely complain and cannot articulate 
their problems in useful information (Beurden et al ., 2004). Purchasing and outsourcing can 
absolutely cause a failure when the ir product does not answer the customer expectation and will be 
involved for adjustment. 
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In theory, going through the stages of the PCP systematically helps 
organizations weed out the potential failures. Though the notion may arise 
that these phases are gone through sequentially, this is not necessarily true . 
Yet PCP teams most often overlook concept testing and test marketing as 
they rush to get their product to market before the competition. 
Unfortunately, this can lead to fatal errors when customer expectations are 
extremely high - or when dealing with a sophisticated customer - as is the 
case for high tech products (Rosen et al., 1999). 

1. Product Definition - Specification 
2. Platform Development - Design 

Architecture & Standard 
Design ... 

3. Product Realization .. - Realization 
I 

"I. t-'urcnasing i:s,. oucsourcing 
5. Industrialization 
6. Market introduction 

Figure 2.13: Simplified PCP 

To prevent fatal errors four development approaches are found in literature. 
These models have all different characteristics about the degree of 
innovation2, TTM, and dealing with risks of Q&R. All these four models are 
depicted in figure 2.14. Aspects of innovation such as uncertainty control and 
time pressure take care for a conflicting area in development and as a result 
a dynamic and iterative PCP will bring the best solution. 
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Figure 2.14 : Overview development models 
Slow ◄◄1---- Time to 

Market 
----1►• Quick 

2.6.2 Dynamic Iterative Process 
Eisenhardt and Tabrizi (1995) split up the four models in compression models (development process 
2 and 3) and experiential models (development process 1 and 4). The distinction indicates the way 
the process will be shortened. Strategies for speed at the experiential models, especially the 
dynamic iterative PCP, is quickly build understanding and options while maintaining focus and 
motivation. It rests on accelerated learning through iteration and testing that is combined with real
time interaction, flexibility, and improvisation. So, tactics for speed are multiple iterations, 
extensive testing and frequent milestones, instead of rationalize and then squeeze the process like 
Concurrent Engineering (CE) and sequential PCP. 

The key assumption of the experiential models is uncertainty and the image of product innovation is 
an uncertain path through foggy and shifting markets and technologies (Eisenhardt and Tabrizi, 
1995). Although sequential process stands for certainty, the association with time pressure makes 

2 In general, innovation in a sequential process is low, except for the development of complex system 
architecture such as software development. Changes may not violate the integrity of the system and therefore a 
dynamic configuration is needed which only permits change to occur when the affected portions of the system 
are quiescent (Kramer and Magee, 1998). 
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those dynamic and iterative processes the most suitable one's for highly innovative development 
environment. 
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Figure 2.15 : The dynamic model of design definition (Yazdani and 
Holmes, 1999) 

2.6.3 Iterative Optimisation 

Time 

The process becomes much 
more concurrent as all 
activities start at the same 
time to create constant 
feedback. Yazdani & Holmes 
(1999) state that milestones 
are useful in time reduction, 
but many changes are 
initiated at the milestone 
rather than earlier. This 
necessitated much iteration 
within the preceding stages 
and allowed a greater and a 
more timely influence of the 
design influences. This is 
demonstrated in figure 2.15. 

By accelerated learning by iteration the time to market can be fast, but from control theory one can 
learn that unstable models (due to uncertainty) require feedback (Berden et al., 2000). Iterations, 
testing and good communication between projects are necessary to create local feed-forward and 
local feedback (see appendix 7) to manage product rel iability in these development processes. 
Information exchange is far more intensive by iteration and informal under the dynamic product 
definition model. 

The consequences of bad information gathering is that often the perspectives of managers involved 
in developing new products seem to be at odds with the perspectives of customers (Gutman, 1982; 
Gardial, et al., 1994). For the manager, however, there is ample evidence that the focus is on the 
product (Dugal and Schroeder, 1995; Marcus and Segal, 1989). Similarly, there are countless 
examples of functionally sound designs that are extremely consumer hostile (Norman, 1988). The 
chasm between these two orientations is far wider in high tech markets for several reasons: 

1. How customers think about and categorize new products is critical (Howard 1989) . Several studies 
provide evidence that customer expectations are probably more critical in high tech markets because 
product attributes change rapidly leading to dynamic expectations (Bridges, et al., 1991; Weiss and 
John, 1989). 

2. Combining a product orientation with a technologically driven organization reinforces the supply-side 
orientation of new product developers resulting in the development of technologically sound products 
that nobody wants . 

2.7 Customer-Use Information Gathering 
Because in iterative processes information gathering will be executed early in the PCP and repeated 
in several design cycles, there is a strong need for demo or prototype planning (Yazdani and 
Holmes, 1999). Instead of finding hard failures with traditional Q&R methods on micro level, soft 
failures must be found in more macro situations where the product will be simulated to measure the 
post-purchase product performances in advance. The increased emphasis on customer focus by 
customer use and involvement has led to the situation in which companies rely not on the classical 
marketing research and modelling tools to define early customer requirements, but rather on less 
rigorous approaches, such as focus groups as a major research tool (Mahajan and Wind, 1992). 

Other methods than focus groups that the Research & Development (R&D) department can use 
during simulation are methods that are also used by marketing: interviews and observation 
(Eppinger, 2000; Karten, 1994) . According to Bossert (1991) observation is the best method since 
the customer cannot articulate and express their needs and expectations about a new innovative 
product. With observation developers can look for qualitative (subjective) information in a random 
manner. Selection of customers must be on specific criteria and is a unique process for each new 
product (Deschamps and Nayak, 1995). 

Mohr (2001) also highlights that industry newcomers often pioneer breakthrough technology and so 
it is important for the R&D department to monitor related industries for competitive moves and the 
customer expectations that are related to new technologies. 
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Table 2.3: . 
Overview 
collecting 
methods 
expectations 

medium 

high 

medium 

high 

2. 7.1 Alternative Problems 

high high medium 

high low high 

can give 
contrary 
results 

video/ medium More 
notes participants 

present in 
one group 

video high Give quick 
and 
unambiguo 
usly results 

The difficulty about gathering the right information is to choose the right test and to interpret the 
most relevant test results, aware that changes cost money. A product developer should be able to 

integrate the explicit failures observed in use 
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Simulate 
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profiles, provided that the product is already 
more concrete. When there is more and more 
known about the product, more and more can 
be simulated to discover soft reliability 
problems and to remove uncertainty by 
adjusting the product as in the spiral lifecycle 
model (see figure 2.16) . The early simulation 
can vary from a conceptual drawing early in 
the concept phase towards a functionally 
working prototype before product realisation. 

Figure 2.16 : Reference architecture creation: Spiral 
lifecycle model presented by Boehm in 1985 and was 
focused on risk management 

For demos and prototypes different 
alternatives are found in literature like 
prototyping, Computer Added Design (CAD), 
virtual reality, and The Internet and the 

consumer tests used at Philips (see appendix 7 for a detailed description). Unfortunately, none of 
these testing methods are complete enough to fulfil all the requirements of a soft reliability 
approach. Most methods find the customer dissatisfaction causes and 
use patterns, but nothing is really done with the results. The 
interpretation of customer dissatisfaction should lead to product 
optimisation. Roozenburg and Eeekels (1996) and Eppinger (2000) 
discuss the dealing with soft specs both in a different way, but both 
agree that formulating customer expectations is intuitive and very 
uncertain. Roozenburg and Eekels (1996) see expectations as the 
medium to create an optimal solution (see figure 2.17) . Eppinger in 
contrast, sees expectations as to put in a hierarchy to create success. 

Either using the expectations to create the optimal solution instead of an 
acceptable solution, or interpret expectations as a hierarchy, it is 
supposed that the costs of change will increase enormously the more 
progress is made in development (see also appendix 7). The 
argumentation of the right product adjustment is more important than 
the aspect of money in this thesis. Likewise, the lack of technological 
knowledge supports this assumption; without specific knowledge of a 
certain product nothing sensible can be said about developments costs . 

With innovation, the testing procedure has to move from the reactive 
way to the proactive way of working. The emphasis of tests will be on 
the validation of customer-use information, instead of the analysis, 
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because validation is 'success oriented' instead of 'failure oriented' (Lu, 2000). 

2.7.2 Information Criteria for Structuring 
A set of criteria is proposed by Iannino et al. (1983) for the comparison of software reliability 
models. The intention is to provide a logically organized basis for the presentation of model 
characteristics. As more and more software is included into CE (Kramer, 1999) it is plausible that 
these software criteria are suitable for comparison of soft failures3; the use of an interface is 
comparable with many phases of the customer use process like the menus for installation, and 
configuration. The customer looks at the interface and does not know how the product works inside. 
When comparing/measuring/analysing soft failures, all criteria should be considered simultaneously: 

Predictive validity is the capability of the model to predict future failure behaviour during either the test 
or the operational phases from present and past failure behaviour in the respective phase. 

Capability refers to the ability of the model to estimate with satisfactory accuracy quantities needed by 
software managers, engineers, and users in planning and managing software development projects or 
controlling change in operational software systems. 

Quality of assumptions, the clarity and explicitness of an assumption should be judged; these 
characteristics are often necessary to determine whether a model applies to particular circumstances 

Applicability; a model should be judged on its degree of applicability across different software products, 
different development environments, different operational environments, and different life cycle phases. 

Simplicity: a model should be simple in three aspects. (1) simple and inexpensive to collect, (2) simple 
in concept, (3) readily implemental. 

2.8 Processing of Soft Reliability Related Data 
As customer-focused reliability is defined as more customer oriented, Q&R methods should also 
control the soft reliability. Methods can be used to manage soft failures in theory, but increasing 
market uncertainty and product complexity makes it difficult to gather the input information to use 
these methods. Nowadays reliability methods are used to create a reliable product in the sense that 
the technical performance of the product is good. With a good list of requirements engineers can 
realise the new product but still have to regard for the changing expectations and demands of the 
customer. A lot of reliability methods are available but are not all suitable to gather and process the 
right information. Traditional Q&R methods that probably are useful in regarding customer 
expectations are Quality Function Deployment (QFD), Failure Mode and Effect Analysis (FMEA), 
Design for Manufacturing (DFM), Robust Design (RD) and Design of Experiment (DoE) (Booker, 
2003). In this section existing reliability methods as QFD and FMEA are discussed to look for 
adjustments to gather more information related soft failures (see for more reasoning about Q&R 
methods also appendix 7). 

2.8.1 Customer-focused Reliability Methods QFD & FMEA 
The first two methods, QFD and FMEA, are as a result of a literature study suitable for a possible 
application to integrate customer expectations because they are applied at the start of the 
development process (Booker, 2003) and will be discussed in more detail below. The goal for the 
development team must be to develop a product in such a way that this is easy to understand, safe, 
and in proper scale to the human form. Most important, designing products that complement the 
way people think and act is the keystone to construct design excellence. User-friendly means the 
same thing but it includes, more specifically, ease of operation, reliability of results in the initial use 
and repeatedly thereafter, and user satisfaction with the operation of the product. Operational 
information and control factors are important and discussed by Shneiderman and Gross (Preece et 
al., 1994; Norman, 1988). To what extents do the Q&R methods such as QFD and FMEA, come up 
to principles of user-friendly design? Therefore criteria of innovation are important to judge these 
Q&R methods. In previous sections aspects of innovation are discussed such as: dealing with 
uncertainty control (and as mentioned in section 2.5.1), the depth of an expectation (see also the 
collecting methods in table 2.3), the integration of expectation because it is part of customer 
satisfaction (section 2.4.1), integration of new technologies as also mentioned as one of the 
innovation approaches in section 2.5.1, the flexibility to adjust changes caused by changing 
expectations within the dynamic and iterative character of the most suitable development process 
(section 2.5.2), and prediction of relevant reliability problems including the so-called soft failures. 

3 Be aware: Do not confuse software failures with soft failures. They are not the same. 
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Both techniques and their alternatives are judged on these aspects in table 2.4. For QFD different 
alternatives such as Total Quality Management (TQM), QFD and Kano, and Integrated Concept 
Development (ICoDe) are found in literature (see also appendix 7) to improve the basic version of 
QFD. For FMEA alternatives are found in literature (see also appendix 7) to integrate the voe like 
an improved methodology by Zaitri (1995), FMEA improved worksheets by Onodera (1997), 
Reliability and Quality Matrix (RQM) by Lu (2002), and Built- in Reliability (BIR) by Tan (2003). 

Table 2.4· 
of all 
m 

N 

,,; 

,,; 

,,; 

,,; 

- No 

N Reasonable 

v Positive 

Remarks 

- More a 
philosophy 
- Three types of 
expectations 

- Focus is on the 
concept 

- Easier to 
understand by 
user 
- Worksheet for 
each stage 
- Identify risks 
and uncertainties 
- Use of AHP to 
rank customer 
needs 

Despite the development of FMEA, QFD, and their alternatives, all techniques have shortcomings. 
Many existing reliability methods stop after prediction is made and they do not take into account the 
effects of evolutionary effects in product development, manufacturing and customer use. The 
integration of QFD and FMEA made it possible to predict, verify and reduce the identified reliability 
risks, but they are not able to handle reliability risks resulted from customer expectations and their 
soft failures. FMEA has been noted to be unable to differentiate uncertain information from certain 
information (Lu, 2002) and is less likely to be truly customer oriented in this situation. Furthermore 
it is a proactive, preventive approach rather than an after-the-fact analysis tool. Constructing the 
FMEA relies on product knowledge, engineering expertise and intuition; the lack of customer 
orientation, especially in the early stages of the product development process. Typically, the voe is 
not included during the construction of FMEA and prioritisation is done from a manufacturers' point 
of view. QFD is useful to create a good list of requirements when the customer expectations are 
predictable. When you, as designer has to interpret customers' judgement you must be very sure 
that you have choose the right level of detail. These requirements are the start of a very intensive 
process. According to Akao (1990) a Design Review (DR) is very important since it represents an 
opportunity to inspect the design itself but with high uncertainty at the beginning this is not 
suitable. When you look at writing down all these levels and elements it is a very administrative 
task and it is not flexible to adjust requirements (Bossert, 1991, Schmidt, 1997). Schmidt (1997) 
also recognizes that QFD has only been partially implemented in practise and the method is not 
user-friendly. QFD is not used in how it was intended. 

2.8.2 Motivation for Soft Reliability 
In conclusion, there is lack of reliability methods to quantify and model soft failure related product 
reliability if the product is used within its technical specification but out of customer expectations. 
Soft reliability methods should (as showed in figure 2.18): 

Understand customer satisfaction factors to establish the customer requirements 

Adjust product specifications in order to create a customer-focus 

Be proactive and reactive in nature during product realisation 
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Overall, ensure global product optimisation due to customer satisfaction maximisation on macro 
level by discovering and interpreting the right information about customers and their use patterns 
and by using a dynamic and iterative development 
process. 

Customer A framework that has potential to become the solution 
for soft reliability problems is the development of 
software. Since the amount of software in consumer 
electronics has increased significantly (de Graef, 2001; 
Kramer, 1999) and though specifically tailored for 
information structuring in a software development 
environment, it has been argued to be useful for 
electronic hardware devices as well (Himanshu et al., 
1994). This supports the suspicion that the frequently 
used Software Reliability Engineering (SRE) framework 
of operational profiles can be applied to analyse soft 
failures in development. 

maximization 

2.9 Conclusion and Discussion 

Figure 2.18: Customer satisfaction 
maximisation 

Insight is created in dealing with soft reliability problems. Roots of soft failures are found 
everywhere in the BCP as well as in the PCP as showed in figure 2.19. The focus will be on the soft 
failures that can be influenced by the development team in the PCP and which subsequently take 
care for an adjusted design before the product is going to be realised in production. Resources to 
gather the right information should be iterative testing of the interaction between customer and 
product in order to create local feedback and feed forward to timely undermine the soft reliability 
problems. 

Strategy 
BCP 

PCP c:====:> 
Sales 

PCP 
Specification 

Designc:====:> 

Realisation 

Figure 2.19: Possible roots of soft failures in the development process 

feed! foll'Waiu-di 

The focus of soft reliability problems will be especially on the explicit soft failures. The motivation is 
based on Saaksjarvi's technology adoption model (see also section 2.4.3). According to her the 
development team will never be capable to predict soft failures and should therefore look at the 
customer side. Especially the reason why customers adopt a technology and how they are going to 
use the product is relevant data to find the right customer use information. The development team 
is depended on the findings and experiences, and the complaints and irritations the customers tell 
them during information gathering. 

For information gathering in principle all customer groups are valuable. Each group uses the product 
with another intention and views soft failures in a different way. What is experienced by different 
groups is valuable information for the development team. Seeing that, the development team is 
very depended on what customers show during observation and try to articulate what the problem 
is. The customer produces both implicit and explicit information with as result that the implicit 
information is difficult to figure out and that the explicit soft failures offer a more solid start for a 
feasible soft reliability approach. 

Because no Q&R method is available at the moment to analyse soft reliability problems, a method 
should be developed which comply with all requirements for dealing with soft failures. Preliminary, 
insight should be given in the soft failure problems. Without interfering in testing and processing, 
the focus in chapter 3 will be just on the translation of gathered information into product design. 
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Chapter 3 

Iterative Soft Reliability Management 
In literature an overview is missing to resolve the root causes of soft-failures in the product design. 
In this chapter most of the factors that are of influence on soft failures will be integrated in a 
system to create insight in the prevention actions. As shown by Beurden et al. (2004) soft failures 
can be related to all aspects of the BCP but mainly to the PCP. The missing link in their research is 
between the soft failures that showed up in service centre data and the cause of such failures in the 
development process. In this chapter an iterative soft reliability management system is proposed to 
construct the missing link not for field data, but for the soft failures that showed up in early 
consumer tests. 

3.1 Introduction 
To solve soft reliability problems the focus 
should be on the processing of soft failure 
related data. Manners to gather information 
are in abundance, but the way in which 
engineers translate the soft reliability related 
data from a customer requirement towards a 
technical specification (see figure 3.1) is rare. 
Soft reliability management has the attention 
to 'control' soft failures. To create certainty in 
the controlling process iteration is necessary to 
make an in-depth analysis for a right decision. 

In this chapter the soft reliability system is 
going to be developed by looking at potential 
models (section 3.2) and by adapting their 
central issue (section 3.3). The discussion on 
the adaptations should create parts and mode 

Customer 
expectation 

Realisation 

Technical 
specification 

Figure 3.1: Iterative Soft Reliability Management 

of thoughts for the final system that will be showed and described in section 3.4. How the soft 
reliability approach should be used is described on the basis of several steps in section 3.5. The 
positioning and the design rules of the proposed approach are discussed in section 3.6. Finally, this 
chapter will end with a conclusion. 

3.2 Review of some Potential Methods 
Before creating a new processing model for understanding soft failures in order to prevent such 
failures in future, background information is gathered on some potential models. Each potential 
method such as the Customer-Focused Reliability (CFR) approach, the SRE framework, and the way 
specifications are treated in software development are found in literature but do not satisfy the total 
pace of translation, as discussed in the next section . 

3.2.1 Customer-Focused Reliability (CFR) Approach 
The observation that classical technical reliability definition does not take the soft failures into 
consideration motivates a CFR approach. In addition, a quantitative model based on SRE is 
proposed by den Ouden et al. (2004) to analyse CFR further. By using reliability-related customer 
profile and reliability-related customer use profile information, this model can be used to 
quantitatively analyse how often certain CFR problems are caused by different types of customers 
and different ways of customer use for highly innovative CE products. This approach is a benefit for 
the framework because it is used to analyse root causes related to customer and customer use 
simultaneously. 

The CFR approach is based on the operational profile theory that is often used in SRE to 
quantitatively characterize how a software system will be used. An operational profile is simply a 
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set of alternative operations (elements) and each with a probability that it will occur. They make 
distinction between reliability-related customer profile and the reliability-related customer use 
profile. Customer use can be differentiated in customer-operational profile and product-operational 
profile. In addition, soft failures in CFR are obviously related more to a customer-operational profile. 

For calculating the probability of occurrence that the product will fail at a typical customer profile, 
the following profiles and probabilities are needed: 

1 The customer profile 

2 The probability of real use 

3 The use profile 

4 The probability of failure 

For a test the development team chose a customer according to a beforehand given profile (1), but 
does a customer profile like a laggard really use the new product in practise (2)? Does a laggard use 
the same product functions as an innovator (3)? Does he read, for example, the instructions for 
use? And what is finally the probability of failure (4)? Important in this approach is that a customer 
profile is not static and that each customer uses a product differently. A customer can be confronted 
with an innovative product, but it is possible that he/she is not yet ready for using the product. This 
unpredictive aspect of use is supported by the theory of chaotic thinking (Eijnatten, 2003) . 

A missing element in the customer-operational profile is the environment in which he/she uses a 
product and the learning capacity. The connectab ility with other products becomes more and more 
important in the world of CE (Kramer, 1999) and the logical manner of operations is increasing. 
Another disadvantage is the calculative character of the approach: series of probabilities will not 
always give a realistic answer and will become difficult to understand. 

3.2.2 Adapted SRE-framework 
Although software failures are not equal to soft failures (see also section 2.6.2), the SRE-framework 
can be used to analyse a soft failure with the matching customer profile till operational level. 
Instead of a top-down approach to break down customer groups and user behaviour till the level of 
individual operations, the development team should analyse the customer groups and their user 
behaviour till system-mode or function and after that they can match the right component or 
subassembly of the product to the soft reliability problem instead of choosing a test selection. The 
adjustment of the theoretical model is shown in figure 3.2 and the theoretical pace is more 
important to retain than the execution of these steps. The input for the theoretical model stays the 
gathered soft failure information early in the process. 

1. 

2. 

3. 

4 . 

5. 

6 . 

Customer 
profile 

User profile 

Figure 3.2 : Top-down approach for soft 
failure in adapted SRE framework 

System-mode > profile 

Functional 
profile 

Operational 
profile 

Test selection 

1. Customer 
profile 

2. User profile 

3. System-mode 
architecture 

4 . Assembly on 
function 

s. Key component 
hardware/software 

6. e.g . a chip 

3.2.3 Specification treatment in software development 
The best manner to gather information about the treatment of product specifications is looking at 
existing development approaches where a lot of specification modification takes place. Where 
specification modifications happen to a great extent is, for example, the software development 
(Kramer, 1999). The development of technical specification of high-innovative products inevitably 
involves, just like software development, modification and evolution within the development 
process. To support modification from customer requirements towards a technical specification, 
where goals and properties as established in the strategy phase of the BCP, the development team 
should make use of a cycle composed of two phases: analysis and revision as proposed by d'Avila 
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spec I 
Garcez et al. (2003). These two phases go beyond the CFR 
approach and the SRE framework and end up in abductive 
reasoning and inductive learning in which the translation 
problems for the development team are embedded . 

scenario s 

The development team should notice in the analysis phase that 
a soft failure should be checked against a partial specification. 
Should the property be violated and due to that a soft failure 
occurs, extra diagnostic information is provided. In the revision 
phase, the extra information is used to help modify the 
specification in such a way that the new specification no longer 

/

spe: ~ - . 

~ spec' 

violates the original specification (see figure 3.3). The revision Figure 3.3 Cycle of requirements 
phase should change the given specification (Spec) into a new ~ecificaiio~ e~~~ji)on (d 'Avila 
(partial) specification (Spec') - by making use of extra arcez e a ·, 
information obtained from the analysis phase (possibly combined with scenarios provided by other 
customers, developers or stakeholders) - in such a way that Spec' no longer v iolates the system's 
property in question. 

description D • 

examples 

" 
abductive 
reasoning 

Figure 3.4: Combining abductive 
reason ing and learning (d'Avila Garcez 
et al. , 2003) 

An instance of the above analysis-revision cycle that 
combines new techniques of logical abduction and inductive 
learning to analyse and revise specifications respectively is 
investigated by d'Avila Garcez (2003). More specifically, 
given a product description D done by management and a 
product specification P done by development, abductive 
reasoning is applied in refutation mode to verify whether the 
description satisfies the specification and, if it does not, 
identify extra information in the form of a set of examples of 
specification violation derived from simulation test early in 
the process (see figure 3.4). Abduction is a constructive 
reasoning process that identifies the set of assumptions 
needed early in the process by lack of a complete product in 
order to check the product description D and its 

consequences. Finally, induction is a synthetic reasoning process that produces general rules from a 
collection of test examples, so that it can be generalised to more products. So, inductive learning 
considers being a revision technique and should be kept in mind as analysis and revision. 

3.3 Adaptation of Potential Methods 
Before the adaptation of some potential methods is discussed, first the researcher will extend the 
soft failure classification. The analysis of a soft failure as defined by Brombacher et al. (2003) is 
extended for a better understanding of the pace of soft failures. It creates insight for the 
development team in the possible failure causes within the PCP. The CFR approach and the adapted 
SRE framework will also give insight in soft failures but then on another research area, such as the 
relative importance of a soft failure and the pace from customer towards a product. Finally the 
steps of thinking how the product developer should adjust a specification is discussed. 

3.3.1 Extended Failure Classification 
The definition of a soft failure by Brombacher et al. (2003) is more extended (as showed in figure 
3.5) as a result of reading about customer satisfaction and discussion with Beurden et al. (2004). 
To express customer satisfaction the customer makes different kinds of remarks that are implicit or 
explicit. In the case study done by Beurden et al. (2004) examples are found to assume that both 
kind of soft failures exist. This outcome corresponds also with their statement that soft failures will 
not only be allocated to the PCP, but also to the strategy formulation of the BCP (implicit soft 
failures) . Failures found in the field or third part of the BCP, Sales and Service, are not relevant in 
this thesis, because the position of the framework is early in the development process and not at 
the end at the customer use. 

Due to his classification decisions have to be made twice and this decision-making process is 
indicated according to the flowchart symbols (Memory Jogger, 1994) in figure 3.5. The first decision 
has to be made immediately after a soft failure is found according to the definitions as given in the 
figure. The second decision is based on whether the product is experienced in-spec or out-of-spec 
by of the customer. The developer has to trust on his product knowledge and has to decide if the 
failure is easy to solve by adjusting one or more specifications (see the ventilator as example in 
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Figure 3.5: Extended 
failure classification 

Implicit Soft 
Failureb 

Decision-making 

III. Accord ing to defin it ions b 
and c 

I V. Difficult or easy to solve 
within specification list 

Definitions 

a. Situations where the product does meet 
the technical specifications yet the 
customer explicitly complains about the 
(lack of) functional ity of the product 
(Brombacher et al. , 2003) . 

b. Failure is a missing functional ity in the 
eyes of the customer, but not integrated 
due to management and development 
and is not retrievable in specification list. 

c. Failure can be deduced from the product 
t hat completely meets the technical 
specifi cation, but its functionality is not 
understood by the customer. 

d. Customer experiences the in-spec 
product as an out-of-spec product and 
can be simply solved by the adjustment 
of one or more specs . 

e. Def. c + ... and the failure is not easy to 
adaot in one or more soecs . 

section 2.3.3) and can easily improve the product by production change or different purchase 
component. So, the definition of an explicit soft failure ' becomes: 

"A Soft failure can be deduced from the product that completely meets the technical specification, 
but its functionality is not understood by the customer and the failure is not easy to adapt in one or 
more specs. n 

3.3.2 Relative Importance Identification 
The developer has to deal with a lot of information aspects such as reliability-related customer 
profile as well as the reliability-related customer use profile in the CFR approach. These aspects are 
needed for interviewing in order to provoke soft failures in an early simulation. The approach should 
give answer to whether these aspects are important enough to decide if the product specification 
will be adjusted or only will serve for the next generation of products. Therefore a lot of questions 
should be asked. Examples are: 

As developer you depend on the defined customer profile. Is the profile relevant for the support of your 
decision to adjust the product or not? 

Will the next generation of customers make the same mistakes or failures in future? Or have they 
gained experiences in time? 

When do you adjust the design of the product? On the basis of one specific failure? Does the failure 
itself give enough confirmation to change the product or will you learn form previous failures? 

When do you adjust the design phase of the PCP? On the basis of one specific product or will you learn 
from previous developed products? Is it for each innovative product different? 

As a result of these questions uncertainty will raise in the decision-making process. All the aspects 
together should create a reliable picture of the current and future situation of the product. Not all 
information is equally relevant and the prioritising of the information is further called the relative 
importance in this thesis. 

The CFR approach weights the information by means of the use of the probability of failure in the 
field. So, not the calculative character, but more the thinking about the probabilities of the 
ca lculation should be used to determine the relative importance. The development team should 
determine if a complete root cause analysis with customer background information gives enough in
depth information to decide if the soft failure is (see figure 3.6): 

important enough to adapt the product specification (yes) 

less important for the time being, but an important aspect for the next generation 
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Root cause analysis 
of soft failure 

A third option should be to neglect the soft 
failure information, but this is just the issue of 
this thesis: all guarantees should be offered to 
prevent soft failures in future. Since money 
plays no part in this thesis, neglecting 
information is forbidden . 

Next generation Sometimes the decision can be made in order to 
postpone the adjustment of the product to the 
next generation . The decision is based on the 
feasibility concerning time and/or money. The 

~ ----Y~e~s-~ missing or not yet adjusted product 
Adjust PCP Figure 3.6 : Relative importance requirements will be input for the next 

~------ ~ of a soft failure generation of products . This is possible when 
these decisions are made very early in the 

design phase of the development process, because through a CE approach for example, the next 
generation strategy establishment will be in progress already. 

3.3.3 From Customer Profile towards Product 
The top-down approach from customer profile towards a component of a product in the conceptual 
SRE framework as showed in figure 3.2 should be useful for the translation of a customer 
requirement to the product specification. The background information of the customer profile should 
be translated to the product specifications in the design phase by prioritising relative importance 
criteria . 

As the PCP is depicted as a development cycle of specification, design, and realisation, the 
translation should be focused on the design phase. In the design phase the products becomes more 
concrete and can the post-purchase performance be simulated. Another statement for the design 
phase is stated by Beurden et al. (2004) that most soft failures are allocated to the design phase. 
Differences with this thesis are that they used field data from service and call centres and that in 
this thesis the researcher needs early customer use information in more detail. 

3.3.4 Analysis and Revision 
The way of thinking to deal with specifications in the software industry should be analysed furhter. 
The development team should be creative in analysis and revision in order to find a solution for the 
soft failure found at the customer side early in the process. The decision moments (indicated with I 
and II in figure 3.5) in the extended failure classification should be replaced by the steps of analysis 
and revision. Additionally, these steps are the thinking pattern for the development team . 

The revision part of the specification modification process depends on the knowledge and 
experiences of the developer as depicted in figure 3. 7 . The learning aspects are good examples of 
the continuous learning process as mentioned by Berden (2000) . In this thesis with literature about 
dynamic and iterative development processes it should be called iterative continuous learning. So, 
the development team should now make 
propositions on the soft failures found in 
each iterative simulation of post-purchase 
product performance and combine all 
results in order to create (cor)relation 
within possible failure causes. Then, they 
have to find a solution with logical thinking 
by analysis and revision. 

Another advantage of iterative continuous 
learning is that engineers create more and 
more revised knowledge to become a more 
specialised expert in a certain product and 
its customer use. 

revision ( --------------- ': 

examples • 
I ---~~~~-~i.':~-•-•,, ! --------- i 
: ~ : 2 : 
I ----- I : 

1 

! background >--'if--1-+-: _;--ne.i.u-ra-1-, I 
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I 
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extraction .. ------------·----.. 
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' ' . ' 
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I 
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Figure 3. 7: The translation from logic to neural networks 
by the developer (d'Avila Garcez et al., 2003) 
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3.4 The Soft Reliability Translation (SRT) Framework 
Based on the early discussion the researcher proposes the Soft Reliability Translation (SRT) 
framework as showed below in figure 3.8 and the detailed description will follow. 

Figure 3.8: The Soft Reliability 
Translation Framework 
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Next generation 
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3.4.1 Description of framework 
For the description in figure 3.9, follow the pace in the middle and when a certain soft failure will be 
separated, a textbox at the left or right side gives more information about the final categorisation of 
the three kind of failures (implicit soft failure, implicit hard failure, and explicit soft failure'). 

Implicit Soft Failure 

Besides explicit failures, 
also implicit failures can 
appear in the data set. 
According to the 
definition given in 
the extended 
failure classification 
this is a 
missing functionality in the 
eyes of the customer. 
Management should revise 
this complain and adapt it 
into the value proposition 
for the next generation of 
products. The development 
team is not responsible for 
this kind of soft failures. 
Engineers are 
commissioned to design a 
product with specific 
characteristics that is 
established by 
management. 

Important is the start in which the 
establishment of the start conditions are 
made in which the framework can be 
used. The input of the framework will be 
data generated with simulation tests. On 
test data several criteria and start 
conditions can be adhered to ensure 
quality of the soft failures. Because no 
interference with the test procedure is 
assumed, the simulation/test engineer 
will hand in data that contains a: 

Soft failure 

This data should be suitable for the next 
step of failure classification according to 
the definitions in the extended failure 
classification in the framework with as 
result : 

Explicit Soft Failure 

The explicit soft failure' left after 
classification should be solved and then 
translated to the product design. But 
first an 'in-spec' revision should take 
place to separate the failures that are 
easy to handle in the development 
process. 

Explicit Soft Failure' 

Finally, the real explicit soft failures' will 
remain. Now it is the question If the 
failure should be adjusted and translated 
into the product design or into the 
strategy phase of the BCP. When it goes 
back to the strategy, the failure will not 
be treated at this time, but maybe later 
in the next generations' products. 
Important is to focus on the relevance of 
finding a solution for the soft failure. 
When time and money are important 
aspects, management will often decide 
to include the adjustment in the next 
generation of products. When it are 
failures with serious consequences, easy 
to handle or to surprise the customer 
considerably more, engineers will solve 
the failure before the product will be 
produced in full-scale production. The 
relative importance should assure that 
the product really optimised enters the 
market: optimisation to the best of the 
development team's ability. 

3.4.2 Decision-making 

Figure 3. 9: Description of 
the framework 

Implicit Hard Failure 

For the solution of these 
failures, small adjustments 
should be made in the 

specification list of the 
new innovative 
product. Often these 

failures are experienced 
by the customer as out

of-spec, but according to 
the engineers and service 
department the product is 
meets all technical 
specifications. 

Three moments of decision-making within the development process are represented in the SRT 
framework with a diamond as depicted in figure 3 .10. The first two moments are already mentioned 
in the extended failure classification (see also section 3.3.1) and the last one is named relative 
importance identification and is derived from the CFR approach (see also section 3.3.2). The 
analysis ( 1) and the revision (2) take care for the right decision about the explicit soft failure' 
classification and the relative importance identification (3). takes care for the decision whether the 
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explicit soft failure is important enough to adapt the product and process now or in the future to 
serve the next generation of products. 

The three decision-making moments: 

1. Analysis: implicit/explicit 

2. Revision: "in-spec" check 

3. Relative importance 

0 
A diamond shows those points In 
the process where a yes/no 
question Is being asked or a 
decision Is required . (Memory 
Jogger, 1994) 

Figure 3.10: Decision-making symbol 

i\d 1) The first step is to decide in which part of the BCP the result of the soft failure will bring 
changes; in the company's product strategy, or the PCP. Then analysis of the information in which 
the big question is whether the soft failure found is an implicit or an explicit soft failure and to which 
business process it will belong. Possible criteria questions are: 

Do you categorise the failure as implicit or explicit soft failure according to the definitions in figure 3.6? 

Is the failure (a missing functionality) retrievable in the specification list? No -> Implicit. 

Is the failure be deduced from the product that completely meets the technical specification a 
misunderstanding of the customer? Yes -> Explicit. 

L'l.d 2) An "inspec" check filters out the implicit hard failures. In this context soft failures that cause 
out-of-spec behaviour in the eyes of the customer are considered as hard problems (see also 
Geudens et al., 2004) and will be solved immediately by an easy adjustment of the product 
specifications. 

l\d 3) The developer has to deal with a lot of background information aspects that should be 
prioritised to make a mature decision about the explicit soft failure'. Considering the relative 
importance is needed to prevent soft failures in future design as earlier discussed in section 3.3.2. 

3.5 The SRT-framework Step by Step 
The use of the framework is simply to follow the pace as described in the previous section, but the 
question is whether the on theory-based framework is feasible and usable in practise. Therefore, 
the framework is split up in three steps as showed in figure 3.11. These steps must ease the 
feasibility and will be described below. To test the feasibility of the SRT framework, step(l)-to
step(3) will be validated by a case study as described in the next chapter. 

The choice for a case study is based on 
Verschuren and Doorewaard (1995). A case 
study has the most suitable characteristics for 
fitting this thesis. It is a research in which the 
researcher tries to create in-depth insight in a 
single restricted object or process such as the 
pace of the interpretation of a soft failure 
translated into a product specification . A second 
characteristic is the more in-depth working 
method than an approach in breadth. The depth 
should be achieved by a labour-intensive data 
generated method such as a face-to-face 
interview. This corresponds with the early 
simulation of the post-purchase product 
performance early in the development process. 
A disadvantage is that the externally validity is 
under pressure. So, the researcher will chose 
for a strategic random sample in which the 
researcher will be leaded by the conceptual 
SRT-framework. 

3.5.1 Step 1 - Quality of Data 

N 
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~ .... 
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Figure 3.11: Three steps oft 

To establish the start conditions before bringing the framework into use, the input data generated 
with simulation tests should come up to a set of criteria. These criteria and start conditions can be 
adhered to insure quality . Iannino et al. (1983) mentioned several criteria earlier in the previous 
chapter to insure quality in the software development. These criteria will be applied in this thesis 
and therefore the adjustment for these criteria requires more clarification: 
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Predictive validity is the capability of the framework to predict future failure behaviour during either the 
simulation test or the operational phases from present and past failure behaviour in the respective 
testing phase early in the development process. The gathered data should reflect the reality and should 
be relevant for the purpose of the framework. 

Capability refers to the ability of the framework to estimate with satisfactory the quantities needed by 
the development team, and users in planning and managing development projects or controlling change 
in operational systems. The test/simulation engineer should be capable of generating useful information 
for the user of the framework. The information of the respondents should be significant to replenish the 
background information and knowledge of the development team, so that they can make an 
unambiguously decision . 

Quality of assumptions, the clarity and explicitness of an assumption should be judged . These 
characteristics are often necessary to determine whether the framework applies to particular 
circumstances. Whereas the product is often not in its final state during simulation, assumptions 
concern ing the product should be made. To prevent inefficient testing the assumptions should be 
judged by the expertise of the team members. During the design phase these experts should realise an 
iterative update for the assumptions. 

Applicability; the framework should be judged on its degree of applicability across different high
innovative products, and different life cycle phases. The framework should be a solution for all sorts of 
industries, and in the test phase all possible life cycle phases should be simulated. 

Simplicity: the framework should be simple in three aspects. (1) simple and inexpensive to use, (2) 
simple in concept, (3) readily implemental. The framework has potential to be simple because of 
methods like 'think-aloud' observation and interviews, and simple in concept by the common pace of 
definitions. 

The predictive validity mentioned by Iannino et al. (1983) can be generally expanded with four 
types of validation mentioned by Aken et al. (2002); construct validity, internally and externally 
validity, and recognisability validity. These are not especially predictive, but more applicable in 
general business process design, testing, and simulation. Essential for construct validity is the 
establishment of definitions for a good functional framework as showed in figure 3.5. The internally 
validity concerns the relation that is linked with the phenomenon of soft failures and the 
development team . This should be high when as much as possible essential causes are found in a 
case study that will be discussed in the next chapter. Useful is triangulation between the researcher, 
the TUe, and Philips CFT to map the pace of soft failures using a dataset of Philips. Externally 
validity makes reference to what extent conclusions can be generalised towards other high
innovative products. This research is in principal not generic, but the used methods and work 
schedule should be reproducible for other products. Finally, recognisability validity is of great 
importance at practical experiences (Van Dijk et al., 1991) and concerns the change management 
of the quality of the research . This internal research has less potential in recognisability, but as 
discussed earlier in section 1.4, the subject of soft failures is a relevant item in industry. 

3.5.2 Step 2 - Extended Failure Classification 
A failure classification description should prevent an invalid classification. Two approaches are 
possible to create a valid classification. First, the classification can be done by means of the 
definitions given in section 3.3.1. In the second place, classification is possible by the attribution of 
soft failures to the three factors affecting customer purchase decisions based on Rogers ( 1983). 

The first approach takes care for the fact that each engineer makes the same failure classification . 
The main point in the definitions is the specification list. If the failure or complain can be retrieved 
in the product and its specification list, the development team can make progress with the explicit 
soft failures . Otherwise, the soft failure is send back to the management and its "Value Proposition " 
to revise the product strategy. Decisions on the company's strategy belong to management 
(Berden, 2000; Walker, 2003) and determine the concept of a new product by means of a Value 
Proposition House. Companies who use this marketing tool are, for example, Philips and Shell 
(Jakobsen, 2004; Perrey et al., 2004). Management needs not only soft failures for input, but also 
'dreams and illusions' of customers, the development team, and stakeholders . This information 
concerns the future of the high innovative product as well as the future of the company's strategy. 
As a result of the framework, the management should make a roadmap for coming years of all the 
generated customer requirements that are separated from the explicit soft failure' to the Value 
Proposition House. The next generation flow in the framework can be exploited by management for 
creating an image of the future. 

The second possibility (for less accurate) classification is the allocation of a soft failure to one of the 
three factors affecting customer purchase decisions by Rogers (1983) that possibly cause a soft 
failure . The three factors are: 
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1. Relative advantage: the benefits of adopting the new technology compared to the costs. 

2. Compatibility: the extent to which adopting and using the innovations is based on existing ways of 
doing things and standard cultural norms. 

3. Complexity: how difficult the new product is to use. 

When the soft failure or complaint can be allocated to one of these three factors, the soft failure is 
an explicit soft failure, because the customer makes his comparison between the post-purchase 
product performance and the pre-purchase product expectations explicit by talking. When the soft 
failure has nothing to do with relative advantage, complexity, and compatibility in use, the soft 
failure is possibly an implicit soft failure and belongs to the strategy phase of the BCP. The customer 
expects something in a product that is totally not represented in the product. 

3.5.3 Step 3 - Relative Importance Identification 
The conditions in which a soft failure is discovered or provoked must be validated to decide if the 
failure applies for the whole group or only potential customers. For revision of the specification they 
should analyse all aspects of the failure to identify the relative importance of the root cause. 
Therefore, the probabilities of the CFR approach (see also section 3.2.1) are observed within this 
list, just as the customer requirements stated by Kano et al. (1984) (see also section 2.4.1). The 
team must focus on: 

1. The customer's relation with the product 

2. Type of user (user profile) 

3. Type of customer requirement: must-be, linear satisfier, attractive (Kano) 

4. In which usage pattern (use profile) 

5. When and in which environment 

6. Reproducibility of failure or is it coincidence 

7. Frequency of failure; to a certain extent of serious consequences 

8. Time remaining for product launch or next generation 

9. (Costs of change, but assumed is that costs are left out) 

Unfortunately, field information is seldom completely noted as experienced by Beurden et al. 
(2004). The information of early simulation tests in the PCP should make a difference; more details 
to find causes and make decisions. It is up to the development team to give priority to these criteria 
of influence for the identification of the relative importance. Moreover, each product and each failure 
is different in each situation. 

L:,d 9) Solving all found problems is too expensive in real business processes, so when money is 
excluded the decision must be based on significant data. 

n d 8) Change and adjustment could also mean too much time. 

l',d 7) Most important is the seriousness of the consequence of a soft failure in combination with the 
frequency of failure. The frequency can be expressed in the probability of failure and can be 
established by means of reliability methods such as FMEA. What should be done when something 
happens only once in simulation, but with a disastrously ending? 

6d 6) Coherently with ad 7) determined should be whether the failure is reproducible or not. If an 
innovator of an early majority customer can destroy the product in the same way, the failure is no 
coincidence. Often the people involved in the development of the product are not representatives 
for such a test. They cannot destroy the product, because the manufacturer very well understands 
the functionality and the operation procedure is well known. 

l',d 5) Important is to simulate the product in different situations and on different points in time. Use 
a product in the dark and daylight, use it in cold and warm wetter, use it early in the morning and 
late in the evening in a domestic environment, etc. Try different combinations, but ask yourself if 
the combination is relevant just like in lid 7). 

L1d 4) Is the failure found in the mainly used basic functions of the use profile or in the advanced 
functions. Can these functions be found in the instructions for use and does the reading of the 
instructions fit in the use profile? What is the probability that a user reads the instructions? 
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L\d 3) How much value is attached to the solution of the soft failure? Is the solution necessary 
(must-be), a linear satisfier, or more an attractive requirement (Kano et al., 1984) that creates high 
value for the customer? 

Lid 2) Is the user a light or a heavy user? a heavy user possesses probable more knowledge and will 
probably be faster in adopting the product. What is the probability of first use early in practise? This 
is important to know for the adjustment. Is the adjustment concerning an innovator, then the 
procedure must be quick otherwise a delay is less terrible. 

'1d 1) All type of customers can be asked for a simulation test, but what is the probability of real 
use in practise? Is it really important to make a high-innovative product suitable for an old grandma 
of eighty years old? 

In short, preventing a soft failure in the BCP, or more specific at the design phase of the PCP, the 
development team always has to continuously analysing data concerning soft reliability problems at 
the different moments in time. 

3.6 Positioning 
The framework should be positioned at the start of the PCP as soon as the first simulations of the 
post-purchase performance of the product can be carried out (see also the spiral lifecycle in figure 
2.17). During information gathering the framework should be used till the product creation is 
finished. The use of the framework should be an iterative activity in order to create a local feedback 
as well as a feed forward process. In figure 3.12 the framework is showed as a black box. 

Customer 
operational 
profile 

Product Creation Process 

Specification 

Figure 3.12: Position 
of framework in the 
PCP 

3. 7 Conclusions 

Design Realisation Use 

Field feedback for next 
generation products 

This chapter proposed a framework to translate customer expectations into the design phase to 
prevent soft failures. This framework is constructed and supported by literature about potential 
methods: 

The CFR approach is a benefit for the framework because it is used to analyse root causes related to 
customer and customer use simultaneously. Disadvantages of the approach are that it is only carried 
out with field reliability data, the environment of the customer is not included, and the approach has a 
calculative character. 

The SRE framework is a top-down approach that can be adapted to create a pace from the customer 
profile to the product component. 

Specification treatment in software development is very useful for preventing soft failures in high 
innovative products. The think pattern for the development team is equal in both cases and so the cycle 
of analysis and revision can be adapted for the framework. 

The final definition of an explicit soft failure' is: "A Soft failure can be deduced from the product that 
completely meets the technical specification, but its functionality is not understood by the customer 
and the failure is not easy to adapt in one or more specs. " 
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On the basis of the extended soft failure classification decision moments in the framework are 
established: 

An important decision is the relative importance with as result that the soft failure will be adjusted in 
the design phase or it will be used for the next generation of products. 

The relative importance creates an iterative continuous learning loop in which experts still can improve 
by the extraction of revised knowledge of a special product with certain customers. 

Remark : Neglect soft failure information is forbidden. 

Finally, to glance trough the SRT framework three steps are proposed based on the earlier 
discussions: 

1. The quality of data must be checked for validity. 

2. The failure classification must be done in such a way that each engineer or expert makes the same 
classification. 

3. The translation of the soft failure prevention information is a consideration of several aspects 
concernin9 the customer, the failure, and the process. 

In the next chapter, a case study will be presented to validate the SRT framework. As a case study 
will not be a continuous test, the intention should be to do more iteration but basically the 
validation process will be described in accordance with the steps as mentioned above. 
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Chapter 4 

Theory Testing 
For testing the SRT framework, a case study is applied as described in this chapter. According to 
Petkova (2003) a nice example of high-innovative products in which both technological and 
marketing conditions are rapidly changing is the Consumer Electronics (CE) industry. 

4.1 Introduction 
The new products in the CE industry are high tech complex products. The products have often 
multiple product functionalities, embedded software and a complex user interface. It takes often 
quite some time for the users to understand the product. The interface is not immediately 
understood or the installation process is rather problematic. E.g. a case study in the CE 
demonstrated that 50% of the reliability problems in this field are installation related problems 
(Beekmans, 2003 ; Mennen, 2004) . Based on the discussed characteristics of the CE industry, it is, 
therefore, suitable to apply a case study at the CE. 

In this chapter the criteria of a case study will be discussed followed by the HCCT test procedure in 
section 4.2. The product selection is in section 4.3, whereas the results of the theory testing are 
represented in sections 4.4 and 4.5. Finally, in sections 4.6 and 4. 7 recommendations and 
conclusions about the case study are given. 

4. 2 Case Study 
Three general quality criteria that apply for a good master thesis are verification, reliability, and 
validity (Aken et al., 2002). With verification is meant that the description of the way of working 
and the achieved results must be clear. During the research, models are used for structuring the 
project according to Verschuren and Doorewaard (1995) . Furthermore, references are established in 
order to show how the information is gathered, what the role is of the used literature, and how they 
are implicated in the steps to develop the SRT framework. Besides that, the achieved results are 
well argued . 

4.2.1 General Quality Criteria 
A reliable result implies that the if the project will be carried out by other researchers, in a different 
situation, with other measurements, with other respondents, the result will be the same (Aken et 
al., 2002). Valid means that something is reasonable and generally accepted. If an underlying 
assumption in the simulation is not valid, then the prosecution's case simply falls apart (MacMillan 
dictionary, 2002). Given the time constraint of the master project, it was impossible to generate 
completely new data for the case study. It was decided to focus on data that was already collected 
via consumer test: conducted before the master thesis project. It implies that the quality of these 
data was pre-determined by the way the data was collected. In order to still perform the case 
study, the researcher has to assume that the data are reliable towards: 

the respondents of the consumer tests 

the consumer test protocol 

the test en9ineer who observes the customers. 

4.2.2 HCCT Data 
The High Contrast: Consumer Tests (HCCT) protocol was used in conducting the consumer tests. It 
tried to make the consumer testing more effective by simulating real customer use conditions. This 
idea was initially developed by Boersma et al. (2004) to observe critical and extreme customers 
using a product in realistic operating conditions. Known as the HCCT, this methodology focuses on 
the initial unpacki ng, installation, setup and first use of the product. These areas have been found, 
in research, to be the key phases where significant consumer dissatisfaction can be identified 
(Boersma and Loke, 2004). In essence, the new methodology involves: 
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Testing a small number of critical and highly contrasting consumers with product prototypes 

Testing under near-realistic conditions 

A "Think Aloud" protocol 

This answers the findings in literature about collecting the right customers (Deschamp and Nayak, 
1995; Mohr, 2001 and lots of others) and by simulating or demonstrating the 'out-of-the-box' 
experiences to check the post-purchase product performances (Yazdani and Holmes, 1999). The 
'Think Aloud' protocol answers the statement of Bossert (1991) that observation and talking is the 
best method since the customer cannot articulate and express their needs and expectations. Phil ips 
does this in special labs like the Homelab (Poelman, 2004) and the Innohub. Some specific benefits 
that are expected by doing a consumer test in this fashion are: 

Improved understanding of how the product would be used by customers 

Identifying a relatively wider range of potential design issues about the product 

Highlighting problem areas that should be addressed as early as possible in the development process 

From literature the HCCT concept seems very useful for capturing initial consumer installation and 
usage problems, because of its realistic test conditions . The test has been designed, especially for 
innovative products, to prevent a possible gap between customer expectat ions and the specified 
performance of tile product (Baskore et al., 2004 ) . In addition, the 'Think Aloud' protocol is very 
effective in capturing the expectations, opinions and line of thoughts of the test persons. Just these 
data about expectations, opinions and line of thoughts are necessary for the validation of the 
framework. These data make the failure classification and relative importance decision possible. 

4.3 Application Strategy 
Since the time for this graduation thesis is short, it is not feasible to create a totally new database 
with complete test data for a suitable case study. For the creation of a new test, graduates are 
subordinated and are depended of the demo and test planning of any partner companies. According 
to planning of this thesis, at the moment of analysing a case study no new test data were in 
progress . However, a lot of existing HCCT datasets is available at Philips CFT, but unfortunately, not 
all datasets are suitable in this thesis. What is most desirable is a database with a detailed 
description of the soft failure and complete description of the customer and his environment early in 
the development process of a high-innovative product. Therefore, some datasets of different 
products are discussed on the basis of the information criteria needed for the validation of the 
framework. 

The case study should be just based on the most suitable dataset and should indicate in this way 
the missing data and criteria for good analysis. The missing data will tend to establish requirements 
and create criteria for the data needed for handling soft failures in future. This possible lack of 
complete data and the consequences will, if necessary, come back in the final chapter of this thes is. 

Further, the way of working to validate the framework will be done on the basis of the three steps 
that are described in section 3 .5. 

4.4 Step 1 - Quality of Data 
At the first step the right case study should be selected for the validation of the SRT framework. The 
choice will be based on specific case criteria which include the criteria to assure the quality of the 
data. Out of several alternative products in the CE industry, a selection will be made that is showed 
in a table. Finally, the chosen case study will be described in more detail. 

4.4.1 Case Criteria 
In order to insure the reliability of the test results, Iannino et al. (1983) their criteria are checked 
before starting the test procedure. Other specific criteria are established on the basis of the 
discussions earl ier in this thesis to choose a case study. Priority is given to the following criteria: 

1. In -depth description of soft failure (qualitative contents of the data) 

2 . Quantity for relative importance; enough sufficient data with customer background 

3. Knowledge from engineers to classify a product in or out-of-spec 

4. Quality of Data for validation (see also section 3.6.1) 

5. Preferable is a simulation early in the process 
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As Philips do their test according to the HCCT protocol, it is assumed that criteria like predictive 
validity, capability, quality of the assumptions, applicability, and simplicity in which the quality of 
the data for validation (point 4) is assured. So, for selecting the right HCCT dataset the emphasis 
should be on the other criteria and mainly the first three according to the priority given. 

1:,d 1) The first criterion is the depth of the soft failure. Irritations, customer feelings, not only 
complaints by the customer but also observations by the test engineer, expectations, opinions and 
line of thoughts of the test persons should be retrieved in the dataset to make the extended failure 
classification possible. Therefore, the investigator should: 

have technical product knowledge 

give a detailed failure description 

detail description of which actions the customers performed just before the failure occurred . In 
combination with environment and the order of action, the failure can be reproducible 

lid 2) The second criterion must make possible to quantify the decision about the relative 
importance of a soft failure. The more data is available, the greater the probability that a soft failure 
is mentioned more than once. A high frequency of a failure is no guarantee for adjustment of the 
failure. The consequence of the failure is more important. What is most desirable is making a 
qualitative sample of respondents that have suitable use experiences to find the most relevant soft 
failures. 

/:,d 3) The third criterion is necessary to make the first failure classification right according to the 
extended failure classification mentioned in section 3.3 .1 for further progress. The condition for a 
failure to be categorised as a soft failure is that the product meets technical specification. As the 
researcher is not the developer of the product in question, she needs product knowledge of the 
engineers to define if the product is in or out-of-spec. 

6d 5) Most datasets are generated with field data or consumer tests of products that are in the 
commercialisation phase of their product life cycle. Although the purpose of the case study is to 
validate the framework and not to do the simulations, it should be nice if the product is in an early 
design phase of the development process. 

4.4.2 Case Selection 
Several datasets of innovative products are available at the sub department QRE that are generated 
within Philips. The available ones are described in appendix 8. All alternatives are used before by 
other master thesis and/or doctoral thesis (see references at the case description in appendix) but 

Table 4.1: Case Selection Table 
-

Case Criteria 

1. 2. 3. 4. 5. 

Case In-depth Number of Engineers' Quality of data Test moment in 

description description respondents knowledge process 

1. CD writer - Pure functional 9; not specially No, main result * Near the 
looking at selected was clear - > ease Commercial 
installation of Installation Release (CR) 

' 
2. Improved - Observation 20; from different No, just * Six weeks before 

CD writer sides within confirmation goal CR 
- Photo 's organisation 

3. Internal -Observation SxS; gender, No, main result * Six weeks before 

DVD profession, age, was clear-> CR 

writer 
-Helpdesk engineering software 

-Think Aloud background and 
PC usage 

4. CD-R - 3 trained 4x25 ; technical - Yes, purpose test * After market 

800 observers non-technical, is find information introduction 
students - staff early enough to 

- observation and enable product 
interview recovery before 

- helpdesk full scale 
production 

s. Portable - Think aloud 13; experienced No, just find class * Early prototype in 

drive and 1 reliability early phase of 
- Written user unexperienced problems development 
comments 
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all with other purposes than preventing soft failures in the product design. All the available HCCT 
datasets are compared in table 4.1 accord ing to the case selection criteria . 

So, the dataset that fulfil most of the established criteria is the dataset of the CD-R 800. It uses a 
big amount of respondents, has a defined segmentation strategy, and is observed by (semi) 
professionals, which made an in-depth description of soft failures. 

4.4. 3 Case Description 
The test has been conducted with a Compact Disc Recorder (CD-R) 800 (see figure 4.1) and was 
made after its market introduction in March 2002. The CD-R 800 has a new technology, the MP3 
technology, integrated to make the product very innovative. For the manufacturer it was not clear 
what the expected product problem would be. The development team wanted to use these new 

technologies in the successors of the CD-R 
800. The purpose of use was very much 
inline with the goal of research done by 
Petkova (2003) to analyse field feedback in 
CE. She was looking for a method that fulfils 
the need to generate the required information 
early enough to enable product recovery/ 
improvement with respect to unforeseen 
product flaws before full-scale production . 
This need is also the background thought of 
the simulation of the post-purchase product 
performance. 

Students were trained to handle the reactions 
from the test group and to discuss these 
reactions with a team of representatives from 
the quality department, development and 
production. 

All these details are reasons for the CD-R 800 dataset to be interested for this thesis. The only 
disadvantage is the moment of testing in the development process, but this criterion has less 
priority than all reasons mentioned above. 

4.5 Step 2 - Soft Failure Classification 
Although the focus is only on soft failures, in a consumer test both hard and soft failures will be 
discovered. This is inevitable. Finding only soft fa ilures assumes that the product is totally according 
to the technical specifications. This is unrealistic. So, the classification strategy should be adapted 
from practical point of view. 

4. 5.1 Classification Strategy 
In the dataset the notified soft failures will be judged on the basis of the definitions that are given 
for implicit and explicit failure in figure 3.5 and will be repeated here: 

Implicit Soft Failure : failure is a missing functionality in the eyes of the customer, but not integrated 
due to management and development and is not retrievable in specification list. 

Explicit Soft Failure : failure can be deduced from the product that completely meets the technical 
specification, but the customer does not understand its functionality. 

But before the distinction can be made according to these definitions, the hard failures must be 
separated from the soft failures as mentioned in the introduction of this section. Therefore, in the 
dataset the product knowledge of the engineers, that is included at that time for another purpose by 
Heynen (2003), is helpful. Initially, the data must be made qualitative by experts to find the 
technical aspects that should be improved before full-scale production . Engineers have classified : 

Device does meet the product specifications 

Device does not meet the product specifications 

If a customer or test participant reports a fa ilure, but the device meets the product specifications, 
then the wants and needs of a customer were in case of the test poorly considered. Now, only the 
failures that are described, as 'meet specification' will be used for further progress and will be just 
analysed in order to prevent such soft failure in future. 
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Based on the feedback information 
from the test participants, firstly, 
engineers have classified 30 failures 
where 27 failures are classified as 
'meet specification' (soft failure) and 
are mostly customer irritations and 
misunderstandings (see overview in 
appendix 8). Because of the different 
initial purpose of the test, it might be 
the case more soft failures could 
have been discovered and observed 
during testing with the more focus on 
the soft failures. In the extended 
failure classification, the researcher 
tried to classify the soft failures 
further. The relevant question asked 
was - Is it a missing functionality in 
the eyes of the customer or does the 
customer understand the way that 
the product works? This classification 
is done in conformance with the 
definitions as described above. As a 
result of the classification examples 
are given in figure 4.2 from the 
overview given in appendix 8. 

Figure 4.2: Examples of 
the distinction between 
implicit and explicit soft 
failures 

For example, only audio CD
R(W) discs can be used for 
recording and not the data 
CD-R(W) discs. Audio discs 
are more expensive, because 
a part of the selling price is 
copyrights. Management 
decided that money has to 
go to the record labels. 

For example, the most 
irritations are reported about 
the reading of MP3 files . 
Customers experience this 
functionality as very slow. 
Furthermore, the MP3 player 
sometimes hangs up while it 
is playing. 

For example, customers 
complain, besides the MP3 
functionality and the copy 
functionality, about the way 
to install/operate the CD-R 
800. They complain 
especially about the ease of 
operation of the MP3. This in 
not solved by one spec. 

Figure 4.3: Examples of 
the distinction between 
implicit hard failure and 
explicit soft failure' 

For example, the CD tray 
recorder does not open on 
command. Once in a while 
the tray not functions, but is 
easy to improve because the 
record modules are being 
bought from an external 
company. The external bears 
responsibility for the tray. 

The final step of the classification is 
the filtering of the soft failures that 
are easy to adjust in one or more 
specifications (implicit hard failure). 
Also this classification is done in 
conformance with the definitions 
established in section 3.3.1. Some 
examples of both classified failures 
are given in figure 4.3 from the 
overview in appendix 8. As example 
of an implicit hard failure a purchase 
product is given, but other implicit 
hard failures appear to be software 
related or in one case external 
related. In this case, software related 
means that the failure is easy to 
improve by adjusting one or more 
specifications or in this case rewrite 
the software. 

4.5.2 Classification Results 
The case study indicates that the extended failure classification 
is feasible as it is developed in theory. The definitions of implicit 
and explicit as defined in section 3.3 are clear to deal with and 
make it possible to distinguish different categories of soft 
failures. The results of the classification are the three final 
failure categories; implicit soft failure, implicit hard failure, and 
the explicit soft failure', as showed in figure 4.4. Because of the 
remaining explicit soft failures' (merely 67% of total soft 
failures) the development team gets more insight in the most 
important soft failures by separating the implicit soft failures 
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and the implicit hard failures from the explicit soft failures. Impl icit soft failures ( 11 % of total soft 
failures) belongs to management, who determine the strategy, and the implicit hard failures (22% 
of total soft failures) are easy to handle by modification of one or more specs. The focus on soft 
failures becomes clearer and the team knows their responsibility. As a result 66% of the categorised 
explicit soft failures' concerns the new MP3 technology and 11 % concerns the installation/operation 
of the CD-R 800. See for an overview of all explicit soft failures' appendix 8. 

4.6 Step 3 - Relative Importance Identification 
The last step is to look at the remaining explicit soft failures '. There is tried to use the data 
associated to different user groups, the frequency of finding explicit soft failures, and the duration 
of use by the user, to determine the relative importance of these failures for the developer. 

4. 6.1 Background Use Information 
A lot of background information, as indicated in 
the list with criteria of possible influence in section 
3.6.3, is helpful to make a decision. As the test is 
conducted with one target group (see figure 4.5) 
and three control groups (see for a detailed 
description appendix 8), user background 
information is available, just like the frequency 
and duration of use. All three sources of 
information are discussed: 

There is a hypothesis that these personal 
characteristics (age and technical background) 
could have an influence on how many explicit soft 
failures' the test participants encounter. These 
specific groups have build in diversity for checking 
the hypothesis that personal characteristics have 
any influence on the discovery of failures. 

-Old & Non
technical 

Old & 
Technical 

Young & 
Non

technical 

Young & 
Technical 

.. 
Figure 4.5 : Division of test persons by age and 
technical background . The group in the circle is 
the target group accord ing to Philips. 

Important for the decision is to find the most critical test group, who indicate the most explicit soft 
failures' especially in combination with the frequency of failures and the duration of usage. The 
frequency of the failure, that meets the specifications integrated in the dataset in append ix 8, tells 
something about the seriousness of the failure and is indicated with one of the following terms : 

Constantly, the failure is at any time, at any device reproducible 

Repeatedly, the failure occurs every now and then on some devices 

One-shot, the failure is detected only once by one customer or test participant, and is not reproducible 

To measure the duration of use all CD-R 800 test devices contained a black box. A black box is a 
device which records activities within the product. For each group of test participants is measured 
how long the average test participant used a certain functionality and is showed in a box plot in 
appendix 8. After all, the longer a customer group uses a certain function, the greater the chance is 
that a soft failure occurs. The longer a function is used, the more irritations are formed . So, all 
participants are measured on: 

Average hours playing audio CDs in six months 

Average hours playing MP3 files in six months 

Average number of copied CDs in six months 

The background information is not complete according to the list with criteria of influence, but in the 
next section some results about the available methods and some reflection on the missing criteria 
will be given. Since the dataset is getting old and the product is not on the market anymore, 
Heynen (2003) has published results from real practise . The proceedings of the test results show 
what is finally solved, improved or just not improved anymore by the development team . 

4.6.2 Identification Results 
In the CD-R 800 three methods are used to find background information, but not all aspects in the 
list with criteria of influence for the relative importance identification are measured. Because of the 
initially purpose of the test, an insufficient dataset of the CD-R 800 is handed over what makes the 
identification of the relative importance very difficult. The missing criteria will be discussed on the 
basis of table 4.2 in which all criteria are repeated. 
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Criterion of influence on relative Measurement 
Importance identification 

-
1. The customer's relation with the product -

2. Type of user, user profile Percentage of each group in the test 

3. Type of customer requirement: must-be, -
linear satisfier, attractive (Kano) 

4. In which usage pattern, use profile Frequency of use of main functions are measured in 
black box 

5. When and in which environment -

6. Reproducibility of failure or is it coincidence Occurrence of the failure 

7. Frequency of failure; to a certain extent of Number of certain failure in combination with black 
serious consequences box 

8 . Time remaining for product launch or next -
generation 

Table 4.2: Dataset criteria with means of measurement included 

For the identification of the relative importance future tests should include a focus especially on the 
criteria that are not measured in the CD-R 800 test4 because : 

£:id 1) According to Saaksjarvi (2003) consumer innovation adoption is related with the customer's 
knowledge and compatibility, and the interaction with the technological innovation of the product. 
Compatibility occurs when a potential adopter perceives the product as being consistent with its 
existing values, past experiences, and needs. 

l\d 3) Type of requirement is difficult to establish but important to understand, especially between a 
linear satisfier and an attractive requirement. What for one customer is a linear satisfier could be an 
attractive requirement for someone else. So, this also depends on criterion 2. 

£:id 5) According to Mennen (2004) the environment has no significant influence on the product in 
his case study, but in the researcher's opinion the connectibility with other products and the 
surrounding of the product in use should be integrated to find all possible soft failures. 

£:id 8) This last criterion has possibly the highest priority by management, but the lowest priority by 
the development team and in this thesis. 

Because the identification of the relative importance is not complete, only interesting observations 
can be given. Results of the available methods and their influence: 

The most critical test group are the participants who are older and have a technical background . 
Looking at percentages they have found the most explicit soft failures' and report as only group the 
ease of operation of the MP3 in general. Should development give priority to the failures of this group? 

Respondents that reported explicit soft failures ' used more the MP3 function and did less use the copy 
function . The respondents that had not reported any failure used more the copy function and less the 
MP3. As a result, the failures of the MP3 function are really based on use and should have high priority. 

The failures categorised as constantly (high frequency) , for example the slow reading or the not 
playing of some MP3 files (long duration of use), should certainly be 'the trigger for action' . The one
shot failure should be examined on its consequences and in relation with other criteria. 

The team has given a value judgement about the importance of the failure and have indicated to 
what extend the CD-R 800 is improved . Their judgement and the final results are showed in 
appendix 8. Draw your attention to the fact that their purpose was not to find and solve explicit soft 
failures', but certain comments upon their decisions can be made: 

Although 50% of the failures is marked as constantly reproducible, only one explicit soft failure' is 
completely solved . Only 45% of the constantly reproducible failures are improved and the remaining 
part is neglected. 

4 Remark: as all these criteria belong to the process of setting-up a simulation test, no solutions will be invented 
in this thesis. 
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Of the failures that are marked as repeatedly 75% is improved, but not totally solved and 25% is 
neglected. 

According to the value judgement of the development team the installation is an irrelevant failure and 
is not solved. 

All one-shot failures are improved, not totally solved, and will not be improved anymore. None of the 
one-shots are neglected, so they are of great importance according to the development team. 

Nothing is mentioned about time and cost in the proceedings of the results. Maybe this is the reason 
why only one of the highly relevant failures is solved (the one failure that is totally solved is gladly 
in the MP3 function that comes up to 66% of the total explicit soft failures' and really became the 
trigger for action), but as a result of these poor findings some recommendations are made in the 
direction of the development team. First of all, to make a product user-friendly it should be easy for 
the development team to have control on the soft reliability problems by eliminating failures that 
constantly appear and prioritise failures that are related to use. They should have started with the 
improvement of the installation in order to create a more reliable product (installation comes up to 
11 % of explicit soft failures'). It is also advisable to not neglect repeatedly and irrelevant failures; 
take them at least into account for the next generation of audio products. 

4.7 Conclusions 
In this chapter the SRT framework that is described in the previous chapter is validated by using a 
case study. The case study of the CD-R 800 is selected from five cases. The six criteria as 
established in section 4.4.1 shows their effectiveness in selection. The validation took place on the 
basis of three steps that are described in section 3.5; insure quality of data by Iannino et al. 
( 1883), do the extended failure classification (see section 3.3), and identify the relative importance 
of a soft failure on the basis of a list with criteria (see section 3.5). 

The first step to ascertain the quality of data was skipped because it was assumed that Philips does 
their test according to a valid protocol. 

The case study indicated that the extended failure classification in the second step is feasible. The 
definitions in theory are well defined and each final category (implicit soft failures, implicit hard failures, 
and explicit soft failures') is achieved in practise. The case study indicated a reduction of 33% soft 
failures in the advantage of the development team. The failures for management and the failures that 
are easy to adjust are separated from the explicit ones. 

In third step the dataset was not complete to measure all customer related criteria that could have 
influence on the relative importance identification. Therefore, no conclusions are represented on this 
step. An interesting observation in real practise is that as result of the test only one highly relevant 
failure is solved and a lot of failures are judged as irrelevant. The risk of customer dissatisfaction in the 
future is high. Unfortunately, on this point no data is available for further validation. 

In the next chapter this master thesis will end with overall conclusions. Conclusions will be given 
concerning the theory, the framework, and the case study. Finally in the final chapter, aspects for 
further research are discussed and an afterthought is given by the researcher. 
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Chapter 5 

Overall Conclusions 
Here, at the end of this report, the conclusions of this project are given, starting with the overall 
conclusion followed by the detailed conclusions concerning the theory development and the case 
study. Then recommendations and some proposals concerning further investigation are described 
and at last the researches has written an epilogue about this master thesis project. 

5.1 Overview of the Research 
The problem solved in this thesis comes from the gap that is found in literature between user 
expectations and the development of a highly innovative product. The problem is identified on the 
basis of trends in development such as increasing customer demand, complex products, and TTM 
pressure. So, the problem is defined as the need to translate customer use information into the 
product design. Therefore, the assignment was to construct a framework for a development team in 
order to prevent soft failures in the field. 

For the development of the framework two research questions are formulated in which is asked: 

1. Product related - What do engineers need to know for preventing a soft failure in future product design? 

2. Customer related - Which criteria can be used to determine the relevance of soft failures for a product 
design in order to prevent such failures in the future? 

In order to answer these questions a framework is proposed. The input for the framework is 
customer use and often-unexpected customer use information related to the post-purchase 
performance of the product. To know what an engineer really needs to know for preventing a soft 
failure, first the phenomenon of soft failures must be well understood. Therefore, the existing 
definition of soft reliability problems defined by Brombacher et al. (2003) has been analysed and 
extended in an extended failure classification. In the extended failure classification soft failures are 
first classified in terms of implicit and explicit soft failures. Explicit soft failures can be further 
classified as implicit hard failures if the failures can be resolved by adjusting product specification 
and explicit soft failures' if the failures cannot be resolved by simply spec adjustment. Examples of 
the three failure categories are; when the customer wants to copy all kind of CDs but management 
has decided to make copying possible only expensive audio CDs an implicit soft failures is found. 
When customers complain about the play order of the MP3 (not alphabetic) this is classified as an 
implicit hard failure and is easy to adjust by rewriting the software. One of the most important 
explicit soft failures that is found, is the slow reading of the MP3 as experienced by the customer. 
This report is only interested in preventing explicit soft failures' in the product design, as implicit 
soft failures are mainly related to the marketing strategy, and the implicit hard failures are easy 
handled by modification of the specifications. An explicit soft failure' has been defined as: "A soft 
failure can be deduced from the product that completely meets the technical specification, but its 
functionality is not understood by the customer and the failure is not easy to adapt in one or more 
specs. " 

To analyse the relative importance of an explicit soft failure', a list with customer related criteria is 
established to demonstrate the relative importance of the consequences of the failure. The 
development team should mainly focus on these criteria to prevent explicit soft failures' in future 
products by improving the product before launch. 

Finally, to verify the SRT framework a case study has been applied. The overall conclusions on both 
the framework and the case study are given in the next section. 

5.2 Conclusions 
The conclusions for this project are divided into three categories; conclusions towards theory 
development, towards the case study and generalisation of the SRT framework. 
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5.2.1 Conclusions towards Theory Development 
To go through the framework in order to come to the explicit soft failure' three important steps have 
to be made. Besides the first step of checking the quality of data, the framework mainly consists of 
two parts; failure classification and relative importance identification. The extended failure 
classification is based on the fact that customers have different kind of expectations, and 
expectations will not only be allocated to the PCP but also to other parts of the BCP (Beurden et al., 
2004). The customers' findings can be categorised as implicit and explicit soft failures. As an implicit 
soft failure is 'a missing functionality in the eyes of the customer, but not integrated due to 
management and development and is not retrievable in the specification list', the focus will only be 
on the explicit soft failures'. Furthermore, the SRT framework has been constructed and supported 
by literature about potential methods such as the CFR approach, The SRE framework, and the 
product specification treatment in the software development industry. 

The second part of the framework, the relative importance identification, is based on essential parts 
of the potential methods mentioned above. Each method illuminates other aspects that are of great 
influence on the relative importance of an explicit soft failure' found during early consumer test. A 
list with customer related criteria on relative importance should give insight in the possible 
influences and it should be up to the development team to prioritise these criteria on the basis of 
their background knowledge and expertise. 

The two main parts are described in such a manner that the SRT framework can be easily verified 
with a case study that contains consumer test data of a highly innovative audio product. 

5.2.2 Conclusions towards the Case Study 
The purpose of the SRT framework is to provide an application that offers perspective in dealing 
with soft failures . As the extended failure classification and the relative importance decision is based 
on literature and thoughts, the SRT framework has been verified to check if it is really applicable. 

The theory behind the SRT framework could not be tested completely. The extended failure 
classification did work very well. The three categories of failures (implicit soft failure, implicit hard 
failure, and the explicit soft failure') have been distinct by the case study. The customer related 
criteria could only be partly tested because of a data set that is incomplete. Because of a different 
initial purpose of testing and the lack of appliances in the test, not all criteria have been measured 
to check their influence on the relative importance identification of a soft failure. 

Although it was difficult to conclude in this case whether they did make the right decision because 
they had not enough information in a structured way, the fact that some soft failures related to 
installation and easy of use were considered as irrelevant failures drew our attention. As 
consequences of not using the SRT framework, engineers may run into the situation where some 
important explicit soft failures are not considered into design. The risk for their future audio product 
that it still may contain potential soft failures is high. 

The case study has proved that the SRT framework is only worth implementing for the first part of 
failure classification. The second part requires more research. In the classification it shows that the 
focus on the explicit soft failures' helps the development team in getting more insight. 
Unfortunately, this result is solely based on one case study; so further research is required to make 
the framework more general. 

5.2.3 Generalisation 
In case of this thesis the SRT framework is developed for the phenomenon of soft failures in a 
highly innovative industry such as CE. In case of generalisation more research should be done 
within CE with more case studies and in real practise, before the SRT framework can be labelled as 
general. 
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Chapter 6 

Recommendations for Further Research 
As the feasibility of the framework depends on a number of criteria that should be gathered in the 
future at the customer side, more aspects should be taken into account for further research in case 
of high innovation; uncertainty measurement and decision-making models. These are typical 
characteristics for the diffusion of innovation. As Golze (1998) states that a test result is rather 
useless without knowledge of its accuracy, the development team should create an uncertainty
awareness towards consumer tests and the SRT framework. Reducing uncertainty in the application 
is by making more thoughtful decisions by means of decision-making models (Roozenburg and 
Eekels, 1996) for the identification of the relative importance. 

As uncertainty measurement and decision-making are supported and described in literature, some 
background information is added in section 6.1 and 6.2 to support further research. In section 6.3 
all recommendations towards the framework are summarised and finally this final chapter will end 
with an epilogue. 

6.1 Uncertainty Measurement 
A soft failure is in the eyes of the development team mainly a random error as uncertainty is 
defined as: "A parameter, associated with the result of a measurement that characterizes the 
dispersion of the values that could 
reasonably be attributed to the measurand" 
(Golze, 1998). Thus, uncertainty arises from 
random effects and unknown systematic 
error components but also from imperfect 
correction of known systematic errors, as 
shown in figure 6.1. In this thesis the focus 
will only be on the random error as cause of 
uncertainty in the development process 
indicated with the green border. The other 
two errors, the unknown systematic error 
and the remaining error are assumed to be 
known by the development team in advance. 
Knowledge is available to invent these 
systematic errors. Random errors just arise 
out of lack of knowledge. Failures that 
cannot be thought of by engineers will just 
happen at the category of random errors. 
This corresponds totally with the definition of 
uncertainty given by Galbraith (1973): 

Error 
(of measuremenl) 

random 
e,ror 

e o, 

correction 

c rHUII ) 

Figure 6.1: The different error components and and its 
uncertainty (Golze, 1998) 

'Uncertainty is the difference between the amount of information required to perform a certain task 
and the amount of information already possessed by the organisation.' 

Although an individual has a lot of years of experiences, he cannot solve these problems alone . 
Instead, the group of simulation/test engineers as a whole is asked to co-operate with accreditation 
and standardization bodies aiming at: 

1. Evaluation of the (generic) uncertainty of measurement and simulation procedures 

2. Inclusion of uncertainty characteristics (e.g. repeatability, reproducibility) in testing standard. This is 
also earlier discussed in section 3.5 .3 at ad 6) 

3. Education of the customers 

t-.d 1) The first point is recognisable since the researcher was not presented at that time when the 
data for the case study was generated. She had to create uncertainty-awareness for the 
interpretation of failures (observed and notified by someone else). 
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The third point about education of the customer is very remarkable. According to both Golze (1998) 
and Saaksjarvi (2003) consumer education is likely to reduce to perceived uncertainty of adopting 
new technology, since education could serve as a mean for companies to address potential adopter 
concerns about perceived risk factors associated with adoption of technological innovations. 
Although technological innovations usually involve a substantial learning effect, in practise this is 
mainly not achievable. Customers are more likely to learn and educate themselves about an 
innovation if it is perceived compatible (Saaksjarvi, 2003). Learning or education should, however, 
be targeted to each adopter segment. Above all, where should a company begin with targeting? The 
estimated complexity should be weighted towards consumer willingness to learn about the new 
product and/or service. Likewise, it should be very bad for their strategic position to educate all 
customers in case they turn to the competitor in the long term (Porter, 1980). 

6.2 Decision-making Models 
Traditional decision rules in the development process could only partly be used to make a decision 
about the relative importance identification of a soft failure in an iterative and dynamic development 
process by lack of certainty. Nowadays, these methods can only be used as decision support 
because of the lack of information and the high amount of uncertainty early in the process. Some 
common decision tools to determine soft failures are: The majority rule, The weighted number sum 
model, The date method: informal variant of the majority rule (Pugh, 1990), The new product 
profile, and The additive value function (all mentioned in Roozenburg, 1996; and Eekels, 1988), but 
the difficulty of all these tools is intuition. 

An alternative that is more specific for dealing with complex products is the Analytical Hierarchical 
Process (AHP). This method is often mentioned in literature in relation with software selection: 
'Clearly, software selection is not a well-defined or structured decision problem' state Lai et al. 
(1999). This also applies for the prevention of soft failures. A new approach is needed, which could 
handle multi-criteria decision-making problems of choice and prioritization, to support complex and 
unstructured selection problems. The AHP, which is a theory of measurement for dealing with 
quantifiable and intangible criteria, has emerged as in important approach to multi-criteria decision
making problems of choice and prioritization. It usually involves three stages of problem solving; 
decomposition, comparative judgements, and synthesis of priorities. These three stages, once 
completed, would allow decision makers to obtain a relative standing, on ratio scale, of the 
alternatives to be evaluated. Additionally, all participants should be technically competent and 
experienced engineers. Findings by Gifun (2005) show that sensitivity measurement should be 
applied at these decision-makers to embrace uncertainty and that the number of criteria is limited 
( 10 to 15) because the decision will be levelled off; the decision depends on the criteria. 

In short, there is no one best solution for the identification of the relative importance of a soft 
failure . Especially no solution is found when soft failure related data is not completed through 
uncertainty and time pressure. Therefore, the decision makers have to use decision methods as 
support, have to feel good with the chosen method, and have to think sound. 

6.3 Summarised Recommendations 
This research has provided insight in the phenomenon of soft failures and developed the SRT 
framework for the development team that lead them to the most important explicit soft failures'. 
Difficult is the establishment of the certainty of soft failures found in datasets. Furthermore, the 
identification of the relative importance is also based on this input. The framework is one of the first 
steps in the direction of the translation from customer use information to the product. Because the 
framework is only tested with one case study, uncertainty, decision-making and generalisation are 
certain starting points for further research: 

Uncertainty-awareness is necessary in both judging the random errors, and the sampling procedure, 
but how should this uncertainty-awareness be implemented in the PCP? 

The decision maker has to use the decision models as decision support; the main issue is still that the 
decisions models are mainly based on intuition. How is intuition tied up with the applicability of the 
framework? 

Check whether the findings presented here, are also valid in other parts of the electronics industry in 
order to make the model more general. 

Create new test protocols and predict next generation profiles for subsequent or future consumer tests 
according to the list with customer related criteria to identify more relative importance, but to what 
extent this is practical? 
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Apply the SRT framework top-down from soft failure information to the design phase of the PCP, and 
there is a challenge for the development team to look also bottom-up. 

Use the SRT framework, according to theory, early in the process in an iterative environment where 
feed-forward process are available, but how should an operational PCP look like in practise with an 
embedded feed-forward process and what are the constraints? 

Find the right balance between results and the investments (time and money) should be an enormous 
challenge if investigated what the constraints are in the process. 

Final observation: as a result of the failure classification explicit soft failures' will remain, but at the 
opposite one should ask oneself why the development team did not find the random failures before 
the test? 

6.4 Epilogue 
In the beginning the start of an internally master thesis was a little bit vague, but gradually the 
purpose of the research is achieved and nevertheless, the result is against all expectations a little 
bit of a success. The purpose of creating insight for the development team in the phenomenon of 
soft failures is nicely succeeded by means of the developed of the SRT framework. The expectation 
of a lonesome research project is developed into a many-sided and comradely process in which a lot 
of internally students are involved. 

Looking at the phenomenon of soft failures, it well fits into three of four development trends that 
are found in literature. Except for globalisation, the subject of soft failures belongs really to 
innovation management: the communication and knowledge transfer concerning soft failures in an 
iterative and dynamic development process. Therefore, the theoretical research about the new 
phenomenon is conspicuous towards the educated theories during education . The phenomenon of 
soft failures has less recognition in the current program . The only correspondence can be found in 
other sub departments that are involved in information and innovation management, the 
development process, and Q&R in development and production. Knowledge must be gathered by 
talking to experts and reading preceding master thesis documents. Gathering information in such a 
way asks for a well structured information flow among all participants in the research area. 
Unfortunately, this is not available within QRE. 

As a reflection on the design environment, the framework is constructed on the basis of relevant 
literature and is validated by a suitable dataset. Unfortunately, the dataset is handed over and not 
generated by the researcher herself. She was too dependent on the collaboration of others and 
deplorably the possibilities were not made very clear at the start of the project. Afterwards, the 
dataset seemed to be valuable enough, also thanks to the established criteria at the selection step 
by the researcher. A dataset that is not generated by the researcher herself gives also uncertainty 
in the judgement of the results. Not always is clear what the test engineer meant precisely at that 
time. 

Lastly, the researcher learnt, besides doing theoretical research, a lot about technical and academic 
writing in English with special thanks to my first supervisor. Finally, as a last element of this thesis, 
the researcher will participate, after graduation at the end of February 2005, in a consumer test 
according to the HCCT protocol. It is a pity that the test comes too late for this project, but all 
acquired experiences are welcome. 
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"Philips ' strategic move fits very well into the timeframe of this master thesis" (Zoggel , 2004) 
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Appendix 2 

General definitions 
In the introduction of the report a lot of terms are mentioned which are very important in the 
context of this assignment. Therefore, definitions of the most often used words are given below. 

Customer: "The word customer has a dual focus - on people who sell products as well as 
those who buy them." (Deschamps, 1995) but in this thesis the customer is the one who 
both purchases and uses a company's service or product (den Ouden, 2004). 

Requirement: MacMillan (2003) 

1. Something that a rule, law, contract etc states that you must do 
2. Something that is needed in order for something to happen 

When we speak about costumer requirements a distinction can be made between explicit and 
implicit requirements. This distinction will be very important in the scope of this special assignment 
as shown in further reading. 

□ Explicit Customer Requirement: What the customer asks for in a product (POMA, 2004). 
□ Implicit Product Requirement: What the customer expects in a product, but does not ask 

for, and may not even be able to articulate (Bossert, 1991). 

Expectation: MacMillan (2003) 

1. The belief that something will happen 
2. A belief that something should happen in a particular way, or that someone or something 

should have particular qualities or behaviour 
So, in this assignment a customer expectation is the customer's belief that a new high-innovative 
product has particular qualities or behaviour. 

Next, the development process of high-innovative products will be defined. What is meant by these 
processes and what does innovation exactly mean? 

Product Development: "The overall process of strategy, organization, concept generation, 
product and marketing plan creation and evaluation, and commercialisation of a new 
product." (POMA, 2004) 

Innovation: "A new idea, method, or device. The act of creating a new product or process. 
The act includes invention as well as the work required to bring an idea or concept into final 
form." (POMA, 2004) 

High-innovative products: "1st of a kind product: a product that has a high amount of 
uncertainty on one or more of the following factors; market uncertainty, product technology 
uncertainty and industrial chain uncertainty." (Luijten, 2003) 

-3-



According to Mohr (2001) innovative developments can be placed on a continuum ranging from 
radical, breakthrough development on the one hand to more incremental, modest developments on 
the other hand. Radical innovations are "so different that they cannot be compared to any existing 
practices or perceptions. They employ new technologies and create new markets. Breakthroughs 
are conceptual shifts that make history." Incremental innovations on the other hand, are 
continuations of existing methods or practices and may involve extension of products already on the 
market; they are "evolutionary" as opposed to "revolutionary" and the result can be a breakthrough 
(look at the example). Incremental is an innovation that improves the conveyance of a currently 
delivered benefit but produces neither a behaviour change nor a change in consumption (POMA, 
2004) . 

An example: 

DVD-> incremental improvement-> DVD RW = breakthrough 

Products like a DVD-RW have a very short economical lifetime on the market in comparison with the 
development time. Therefore the development time becomes shorter and shorter and during the 
economical lifetime different phases are crossed quickly. 

Product Life Cycle: "The four stages that a new product is thought to go through from 
birth to death: introduction, growth, maturity, and decline. Controversy surrounds whether 
products go through this cycle in any predictable way."(PDMA, 2004) 

Finally, what will we achieve with the use of a suitable development process? The final part contains 
words that are the goal of this assignment; to make reliable high-innovative products . Not only the 
reliability of a product will be discussed but also reliability in the eyes of the customer. 

Reliability: "The probability that a system will perform its intended function for a specific 
period of time under a given set of conditions." (Lewis, 1994) 

Customer-focused reliability: "The probability that products will deliver the customer 
expected performance for a period of time under customer use conditions." ( den Ouden, 
2004) 

From now on customer-focussed reliability is meant when we speak about reliability. 
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Appendix 3 

Institutes 

TU/e 
tech 11 ische universiteit ein dl:ioven 

De TU/e is een researchgedreven, ontwerpgerichte en ondernemingsgerichte 
technologie-universiteit. 

De TU/e zal zich de komende jaren als volgt positioneren: 

• TU/e is gebouwd op drie pijlers: onderzoek, ontwerpen en ondernemerschap. 
De TU/e is een universiteit waarbij onderwijs in sterke mate verweven is met onderzoek. Dit 
blijkt onder andere uit het grate aantal promovendi dat ieder jaar de TU/e verlaat en uit 
publicaties in belangrijke tijdschriften. 
Bij het ontwerpen wordt technologische kennis gebruikt om nieuwe oplossingen te bedenken 
voor uiteenlopende vraagstukken. Dit komt a.a. tot uiting in de ontwerpersopleidingen en 
tijdens het OntwerpGericht Onderwijs (OGO). 
De laatste pijler is ondernemerschap, want naast onderzoeken en ontwerpen is het 
belangrijk dat ontwikkelingen toegankelijk warden voor een breder publiek. Een belangrijk 
aandachtsgebied daarom in he onderwijs op de TU/e. Essentieel is de sterke onderlinge 
verwevenheid tussen deze drie pijlers. 

• De TU/e is gericht op het ontwi kelen en het maatschappelijk benutten van technologie. De 
belangrijkste drijfveren daarbij zijn wetenschappelijke nieuwsgierigheid en de behoefte 
maatschappelijk relevante nieu e kennis te ontwikkelen. 

• De TU/e kiest vooral die expert segebieden als haar werkdomein, waarop zij een 
internationaal vooraanstaande ositie inneemt dan wel kan verwerven. 

• De TU/e profileert zich in de w reld als een Europese universiteit. 
• Het onderwijs aan de TU/e is o derzoeksgedreven en ontwerpgericht. Het omvat bachelor-, 

master-, ontwerpers- en lerare opleidingen, PhD-programma's en continuing education. 
• De kwaliteit van onderwijs en onderzoek van de TU/e dient te voldoen aan en wordt dus 

getoetst op basis van hoge ext rne, internationale standaarden. 
• Het beleid van de TU/e wordt et het oog op in- en externe verantwoording gekenmerkt 

door toetsbare doelstellingen . 
• De TU/e wil met haar onderwij en onderzoek vooral dienstbaar zijn aan maatschappelijke 

sectoren met een hoge en/of s el toenemende technologie-intensiteit. 
• De TU/e biedt haar studenten n medewerkers een internationaal en academisch - dat wil 

zeggen intellectueel prikkelend - studie- en werkklimaat, dat inspireert tot brede 
persoonlijke ontwikkeling en m atschappelijk en cultureel engagement. 

• De TU/e is organisatorisch me r dan de som der delen. De afzonderlijke onderdelen werken 
samen aan en binnen een gem enschappelijk beleidskader. Om de onderlinge verwevenheid 
van onderzoek, ontwerpen en nderwijs te kunnen waarborgen ligt de verantwoordelijkheid 
voor deze activiteiten bij het g zamenlijk Bestuurlijk Overleg van het College van Bestuur 
en de decanen van de faculteit n. 

(Uit: Strategieschets 2002-2006: Inte nationaal concurreren en samenwerken, zomer 2002). 
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Mission of the sub department Quality and Reliability Engineering 

The research of the subdepartment QRE deals with controlling and improving the quality, reliability 
and safety of products, focusing on the analysis, design and control of the relevant technical
operational business processes. 
The central theme of the research is the relation between, on the one hand the conformance to 
requirements of products (in terms of quality, reliability and safety) and, on the other hand the 
technical-operational business processes that generate and maintain these products . 
In short this can be translated into the research mission: 

To control and improve the quality, reliability and safety of products, by improving 
the performance of the relevant technical-operational business processes. 

The considered business processes are: 

• The development process (of both products and processes) 
• The realisation process (production) 
• The utilisation process 

(Source: http://www. tm . tue. nl/capaciteitsgroep/qre/) 

PHILIPS 
Philips CFT 

(Source: T. Luijten, 2003) 

The Philips Centre for Industrial Technology (CFT) develops and improves manufacturing methods, 
products and tools for all businesses within and also outside Philips. CFT covers the following lines of 
business (LoB): Electronics Technology & Design, Process Technology, Materials Analysis, 
Innovation & Industrial Support, Systems and Standards & Environment. This thesis was performed 
within the LoB Innovation & Industrial Support. In electronics, Philips CFT provides support in the 
areas of electronic design, production technology, assembly and pilot production of microelectronics 
process technologies. Innovative solutions allow CFT's customers to realize their high-growth 
technology goals. 

Founded in 1968, Philips CFT is part of Philips Electronics N.V. The CFT headquarters are located in 
Eindhoven, the Netherlands, while branch offices can be found in Hasselt and Gyor (Europe), 
Sunnyvale (USA), Singapore, Suzhou and Bangalore (Asia) . Philips CFT has over 1200 employees 
world wide. 
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DESIGN 

TECH OLOGV■- I 
INSTI U E 

Our mi·ssion is to educate and nurture future leaders, 
pioneer knowledge and create value in rapid product deve lopment 

to f uel sustainable economic growth 

With global competition, product development cycles have become increasingly shorter. 
Manufacturers are forced to produce higher quality and more reliable goods with in increasingly 
shorter time constraints . 

In view of this development, the Nationa l University of Singapore and the Technische Universiteit 
Eindhoven (TU/e) have set up a joint Design Technology Institute (DTI). DTI aims to provide 
industries - operating in highly competitive environments - with viable solutions both in concept and 
expertise. 

Launched in February 2002, DTI supports the industry by training talents in product design, 
cond ucting industry-driven research and providing education in design technology . Through its 
three-pronged strategy of education, applied research and direct indust rial support, DTI plays an 
important role in enhancing the global competitiveness of industries in Singapore. 

Source: http://www.dti .nus.edu.sg 
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□ Yuan Lu 
Sub-department Quality and Reliability Engineering (QRE) 
Department of Technology Management 
Technische Universiteit Eindhoven 

Paviljoen lC7 

P. 0. Box 513 

NL 5600 MB Eindhoven 

The Nethf rlands 

e-mail: y .lu@tm .tue .nl 
I 

Appendix 4 

Bibliography of experts 

Yuan Lu received her BSc and MSc degree with the Department of Mathematics from Xi'an Jiao Tong 
University, P. R. China, in 1993 and 1996. She also received her MEng with the Department of 
Industrial and Systems Engineering at the National University of Singapore (NUS) in 1999. From 
1998 till early 2000 She worked as a Research Engineer at the Center for Robust Design at NUS. In 
2002, she obtained her PhD in engineering science at the Eindhoven University of Technology. 
Currently! she is working as an Assistant Professor in the sub-department Quality and Reliability 
Engineering at the Faculty Technology Management of the Eindhoven University of Technology. Her 
research interests include reliability analysis and management of highly innovative product
development-processes. She has authored and co-authored over ten papers on these subjects. 

□ Elke den Ouden 
Philips CFT, Innovation & Industrial Support 
P.O. Box 1.2 18 
5600 MD Eindhoven 

The NetherlandsCompany 

e-mail: elke.den.ouden@philips.com 

Elke den louden received a Masters degree (with honors) in Industrial Design Engineering from the 
Delft University of Technology (Netherlands). From 1990 onwards she started working for Royal 
Philips Electronics. She has being working as a Product Development Engineer in the Mechatronics 
Departm1nt of the Center for Industrial Technology (CFT) at Eindhoven in the Netherlands from 
1990 to 1993, as Consultant on Methods & Tools in the Development Support Department of CFT at 
Eindhoven in the Netherlands from 1993 to 1997, as Regional Manager Development Support for 
CFT Asia Pacific in Singapore from 1997 to 2000, and currently as Global Manager Innovation 
Consultancy in CFT Eindhoven, the Netherlands. She has extensive contacts with Universities in the 
Netherla ds and Singapore for joint research programs. Since 2001 she is also holding a position as 
Assistant Professor in the sub-department Quality and Reliability Engineering of the Faculty 
Technology Management at Technical University Eindhoven . 
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□ Aarnout Brombacher 

Sub-department Quality and Reliability Engineering (QRE) 

Department of Technology Management 

Technische Universiteit Eindhoven 

Paviljoen C6 

P. 0. Box 513 

NL 5600 MB Eindhoven 

The Netherlands 

e-mail: a.c.brombacher@tm.tue.nl 

Aarnout Brombacher is professor in "Quality and Reliability Engineering" in the faculty Technology 
Management and professor in "Reliability of Mechanical Equipment" in the faculty Mechanical 
Engineering at the Eindhoven University of Technology. With these chairs he is responsible for 
research and education in the fields a) Quality and Reliability of (high-volume) consumer products 
and b) Reliability and Safety in process industry. He obtained his MSc (1986) in Electrical 
Engineering and a PhD in engineering science (1990) at Twente University of Technology. He has 
authored and co-authored over forty papers on these subjects and has written a book with the title 
"Reliability by Design". He is a Fellow of the research school BETA and he is also, as a Distinguished 
Visiting P~ofessor, connected to the National University of Singapore. 
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Appendix 5 

Abstracts of other graduates 
□ Heidi van Beurden, Rolf van den Broek, and Geke de Jong 

How to model consumer complaints? 

The reference model 

November 2004 

Product development and positioning of a product on the market becomes more complex. Moreover, 
the expectations of consumer increase, based on the unique product - customer combination. 
Therefore, a model is defined to link a complaint to a specific step in the Business Creation Process 
to prevent dissatisfaction of future products. 

□ Michiel Mennen 

User-pr, duct interaction in product development 

An analysis of the impact of user-product interaction on product reliability and customer satisfaction 
and its position in product reliability management 

November 2004 

Current reliability management techniques in the product development process focus primarily on 
the customer requirements before the point of sale. Actual product use and its impact on product 
reliability and product reliability management has seen limited implementation, even though actual 
product yse is identified as one of the most important factors to achieve customer satisfaction. This 
research I proposes a user-product interaction focus in reliability management and proposes a 
framework to structurally analyse this interaction for use in the product development process. 

□ Koen Beekmans 

Preventing is better than cure 

Explorative study to apply a new test strategy in the consumer electronics industry for the 
identification of first usage problems. 

July 2003 

The current methods concerning market uncertainty are mainly marketing oriented. However, the 
reliability aspects of market uncertainty, how customers or end users use the products, is not 
suffienctly considered in the reliability field. Many PCPs use field data to deal with this uncertainty. 
However, the use of field data is a reactive approach and cannot antipicate to field problems in the 
PCP. A new test strategy is developed and proposed . It is an empirical user test that uses 
observation methods, like the 'think aloud protocol'. The test in conducted early in the PCP, while 
using product prototypes. The test strategy has been applied in the consumer electronics industry 
where four case studies were conducted sequentially. 
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D Thomas Luijten 

Preparing for First of a Kind Products, Preparing for the future 

An Exploratory Study 

March 2003 

Because the focus of Philips is changing towards more innovative, first of a kind products, more 
insight on this subject is needed. The development of first of a kind products and their industrial 
chain is subject in this thesis. First of a kind products are defined and the critical success factors 
that distinguish them from nth of a kind products are elicit and discussed. The major observation 
from this thesis is that the development of first of a kind products does not differ entirely from the 
development of nth of a kind products. Some aspects should get extra attention to deal with the 
specific issues. It appeared that the most important characteristics of projects for first of kind 
products, are the types and amount of uncertainties in these projects. The fast reduction of these 
uncertainties, by experimenting and testing, should get top priority in the development projects. 
The success of projects for first of a kind products lies more in the development of the product and 
the market than in successful industrialization as believed at the start of this graduation project. 

The research was conducted by studying literature, interviewing experts from within and outside 
Philips on several subjects that are related to the development of first of a kind products and the 
industrial chain, and by studying cases. This is an exploratory research. The subject deserves more 
attention and therefore recommendations for further research on some of the critical success factors 
are made. Also the ways of working for reduction of the different types of uncertainties must be 
researched more extensive than it could be done in this thesis. This continued research can be seen 
as a preparation for the future! 

D Robert Spronken 

A new drive 

A guideline to better reliability 

June 2002 

Philips Optical Storage (POS) operates on a high-speed consumer market. In order to be one of the 
top competitors (with respect to reliability) it is required that the used reliability system is fast and 
very accurate otherwise the information flows back into the organization too late. The result is that 
the same failures are present in different product generations. This results in a higher return rate 
and dissatisfied customers. The current reliability indicator that POS uses (Annualized Failure Rate) 
is not able to get a fast and accurate indication the reliability of the CD-RW. It is way too slow and 
cannot be used to predict future returns and warranty costs. 

D Edwin Heynen 

Fast Field Feedback 

A field-study 

September 2002 

Quality related feedback from the field is necessary to determine the true, by the customer 
experienced product quality . This knowledge can be used in the establishment of product quality 
levels, which better fit the customer's wants and needs, in current and future products. There 
should be a system in place, which establishes the ability to (re)act on product quality field 
feedback on short notice after commercial product launch. 
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Appendix 6 

Examples from practice 
Examples of high tech products that failed to meet manufacturer and consumer expectations 
abound. A great deal can be learned from product failures such as Polaroid's instant movies or 
RCA's videodiscs. Why is it that these products did not capture the interest of consumers? Was it 
the technology, the marketing, or a combination of the two? The critical importance of adopting a 
customer focus emerges through an examination of Philips Consumer Electronics' Compact-Disc 
Interactive system, Apple Computer's experience with the Newton personal digital and Sony's ill
fated BetaMax. 

Philips' Cd-I 

During a period of fierce competition in the home entertainment industry Philips Consumer 
Electronics (the U.S. subsidiary of Philips Electronics) launched the Compact Disk Interactive (CD-I) 
entertainment system. Billed as a major technological breakthrough for consumers, the CD-I 
system combined television and audio compact disc technology in an interactive system. Philips' 
management believed this format represented the family entertainment system of tomorrow and 
counted ~eavily on this system to carry Philips into the next century (Kidney 1994). Not only would 
Philips manufacture the hardware, but they also were partners in a joint venture with Polygram to 
produce the system's software. However, sales of the CD-I system were disappointing (Reilly 1992). 
Examination of the marketing strategy for the CD-I provides insight as to what Philips perceived of 
as an innovation was perceived otherwise by its customers. 

Target Market and Timing of Introduction: Philips based the initial marketing strategy for the CD-I 
system on their profile of the targeted customer - married with school age children, technologically 
advanced and relatively affluent. With this profile in mind, the push was on at Philips to introduce 
this product for the holiday season of 1991 (Calabrese 1991). This meant introducing the product 
when software availability was limited and heavily concentrated in the "game" category. As the 
early purchasers were believed to be married with children, the emphasis on entertainment titles 
geared towards children was perceived to be a minor problem (Calabrese 1991) . 

To some degree Philips recognized the importance of co-opting the innovators and early adopters. 
There is evidence, however, that they did not truly understand what this meant. Franz Schmetz, 
Philips's vice president of audio marketing stated that the CD-I system was selling primarily to 
innovators, someone who wanted to be first on the block with the "latest gear" (Reilly 1992) . To 
Philips this meant these innovators would "buy anything ." 

Product: f here were several product related elements that were flawed when Philips launched the 
CD-I system. First, as mentioned above, not all the features meant to be included in the system 
were ava!ilable in 1991 when the system was introduced. In Davidow's terms the product was 
incomple~e (Davidow 1986). Second, the CD-I unit operates in conjunction with a TV and is similar 
in size to a VCR. At the time of product launch in 1991, most households already owned a VCR, 
hence the space directly above or below the TV was already occupied. Thus, in many of the 
households installation of the CD-I unit meant placing the system to the side of the TV. When 
playing the educational games, early users of the CD-I system noticed that they sat pointing the 
remote at the TV screen where the action unfolded. However, since the CD-I system was off to the 
side, som

1
e of their clicks of the remote buttons did not lead to a corresponding move on the screen. 

This minor malfunction led to a perception that the equipment was not of top quality. Ironically, 
Philips produces a remote with an extremely wide reception band that would have eliminated this 
problem. However, this remote was not packaged with the CD-I system in the interest of keeping 
down costs (Calabrese 1991). 
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Distribution: Retail outlets for product introduction of the CD-I system included stores such as Sears 
and Circuit City. These are not stores associated with an image of high tech sophistication. These 
are, however, the stores that carry video games such as Nintendo. By selecting these outlets, 
Philips positioned themselves with the existing game technology and not necessarily leading edge 
products. 

Promotion: The initial promotion strategy for the CD-I system was to: (1) advertise in national 
newspapers, magazines and newspapers in the larger metropolitan markets where CD-I would first 
be introduced; (2) produce special stand-alone kiosk displays for the CD-I system; and (3) utilize a 
specially hired sales staff for in-store demonstrations. 

The CD-I was being pushed initially as the imagination machine. The copy for the ad used 
concurre~tly with product release depicted all the things an owner could "imagine" doing with the 
CD-I system (Wall Street Journal 1992). However, many things on this list were not yet available . 
The purchaser would indeed have to "imagine," for instance, viewing photos on their CD-I system 
an option that was not even available at the time of introduction though the ad included a 
description of this technology . 

The kiosk displays set the system apart from all the other displays in the home entertainment 
sections of the selected retail outlets . This physical separation contributed to the attempt to 
differentiate the technology from current offerings. 

Using a specifically trained sales force in the stores during the initial months of product introduction 
was also a good decision on Philips' part. Though early purchasers of the system proved to be more 
technologically sophisticated, the system did require someone to assist the consumer as they tried 
out the software. As the store's personnel in the retail outlets did not understand the system, these 
specially 

1
trained sales people proved very useful. Their services, however, were only retained for a 

three-month period (Calabrese 1991). 

Price : The original retail price of the system was $899 - in line with a high end CD player - but 
higher than a Super Nintendo machine. Almost immediately after introduction, the price of the CD-I 
system dropped to $699. Philips continued to lower the price since introduction ($499 by 1994 ). 
Unfortunately, sales have still not taken off, creating a situation not likely to produce the results 
Philips sought. 

Lessons Learned: The error in not focusing on the profiles of innovators and early adopters was 
compounded by confusing signals from the marketing mix decisions. In Philips' case the product 
was not a true innovation but rather a hybrid of existing technologies. Yet there is evidence that 
when sophisticated consumers invest time and money into a new system, they must perceive that 
the product is truly an innovation and not another Super Nintendo or audio CD offering (Olson, 
Orville and Ruekert 1995). 

Early adopters are necessary in product adoption to develop word-of-mouth. The perceptions of the 
early purchasers of the CD-I system were not ringing endorsements of the system. The initial 
software titles available did nothing to enforce an image of an innovative product regardless of the 
characteristics of the purchaser. To the profile-consistent (i.e., married, with children) user the 
system did not appear to be different from the Super Nintendo. For single purchasers (who 
comprised 45% of the initial purchasers), the system offered little software that truly tapped into 
their perceptions of the interactive possibilities (Calabrese 1991). Even three years after 
introduction consumers still were not sure whether CD-I was a video game, a home computer or a 
game console - is it a toy or a tool? (DuBois 1994) . This confusion stems in part from Philips 
misreading the characteristics of the target market (i.e., who would be purchasing the machine, 
what their demographics and psychographics were) and underestimating the level of sophistication 
of innovators and early adopters . 

In terms of product design, the issue of remote choice highlights how a seemingly insignificant 
product design decision can affect the perception of the quality of the product. Selecting the narrow 
band remote and saving money resulted in diminished perceptions of quality. If the manufacturer 
wants the product perceived as a leap in technology, the best available technology should be a part 
of the package and not one that costs ten cents less per unit to produce. 
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Some elements of Philips' promotion strategy did develop the perception of an advanced product. 
The media selected was appropriate as early adopters in particular get their information from mass 
publications. However, the imagination machine advertising copy did not match up with the 
functions of the system available in the initial units. Thus, consumers were disappointed and 
confused . And while the ad copy's discussion of the technologies merged together in the CD-I 
system might be effective with late adopters (i .e., those not willing to take on much risk in their 
purchases), such comparisons might denigrate from the image of a totally new technology worthy of 
adding to the high tech junkie's collection. 

The initial retail stores selected by Philips did not project the image of technological sophistication 
that also contributed to the consumers' confusion. Sears and Circuit City might be where the late 
majority shops for new technologies but it is not where the early adopter categories expect to find 
the most technologically advanced products. Likewise, the initial pricing strategy of skimming might 
have provided a perception of a new technology but almost immediately management dropped the 
price. In the rush to get the product to market, Philips forced the consumer to "imagine" the 
possibilities that the system could not yet deliver. Clearly, the signals that Philips sent through their 
marketing strategy contributed to the confusion consumers experienced and which still persists 
today. 

References 
Calabrese, G.V.P. (1991), Marketing, Philips Consumer Electronics, personal interview, 1991. 

Davidow, W.H. (1986), Marketing High Technology; An Insider's View. The Free Press, New York. 

Dubois, M. (1994), Early Casualty? Wall Street Journal, R19 (March 21 1994). 

Kidney, J. A. (1994), Blockbuster Entertainment Corporation [case]. West Publishing. 

Olson, E.M., Walker, O.C.Jr., and Ruekert, R.W. (1995), Organizing for Effective New Product 
Development: The Moderating Role of Product Innovativeness, Journal of Marketing, 59: pp. 48-62. 

Reilly, P.M. (1992), Sales of Latest Digital Music Systems Hit Sour Note Despite Promotional Hoopla, 
Wall Street Journal, Bl, B6 (December 21, 1992). 

Both Philips and Apple have focused on being technological leaders. Having maintained a 
predominant product orientation, they demonstrate that neglect of the customer can be detrimental 
to the product launch. Apple's introduction of the Newton provides additional examples of strategies 
that did not match expectations of high tech consumer, in particular those of the innovators and 
early adopters. 
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Apple's Newton 

In 1992 Apple Computer introduced the Newton, a hand-held message pad computer promoted as a 
"personal digital assistant" and capable of sending and receiving faxes and transmitting data 
electronically. The Newton sold strongly at first, mostly to adopters of early technology, who were 
not satisfied with the hardware or software. Sales fell short of expectations and the product was 
revamped and reintroduced in 1994. The new improved Newton, however, still did not meet the 
consumers' expectations of a cheap hand-held data device that can seamlessly communicate 
anywhere as promised by Apple. While sales after reintroduction were more promising, the initial 
launch of the Newton was not only dismal, but actually harmed the future of the product line. The 
Newton, says Microsoft Corp. Chairman Bill Gates, may have "set the category back a couple of 
years" (Hill and Carlton 1994). 

Target Marketing and Mass Marketing: While Apple may have initially had a specific target in mind, 
their stra~egy decisions point to a mass marketing approach. It was only after reintroduction of the 
Newton that Apple clearly targeted areas with vertical market growth such as health care companies 
and brokerage houses (Carlton 1995). Product reviews indicate that this product, when complete, 
would appeal strongly to techno-philes (a common innovator of high tech products), as was the 
case with the early purchasers of the Philips' CD-I (Carlton 1993). 

Product: [Designed to compete with AT&T's Eo and the Zoomer, a product of Casio and sold by 
Tandy, A~ple did not have a completed prototype in May 1992 when John Sculley, then Apple's 
CEO, introduced the Apple Newton. Compaq and Sony, however, were also at work on their own 
versions lof the personal digital assistant which compelled Sculley to rush the Newton to market 
(Burgess 1993). With a media splash consistent with previous product launches, Mr. Sculley 
introduced the Newton at a 1992 press conference by displaying an empty box describing the 
capabiliti~s of the software (Yamada 1993). 

The personal digital assistant was a new product category combining wireless electronic 
communication with file management, handwriting recognition capabilities and a pocket size . 
Although Apple claimed its Newton could recognize handwriting, send faxes, and receive wireless 
messages, at launch it could not send wireless messages or receive faxes and wasn't particularly 
adept at handwriting recognition (Goldman 1993). Again, in Davidow's terms, the Newton was not a 
"complet~ product" (Davidow 1986). 

At the time of product launch the Newton could perform about " ... 75% of what Apple says it can 
do", ma 'ntained Andrew Seybold, publisher of the monthly newsletters Outlook on Mobile 
Computing and Outlook on Professional Computing, "which only contributes to a user's frustration". 
He described the Newton as " ... an interesting combination of features and functions that won't sell 
well" (Yamada 1993). 

Reviews of the Newton as well as the product category as a whole have not been glowing. A Wall 
Street Journal product review described the product's currently on the market as not having been 
designed to address a particular unmet need, technologically flawed and all of this has been 
combined with a very high price (Hill 1994). The product category has been described by others as 
"an information organizer on steroids" (Yamada 1993). Clearly, Apple's vision of a revolutionary 
product has not been shared by the customer. 

Price: THe pricing strategy for the Newton created a dilemma for the research team. Historically, 
Apple had used a skimming strategy for their products . However, this time, Mr. Sculley set a price 
point of $500 and a set of product expectations which the research team could not fill at $1,000 
much less $500 (Yamada 1993). Even with a sticker price of $699, the reintroduced Newton was 
still perceived as too expensive to generate the market appeal it sought (Carlton 1995). Once again, 
the pricing strategy did not fit the product strategy. 

Promotion: As is the case whenever Apple launches a new product, extreme attention was played to 
their proh,otional mix, from press conferences to advertising copy . In keeping with their strategy to 
provide sensational presentation, the Newton's introductory promotion was dramatic to the 
extreme. At the press conference a year before launch, John Sculley not only claimed the Newton 
was "thJ beginning of the biggest thing Apple has ever done" he went so far as to state, "This is 
tremendously exciting for the rest of the world" (Yamada 1993). However, unlike their famous 
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Macintosh introduction of 1984, Sculley actually enumerated the features of the product as he 
envisioned them . 

In its promotion strategy Apple Computers made many promises about the Newton, few of which it 
could fulfill. Making the same mistake as Philips, Apple advertised specific features prominently and 
then failed to deliver on its promises. Because of exaggeration of the capabilities of the product 
early users were disgruntled and, in fact, many returned the product (Goldman 1993). It seems the 
predictions of the Wall Street Journal were accurate. 

Lessons Learned: The marketing mix for the Newton was long on promise and short on fulfillment. 
In terms of the product offering , it was neither a complete product nor a fully functional product. In 
the hurry to get to market, Apple had not fully developed the handwriting recognition software, one 
of the featured attributes. While innovators and early adopters are willing to take risks on new 
products, they do expect a minimal level of performance which Apple's Newton could not deliver. 

The Newton was not a complete product because at the price point Sculley insisted upon, the 
research and development team could not deliver all the features Sculley promised . In fact, the 
research team had to strip some features, settle for compromises on others and offer the Newton in 
parts (Ya'mada 1993) . The promotion strategy only served to compound all of the errors rendered 
by the inadequacies of the product. 

One could argue that Apple attempted to develop a dramatically new technology to satisfy 
sophisticated high tech consumers as suggested by Olson, Walker, and Ruekert (1995). However, 
Sculley's overly ambitious, idealized product concept resulted in a less than successful product 
launch. "It will take two or three iterations before these things are any good", says Kimball Brown, 
the Chief Analyst for mobile computing for Dataquest, a research firm (Hill 1994). 
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Failure to successfully launch the Newton followed other unsuccessful launches such as the Mac 
portable computer. Apple was clearly not learning from its previous mistakes. Similar errors can be 
found in Sony's launch of the BetaMax. 
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Sony's Betamax 

The videotape player market emerged in 1971 but the standard for VCRs, the VHS format, did not 
appear on the market until 1976. Predecessors to VHS included InstaVideo by Ampex, an almost 
instant flop, the U-matic format by Sony which was soon relegated to the submarkets of educational 
and industrial training due to its heavy, cumbersome nature, and BetaMax also by Sony (Perry 
1988). (Note: other failed formats are on display at the Ampex Museum of Magnetic Recording in 
Redwood I City, California.) Of all the forerunners, BetaMax is certainly the best known as it still 
represents a point of controversy centering on its supposed superior technology. 

Target Market and Research. It is not unreasonable to ask the question why Sony's BetaMax format, 
introduced in 1975, a full year before the VHS format, did not prosper. Videotaping and playing 
ability appeals to most owners of television sets. Furthermore, this market actually is large enough 
to allow several competing products to prosper (Cusumano, Mylonadis, and Rosenbloom 1992). In 
fact, in the early 1980s VCRs surpassed color televisions in sales and became Japan's top consumer 
electronics product in production value (Cusumano, Mylonadis, and Rosenbloom 1992). 

One characteristic of Sony which might be a primary culprit in the failure of BetaMax was the total 
absence of market research. A former Sony executive, Yasuo Kuroki, once claimed, "We do not get 
involved in marketing studies to build products. No, we operate on the concept of increasing the 
number of people in our ranks who are working toward the same aims as us" (Hirai 1991). RCA, 
considering an alliance with Sony, conducted its own research and found that consumers required a 
minimum tape capacity of two hours before considering a purchase, far short of Beta's one hour 
capability. At the time, RCA decided to delay production of any VCR until it found a partner capable 
of a high level of production and a design capable of long time recording (Cusumano, Mylonadis, 
and Rosenbloom 1992). 

Product. The evolution of the VCR market is perhaps a well-known story. Several earlier attempts 
began with questionable products that used tape cartridges, sharp angle turns for tape loading, 
heavy, bJlky cases, and even tape players which did not record. Sony's first product in this category 
was the U-matic. Though targeted at the home consumer, it was too large, too heavy and too 
expensivl In an attempt to sucessfully attract the home consumer, Sony introduced the BetaMax in 
1975 as the first compact, lightweight, inexpensive VCR with a recording capacity of one hour. 
Sony's goal was to set the standard for the VCR market (Cusumano, Mylonadis, and Rosenbloom 
1992) . 

One of Beta's strengths was a broader carrier signal band width than VHS (Perry 1988). This 
difference is one of the bases upon which videophiles declared the BetaMax superior (Cohen 1989). 
Beta also had a higher signal to noise ratio. It is questionable, however, whether these differences 
were discernible to the viewer (Perry 1988) . What consumers clearly preferred was the longer 
playing time of the VHS format (6 hours) to Beta's picture quality (Cohen1989). 

Price. Pricing at the time of product launch was somewhat confusing. In April 1975, Sony 
announced the launch of its new BetaMax line of video cassette recorders to be prices at $788 (Wall 
Street JoJrnal 4/17/75). The month before product launch, the BetaMax unit (including a 19" color 
TV) was ~dvertised at $2,295 even though a simplified model was currently selling in Japan for the 
equivalent of $800 (probably the source of the earlier low price estimates, ( Wall Street Journal 
10/30/75). The high end pricing strategy for bundled units led to the BetaMax only appealing to the 
luxury market, "wealthy people who want expensive toys" (Wall Street Journal 7 /8/76). 

While the price of Beta ($899 in 1975) was not, itself, a barrier to adoption, the price of prerecorded 
movies was. Paramount Home Video and Sony formed a joint venture to sell Paramount's feature 
and educational films which were priced at $79.95 to $87 .95. By 1987, Paramount Home Video was 
forced to drop the price of Beta movie cassettes from $79 .95 or $89.95 to $29.95 (Cohen 1989) to 
clear inventory. At the same time, VHS tapes were being sold profitably at $29.95. 

Place . Similar to other electronics manufacturers such as Matsushita, Sony relied heavily of alliances 
with other production or marketing firms. It originally intended to develop and produce VCRs with 
JVC. Sony also attempted to court Matsushita but this resulted in a Japanese trade paper article 
about the chairmen of Sony and Matsushita meeting late one night on a subway train (Perry 1988). 
According to the story, Matsushita had developed a two-hour playing time on a much smaller 
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machine and refused to consider Sony's one hour capacity of Beta. Sony, on the other hand, 
refused to surrender its superior picture quality for the sake of size and playing time. This lack of an 
active pah:ner to combat competing formats hurt Sony considerably when the competitors entered 
the market with extensive promotional and advertising budgets (Cohen 1989). 

Promotion and Positioning. Sony encountered a number of opportunities to position BetaMax. 
Though first in the market, Sony did not position the Beta towards innovators and early adopters of 
this product category who were largely videophiles. Though Sony had retargeted their original 
offering ih this market, the U-matic, toward industrial training and educational markets where its 
size and weight were not obstacles, the promotions for the Beta did not indicate that Sony had 
really learned what would appeal to innovators and early adopters in the consumer market. 

Once co1petitors entered the market, though Sony had an affordable lightweight machine, RCA was 
able to exploit the long playing time (6 hours) of VHS in its promotions which disintegrated Beta's 
shrinking market share which went from 100% to 28% in 6 years (Cohen 1989). Whatever first 
mover advantage Beta had was wiped out and Sony was left unable to differentiate its product. 

Having f~iled initially, Sony then failed to take advantage of the Beta's technical superiority and 
develop promotions to reposition the machine to appeal to the high tech videophiles, many of whom 
to this day still defend the BetaMax as a superior machine (Electronic Business Today). 

Lessons Learned. BetaMax was the only VCR on the market for almost one year. Having first market 
entry advantage should have catapulted the BetaMax format to the top. Why then did BetaMax fail? 
While some technophiles still attest to the superior qualities of BetaMax (including greater horizontal 
resolution and signal-to-noise ratio) (Perry 1988), Beta was an incomplete product. This was due to 
a combination of a compromised design and total disregard for consumer preferences. This is ironic, 
as Sony's mistakes with Beta were similar to those it made with the U-matic, a machine superior to 
existing technology but without the features wanted by consumers (Cusumano, Mylonadis, and 
Rosenbloom 1992). 

Though Sony ultimately tried to respond to consumers with the Extended Definition Beta, JVC 
introduceal the Super VHS designed to counter Sony's clearer, sharper picture (Cohen 1989). This 
competition has resulted in a clear winner - the consumer. As quality improved, price dropped. But 
there was also a clear loser - Sony. 

Unlike the case with Apple's Newton, the failures of InstaVideo, U-matic and BetaMax did not delay 
the adoptjon of the product category. For Sony, however, the experience of attempting to set the 
product standard with a machine which did not fill consumer's needs was a painful one. The defeat 
of the BetaMax was so crushing one Sony executive recalled, "At one point we even gave serious 
consideration to abandoning consumer products altogether" (Hirai 1991). 

References 
Cohen, J . (1989), Whatever Happened to Betamax? Consumers' Research 28-29 (May 1989). 

Cusumano, M.A. Mylonadis, Y. and Roosenbloom, R.S. (1992), Strategic Maneuvering and Mass
Market Dynamics: The Triumph of VHS over Beta, Business History Review, 66: pp. 51-94 (Spring 
1992) 

Hirai, K. (1991), Sony Makes What Its Staff Wants to Make, Tokyo Business review, 59: pp. 40-43 
(April 1991) 

Perry, T.S. (1988), Among the Classics: The VCR, IEEE Spectrum, 25: pp. 112-115. 

-18-



Marke~ing Mistakes and Misconceptions in Product Launch 
Marketing Mix I Phnips I Apple Sony 
Element 

Incomplete product Incomplete product Product technology did not 

Prod1uct Shoddy remote was Not all promised features 
meet consumers' needs 

incompatible with will available Could only record for one 
brand image 

Some promised features 
hour 

Software not available did not perform as Superior band width and 
to use all of machines advertised resolution (opportunity for 
unique features differentiation) but viewers 

couldn 't perceive a 
difference 

I P,ke 
Skimming strategy Skimming strategy Skimming strategy conflicts 
conflicts with mass conflicts with mass with mass market approach 
market approach market approach 

Promotion Poor job educating Couldn 't fulfill promises Pitched the product to the 
consumers about the made in promotion mass market 
nature of the product 

bad product reviews Did not promote product's 
only used specially revealed shortcomings superior features to back-up 
trained salespeople for technophiles 
3 months 

' 

Distribution Distribution did not fit Missed pre- recorded tape 
target market or brand distribution (very important 

I image to VCR owners) 

I 
Refused license to Hitachi 

Targeting Ignored early adopter No evidence that they Did not target early adopter 
categories (innovators 1 attempted to address categories; focus was on the 
and early adopters) adopter categories mass market 

Timing of market Product launched Rush to beat competition Commitments to production 
entry before software was to market resulted in of U-Matic design delayed 

available to produce product incapable of entry to home market for 

I promised product performing 25% of VCRs Refused to delay entry 
promised tasks to establish relations with 

Matsushita 

-19-



Appendix 7 

Literature review 
In this appendix some background information is observed in literature. More information is 
gathered concerning the customer, the Product Creation Process (PCP), ways of information 
gathering to find soft failures, and finally Quality & Reliability (Q&R) methods are discussed. 

7[.1 Customer Focus 
Table 2.1: Adopted from Hartley (1994), Loudon and Della 
Bitta (1994), Settle and Alreck (1989), and Engel Blackwell & 
Miniard (!_99i5). . . 

1. Customer expectations not met 
! 

2. NI innovative advantage perceived 

3. Information about product is scarce, unclear, 
or difficult 

I 

4. Need for product is not seen 
I 

5 . U1ique attributes not seen 

6. Poor selection of target market 
. I 

7. Per r communication of product benefits 

8. Distribution channel selection 

9. Pricing problems 
L . ... 

7.1.1. Satisfaction Models 

As Berden et al. (2000) mentioned factors 
associated with technological product failure, the 
predecessors are given in the table below (see 
table 7.1). In this section models will be given on 
the subject of satisfaction, innovation, and 
customer use. 

Table 7 .1 Factors associated with 
technical product failure 

Factors that should be gathered to establish customer satisfaction are mentioned in the so-called 
satisfaction models. Two models will be discussed below: the Image/Value/Satisfaction model by 
Deschamps and Nayak (1995) and the Kano model (1984). Both methods are focused on the 
purchase activities of the customer. 

D 1l age/Value/Satisfaction 

A concept that shows the parts of influence on satisfaction is the Customer Preference Model 
developed by Deschamps and Nayak (1995). He combines the Image/Value/Satisfaction concept 
with the Kano model that will be discussed in the next section. Their two equations of Value (V) and 
Satisfaction (S) are helpful to recognise some important variables for innovative products like the 
variables excitement in (la), in-use quality versus expected quality in (lb), and the unexpected 
delights versus the unexpected problems also in (lb). These variables are difficult to measure but 
these equbtions make clear that it is necessary to find some information about these variables to 
create a successful product . 

V = Visible Quality I functionality I excitement 

Purchase cost 
(la) 

S 
In - use quality I functionality I cost Unexpected delights 

---,------'---------+---------
- ExpJcted quality I functionality I cost Unexpected problems 

(lb) 
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D Kano Model 

The other approach, the Kano model, can subsequently help businesses to find out which 
requirements they must fulfil (must-be) , which requirements they should be competitive (one
dimensional), and which requirements are attractive in the eyes of the customer (attractive) 

not m.:t 

Figure 7.1 : The Kano 
model 

Happy customer 

Unhappy customer 

Customer 
1\:(1uirc111cnt 
met 

(Tontini , 2000). In this model, Kano et al. 
( 1984) distinguish three types of product 
requirements that influence customer 
satisfaction and reliability in different ways 
when met (see figure 7.1). This model is 
based on the explicit and implicit customer 
requirements. Especially the attractive 
requirements or nice-to-have create an 
excitement ( .. ?) in an innovative product 
and are responsible for the surprise-effect. 
The linear satisfiers create the implicit 
requirements, which the customer do not 
ask for. 
It is necessary to find both implicit 
requirements in advance to reduce the 
risk of intuition, and to hopefully create 
something delightful for a surprising 
effect. 

7.1.2 Rogers' Diffusions of Innovation Model 
Developing the belief that individuals 
differ in their readiness to adopt new 
products, Rogers describes five types 
of individuals in his Diffusions of 
Innovatioh Model such as innovators, 
early adopters, early majority, late 
majority and laggards (see for 
description table 7.2) . These types 
differ in I terms of their timing to 
adopt a new product in the PLC and 
the sources of information they rely 
on to adopt new products (see figure 
7.2). 

The Product life Cycle 

Figure 7.2 : Adopters in the PLC 

The percentages used in the figure correspond with Rogers (1983). Understanding the differences in 
the five adopter groups presents a way to successfully reach individuals at various stages of 
adoption as the " ... main uses of research on characteristics of adopter categories is to provide a 
basis for audience segmentation strategies ... " (Robinson, et al., 1992). 

Table 7.2 : 
Five adopter 
categories by 
Rogers 
(1962) 

Innovators 

Early Adopters 

Early Majority 

-
Late Majority 
and Laggards 

- willing to take risks "gatekeeper" 

- impersonal and scientific information 

- accept new ideas early opinion leaders 

- rely on multiple sources of information 

- risk adverse; don't purchase until late 

- rely on company-generated promotional 
growth stage 

information and word-of-mouth 

- require early categories to "test drive" advantage for companies 
the product ' who enter during maturity 

Like Kotl ~r (1984), Rogers (1983) and Moore (1991) state also that while the requirements for 
success change as the market evolves (Abell, 1978), this widely accepted adopter classification 
system should cause the innovative firm to research the characteristics of the innovators and early 
adopters and direct introductory marketing strategies specifically at them. Additionally, Moore 
(1991) states that their consumer involvement is critical in designing the consumer input, but do 
not restrict the input to this segment. Factors of influence on expectations in the pre-sales process 
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depend on the intention why customers buy a product (Rogers, 1983), and how they are treated at 
point of slales (Goff, 1997). In this phase of the use process the implicit expectations will be created. 

7.1. 3 Customer Use Process 
The user !will evaluate the performance of the product compared to its own expectations of that use 
phase anp is unique for each customer interacted with the product. The use process from purchase 
to discar<t! can be derived from a process tree (Mager, 1972); information gathering in pre-sales 
phase-> boint of sales->transport->out of the box experience at user's environment ->extended 
use->discarded. The out-of-the-box phase can then be derived from the use phase as described by 
Roozenbyrg and Eekels (1996), but Philips formulates the Out-of-the-box phase as showed in figure 
7 .3: the customer sees the product for the first time, in real life, in his own environment. At this 
stage of use the first customer should complain immediately if there is a hard-failure, but mostly 
the complaints concern a customer-experienced problem with an "in specification" product. The 
non-technical field complaints can be categorized in the first three intentions why customers bought 
a product (Rogers, 1983). Once at home the customer will compare the product with his first 
intended expectations of the buying process. 

7.2 PCP 

Extended use for a long period of time 
is not relevant when we speak about 
high-innovative products. It is assumed 
that innovation breakthrough products 
will act upon each other very soon and 
the commercial PLC of new innovative 
products is very short (Minderhoud, 
1999). The user's environment is very 
dynamic and is of less importance 
according to Mennen (2004). The 
environment concerns one product at 
the start of the use-process and not 
after several years when the product 
will be combined with other new 
futuristic products. 

The customer focus factors should be integrated in the Product Creation Process (PCP), to know 
what a customer wants in a product . Four different approaches are found in literature, even as the 
approaches to create feedback in different ways. 

7!2.1 Four Development Processes 
The Dyna

1

mic and Iterative process seems to be the most suitable process for the development of 
high innor ative products in case of dealing with uncertainty and time pressure. Seeing that the 
focus in on this development process, more specific characteristics will be discussed on the other 
three re1 aining development approaches: 

1. New product technology development 

2. S~quential process 

3 C l E . . . 0ncurrent ngineenng 
I 

4. (Dynamic and Iterative Process) 

The PCP is the complete design process of a product, from sketch to complete product. In the 
traditional organization a PCP is structured in milestones and deliverables as in a sequential process 
(nr. 2). Atfvantages are that during every phase (groups of) people concentrate on one aspect and 
that if the checkpoints are very effective the organization can be very good at controlling reliability 
(such as used in the software development). Major drawback of this system is that there is a follow 
up of activities cause time delays and on the CE market there is only a very short period of time 
available to design a new product. The key assumption of such compression models is certainty and 
the image of product innovation is predictable series of well-defined steps (Eisenhardt and Tabrizi, 
1995) likJ the sequential process. Petkova (2003) states as disadvantage the lack of flexibility; the 
concept iJ frozen after the first milestone. Furthermore the lacks of customer focus; the main goal 
of the prdcess participants is to reach the milestone of the respective phase. 
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According to Minderhoud (1999) a PCP can be successful when it meets with the next four 
requirements that are answering the four trends in development : 

! ~creasing competitive intensity; more new products 

Increasing technological intensity; higher frequency of generations and technical complexity 

Market globalization; more types per product 

Shorter life cycles; more rapid follow up of product generations 

The four requirements describes above cannot be met by the traditional 'phase gate" approach to 
the PCP. A good solution to meet the four requirements is by using the Concurrent Engineering (CE) 
principle (number 3) . The basic idea is that downstream activities as early as possible, even when 
upstream activities have not been completed. The arrows indicate the various activities within the 
PCP. The difference between the three types of engineering is clearly visible in figure 7.4. 

Mode 1 
Seria l/B atch 

Mo d e 2 
"Early 

Sta rt in 
the D ark" 

Mode 3 
E arly 

Invo lve m e nt 

Mode 4 
In teg rate d 
Prob lem 
So lving 

I ::;;;'.'.? I Phase 2 

[~/ _ __ __.I Phase gate 

I~ .. sparse communi catio n 

r---·/ Phase 2 

1

~ Ph ase2 

~ I 

P hase 2 

Concurrent 
Engineering 

rich comm uni cati on 

Iterative 
design 

Figure 7.4 : Engineering approaches (Wheelwright and Clark, 1992) 

In a CE process, development speed is increased by doing certain activities in parallel, and starting 
activities as soon as possible (also in the 'dark'). Disadvantages, in fact, of CE are according to 
Eisenhardt and Tabrizi (1995) and Yazdani and Holmes (1999) that when task are carried out with a 
big amoJnt of uncertainty, no time profit is given. According to Petkova (2003) a disadvantage of 
the CE process is that each phase can only start when the previous phase has been completed in 
case of the uncertainty in high innovative products, and causes delays in the process also. 

In a CE process unfinished upstream activities are too uncertain to start the next task because too 
many assumptions have to be made (Jackson, 1991). 

Finally, new product technology (approach number 1) will be developed separate from a product. A 
study done by Emonts (2004) shows that development of technology and a suitable product will 
never merge; first the technology, then the product. New product technology has no relevance in 
this thesis. 

7.2.2 Feedback Processes 
To create information flows for dealing 
with customer-focused information, three 
possibilities for feedback processes are 
available. In the case of local feedback 
(see figure 7.5) the output of the 
subsequent process is used as a 
reference for altering the previous 
process or process parameters (Berden 
et al. , 2000). This verification loop will 
lead to controlled processes. An example 
of local feedback is the use of customers' 
experiences with a product while 

Strategy 

BCP 

PCP 

Improve 
process 

Controle 

S&S 

Field data fo r 
next generation 

Figure 7.5: Local feedback by process improvement or control 
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assessing customer requirements for next generation products. 
anticipate on possible changes in subsequent processes. 

To antici Jate on possible changes the output of a 

However, this approach does not 

certain process is passed on and communicated 
to a subsequent process (Berden et al., 2000). 
Now two options are available: the subsequent 
process can be adapted or the subsequent 
process parameters can be altered. When 
altering the process itself however, process 
instability will not be solved. Output inspection 
will therefore still be needed. An example of a 
local feed-forward (see figure 7.6) is to identify 
the customer needs and adjust the process and 
product before the product is launched into the 

Specification 

PCP 

Design 

Adjust process 
(parameters) 

Figure 7 .6 : Local feed forward 

Realisation 

market. 

Verification 

Design Use 

Outcomes in subsequent processes are 
anticipated and acted upon, after which the actual 
results are verified in order to adapt the previous 
processes again. This method (see figure 7. 7) 
requires sufficient knowledge and sophisticated 
models of subsequent processes and frequent 
verification to keep these models up to date. An 
example of such an approach is to anticipate on 
the customer requirements and the customer user 
environment in the entire product development 
process. 

Antic ip ati on 

Figure 7.7: Iterative optimisation Data in high-innovative product development must 
be generated as early as possible to create 
feedback as well as feed forward information 

flows. The product must be tested intensively before introduction takes place. These flows are not 
discussed very generously in literature, but the first insights are: 

Make a demo or prototype planning and define in what phase which kind of prototype must be made in 
accordance with the phases of the development process. 

Emphasis the activity of testing to find soft failures. Test the right customer profile and the analysis 
must be on the first impression/use and the usage pattern of the customer. 

Take care for feedback and feed forward, especially about the test data from simulated out-of-the-box 
experiences. 

Integrate the test results in the further development of the product (before it reaches the market) if the 
data shows that it is relative important enough. 

7 .3 Information Gathering Alternatives 
For iterative optimisation a lot of iterations should be done. This is possible by gathering information 
in different ways. At Philips, for example, certain consumer tests at certain test institutes are used 
before the product realisation finally takes place: 

Validating the interaction with the product by usability tests like High Contrast Consumer Testing 
(HCCT) and Real Time Marketing (RTM) (Luijten, 2003; Boersma and Loke, 2004) . Boersma and Loke 
did research to determine the root causes of product rejections and the goal of the test is to be sure 
that the product fulfils the customer requirements and to check to what extent the expectations (in 
advance) are fulfilled. 

The Homelab of Philips is a nice example of observing the customers in a domiciled environment. The 
Homelab is a sort of house of the future and observe the customer behaviour and usage patterns 
(Poelman, 2004). 

For demos and prototypes different alternatives are found in literature like prototyping, Computer 
Added D~sign (CAD), virtual reality, and The Internet: 

Prototyping is a type of reliability management and is often seen performed in a dynamic/iterative PCP 
(Lu, 2002). These PCPs interact with customers through product prototypes right from the beginning in 
order to understand better the rapidly changing customer requirements. Prototypes can be classified 
along two dimensions to decide what to build: physical as opposed to analytical and comprehensive as 
dpposed to focused (Eppinger, 2000) . Testing is possible by the several options to make prototypes 
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such as 3D computer modelling , free-form fabrication , rapid prototyping, and stereo-lithography 
(Luijten, 2003) . 

Cf D is very helpful to set some technical specifications . 3 Dimensional (3D) programmes give the 
developers insight in form and dimensions of a product. On the computer screen they establish the 
dimensions in 2D and can configure it to a 3D model. The program tells the developer if the technical 
specifications are possible. In experiential models CAD usage slows down product development, 
because they are poorly suited to creating new iterations and comprehensive testing (Eisenhardt and 
Tabrizi , 1995). 

As virtual reality becomes more economical and easy to use, it may become an important component of 
all consumer research (Wind and Mahajan , 1997), like for example in the automobile industry (Urban et 
al. , 1996). 

Another route to speed marketing research projects involves using the Internet to get customer and 
prospect reactions to concepts (Wind and Mahajan, 1997) . 

Either using the expectations to create the optimal solution instead of an acceptable solution, or 
interpret expectations as a hierarchy, it is supposed that the costs of change will increase 
enormously the more progress is made in development (see figure 7.8) . When the developer 
decides to adjust the product to prevent a soft failure in future, the PCP must be adjusted in such a 
way that the product and the next generation products will not be bothered with the same 
problems. Unfortunately, no literature is found about such adjustments for dealing with soft 
reliability problems. The argumentation of the right product adjustment is more important than the 
aspect of money. Likewise, the lack of technological knowledge supports this assumption . Without 
technical knowledge nothing sensible can be said about developments costs. 

I 
I 
I 

\ Costs 
\ determined 
I 
I 
I 
I 
I 
I 

\ 
\ 

\ 

' ' ' ',, ..... 
',, 

----

Costs of 
change 

Figure 7.8 : Cost of product changes at 
~----------------------- any certain moment in PCP 

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

PCP 

7 .4 Quality & Reliability Tools 
Besides QFD and FMEA, the other methods are applied in the development process at a moment 
where the customer focus already should have been integrated in the concept or product (see figure 
7.9). Methods like Taguchi's (Robust Design) RD, Design for Excellence (DFX), and Design of 
Experien~e (DoE) are not suitable fo r high-innovative products because they are not very concrete 
to use in later development phases. RD is more a philosophy like Taguchi 's ' loss function '. DFX is 
more u~eful in a stable situation with simultaneous engineering and it is more a systematic 
consideration of relevant life cycle factors, such as manufacturability, reliability, maintainability, 
affordability, testability, etc., in the design and development process (PDMA, 2004) and not specific 
intensified on the customer-focus of high-innovative products. Finally, DoE has proved to be 
effective! in the monitoring and adjusting of the manufacturing process, but does not process 
adjustments on expectations at all . DoE is more a statistical method for evaluating multiple product 
and process design parameters simultaneously rather than one parameter at a time. 
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PRODUCT DESIGN AND DEVELOPMENT PHASES 
Figure 7.9: Overview by Booker (2000) 

7.4.1 QFD 
Quality function deployment is a methodology that is generally used in the first phases (specification 
and concept) of the PCP (Booker, 2000) and hence is strongly proactive in nature (Cheng, 2003). It 
is a method for developing a new product that helps engineers determine customer demands and 
translate the customer requirements into product features. According to Bossert (1991) QFD is 
driven by what the customer wants, not by innovations in technology. Customer wants determine 
whether new technologies are needed . Once a product is defined, QFD enables the design phase to 
focus on and integrate key customer requirements. QFD exercises tend to look beyond the usual 
customer feedback and attempt to define the requirements in a set of basic needs, which are 
compared to all competitive information available . All these aspects don 't fit into iterative 
development process where most aspects are uncertain early in the process and competitive 
information is hard to find. 

The next steps of QFD are less relevant when you start with uncertain factors and driven by new 
technologies cannot be included. The translation of the identified design attributes into technical 
specifications is determinative for the first steps (Akao, 1990). QFD is more to map the influences 
and relations between different attributes. It supports design teams in developing new products in a 
structured way, based on an assessment of customers' needs, techn ical features and the trade-off 
of technical features. The product development project can be outlined in a seven step-by-step 
approach (figure 7.10). 

Step 1: identifying customer needs 

Step 2: structuring the needs and prioritise them 

Step 3: comparing customers' perceptions 

Step 4: identifying design attributes 

Step 5: developing the relationship matrix 

Step 6: developing the roof matrix 

Step 7: estimation of costs, feasibility and technical difficulty 

Figure 7.10: QFD 's step-by-step approach by Matzler and Hinthuber (1998) 

In step 4 the product development team translates customer needs into engineering concerns. The 
question is: How can we change the product? The team has to identify those design attributes, 
which fulfil customers' needs. The pace to define the design attributes is described by Akao (1990). 
He sees customer expectations as shown in figure 7.11. He sees durability, safety and maintenance 
as reliability items. 
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Function Example Note 

1 Basic functions Convenience, aesthetics 

Easy handling 

2 Durability Extended use; life at least 11 

} years 
Reliability items 

3 Safety No danger, harmless 

4 Maintenance Parts can be easily replaced 

Figure 7.11: Customer expectations according Akao (1990) 

In the eyes of the researcher these expectations are not the expectations you are looking for at the 
start of the development of a high-innovative product and don't give enough depth . These 
expectations are too basic and logically and lean towards customer requirements. Next he splits up 
a customer expectation, or in case of QFD demanded quality, into an upper level of detail. See for 
example figure 7.12: 

1st level 2nd level 3rd level 

1 easy to 11 easy to hold 111 easy to carry around 
handle 

112 easy to hold because it is small 

113 easy to hold because it is light 

114 stable when held 

115 stable when it is put down 

12 I do not get tired while 121 has an appropriate weight 
manoeuvring 

122 has an appropriate size 

13 easy to understand how to 131 easy to understand how to use 
manoeuvre 

132 easy to manoeuvre even for beginners 

Figure 7 .1

1
: Part of qua'.ity chart (Akao, 1990) 

Next he extracts quality elements out of the 3rd level items. See for example figure 7 .13. 

Demanded items (3rd level items) Quality elements 

111 easy to carry around weight, dimensions, shape, portability 

112 easy to hold because it is small dimensions, shape, portability 

113 easy to hold because it is light weight, shape, portability 

114 stab \e when held weight, center of gravity, angle of inclination 

115 stable when it is put down shape, center of gravity, stability 

Figure 7. lB: Extracting Quality Elements (Akao, 1990) 

This method is useful to create a good list of requirements when the customer expectations are 
predictable. When you, as designer has to interpret customers' judgement you must be very sure 
that you have choose the right level of detail. These requirements are the start of a very intensive 
process. According to Akao ( 1990) a Design Review (DR) is very important since it represents an 
opportunity to inspect the design itself but with high uncertainty at the beginning this is not 
suitable. When you look at writing down all these levels and elements it is a very administrative 
task and it is not flexible to adjust requirements. This is often called a disadvantage of QFD in 
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literature (Bossert, 1991, Schmidt, 1997). The method is not user-friendly and is often not used in 
the right manner. 

The next steps of QFD are less relevant when you start with uncertain factors and driven by new 
technologies cannot be included. The translation of the identified design attributes into technical 
specifications is found very important by Akao, (1990). QFD is more to map the influences and 
relations ' between different attributes. So in step 5 the product development team has to judge how 
strongly ~he different design attributes influence individual customer needs. The influence should be 
measured because; to determine priorities and directions for improvements to the design attributes, 
to proviqe an objective means of ensuring that customer requirements have been met, and to 
provide targets for further detailed development. In step 6 the roof matrix should quantify the 
physical relationships between the design attributes. Sometimes the improvement of one design 
attribute leads to a degradation of other design attributes. Finally, the product development team 
should try to quantify costs, feasibility and technical difficulty of each design attribute, which is 
necessary if reasonable choices are to be made. This last step is not important for the subject in this 
assignment. 

I 
Besides the basic theory of QFD in literature different alternatives are found to improve QFD 
concerni~g dealing with customer-focus. The alternatives are: 

D QFD and TQM 
Besides the traditional method QFD, it can be emerged from the total quality management (TQM) 
movement to become closely linked with the notion of market orientation and so with customer 
requiremr nts. The TQM paradigm is based on the notion of using the process to create value for 
customers in four key areas; 

1. Customer excellence 
2. Cycle time excellence 
3. Cost excellence 
4. Cultural excellence (Mohr, 2001). 

Customer excellence can probably give more insight in the maintenance of the customer 
expectatibns and requirements in general but does not add value to the criteria mentioned in the 
introduction of this chapter. 

□ QFD and Kano 
Matzler and Hinterhuber (1998) have given a good completion by applying the Kano model into the 
first four steps of QFD to create more depth in expectations. The results of their Kano questionnaire 
could be integrated in QFD matrices. The first four steps are to construct the so-called 'House of 
Quality' (HOQ) or the building bricks to construct a stable house. When these first steps contain a 
certain amount of uncertainty, the construction of the house should be worth nothing and the house 
will collapse . It's important that engineers interpret the questionnaire's result on uncertainty
awareness before they decide to start with QFD. 

D ICoDe 
In spite of its achievements so far, QFD does not sufficiently link engineering to marketing and 
marketing science. In order to overcome this and other deficiencies of the traditional QFD method, 
Schmidt t 1997) develops the process model of "Integrated Concept Development" (ICoDe). It is 
proposed to fill the gap between marketing and engineering by consequently relating market 
orientated concept development and testing the HOQ concept of QFD. Unfortunately this process is 
described by referring to a simulated application, but his attempt is worth mentioning. 

He emphasis that the first HOQ translates customer needs into design characteristics of the product. 
These design characteristics are then transferred into performance characteristics of product 
features IDy the second HOQ. He described this translation in 23 stages in which he tried to create a 
universal approach of concept development by: 

Lihking it to marketing science methods that are applicable in the early phases of concept development 
a~d testing 
Explicitly taking customer needs related to product features op parts of the product into account 
Supporting the crucial step of target value definition for design characteristics 
Directly addressing the evaluation and selection of product innovations in terms of new constructional 
product and feature concept 
Improving the selection of constructional product and feature concepts 
Reducing the complexity of the traditional second HOQ. 

-28-



The method sounds very logical and useful for taking expectations into consideration, but has not 
been applied to a 'real world' example and development process. As a conclusion the author reports 
that the ICoDe process leads to high involvements of work. This may cause motivation problems, 
even compared to traditional QFD. This method does not solve all problems related to product 
concept development. Nevertheless it contributes to the guidance of a project team in simultaneous 
engineering . 

7.4.2 FMEA 
Failure Mode and Effect Analysis, usually referred to by the acronym FMEA, is a technique for 
enumerating the possible failures modes by which components may fail and for tracing through the 
characte1istics and consequences of each mode of failure on the system as a whole {Lewis, 1996). 
The emphasis is usually on the basic physical phenomena that can cause a device or component to 
fail. The~efore, it often serves as a suitable starting point for enumerating and understanding the 
failure mechanisms before proceeding to one of the other techniques for safety analysis. The 
method is primarily qualitative in nature, although some estimates of failure probabilities are often 
included. 

Equipment Function 
name 

Failure 
mode 

Figure 7.14: Standard FMEA worksheet 

Failure Failure Failure 
causes effects detection 

Failure 
probability 

Criticality 

The FMEA procedure consists of a standard worksheet as shown in figure 7.14 but product design 
does not !only consist of steps aimed at designing a product in a way so that in will not fail. It also 
entails identifying possible ways in which the product will fail and what the consequences of such a 
failure would be. The FMEA technique identifies potential product-related failure modes, the 
potential effects of those failures on customers, the potential manufacturing or assembly causes, 
methodologies to reduce the occurrence frequency of these failures and current available detection 
methods to identify these failure modes (Lewis, 1996). 

This prioritisation can serve as a guideline for corrective action if needed. Therefore FMEA is a 
systematic method of identifying potential problems, prioritising these problems and acting upon 
them. Research has pointed out that less than half of the reported product problems can be 
attributed to component or apparatus failure {Lu, 2002) and this number is decreasing even further 
(Brombacher et al., 2003). 

Important to keep in mind is that according to Lu (2002) FMEA is not able to predict relevant 
reliability problems using uncertain information. In short, FMEA was not able to differentiate 
uncertain information from certain information and therefore was not able to use the right 
information properly. As a result, unpredicted reliability problems appeared. Probably FMEA will not 
be suitable for high-innovative products where expectations and uncertainty exert influences on the 
design. 

Besides the basic theory of FMEA in literature different alternatives are found to improve FMEA 
concerning dealing with customer-focus. The alternatives are: 

□ An improved FMEA methodology 
I 

An improved FMEA methodology is introduced by Zaitri (1995). This method is improved to be used 
on a corrlputer and easier to understand by the user by re-define terms in FMEA separately. 
Important in this assignment, for example, is severity ranking: the severity of a failure can only be 
assessed in terms of potential consequences of the failure on the people who use or manufacture 
the system in the context of the environment in which the system operates. The severity ranking 
should indicate the worst cases scenario and remains the same regardless of associated causes of 
failure. 

One of the five major advantages of the proposed new approach is that a customer complaint can 
be traced down to component level. This could be useful in customer usability tests for high
innovative products, provided that the realisation of the product is almost finished and the 
components are defined. 
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□ FMEA worksheets 

An investigation, done by Onodera (1997), revealed that the FMEA technique is useful in virtually 
every stage of the modern industrial process. The continuous application of the FMEA process over 
the lifecycle of a project is ensured by the preparation of the individual FMEA worksheets for each 
stage. Also a worksheet at the design and development stages is developed. If you compare the 
standard worksheet (figure 7.15) with the worksheet for design and development (figure 7.16) you 
see the following characteristics: (Numbers in circles correspond to the column numbers in the 
standard FMEA worksheet) 

(I) ~ @ Work ® (§) Effects on @ ® lle-eval uatlon 
stages related systems of cr it ica l i ty 

Figure 7.15: Standard FMEA worksheet 

a. Example of "work stages" would be manufacturing, assembling, inspection, transportation to site and 
construction. Failure modes would be extracted for each work stage. 

b. "Effects on related systems" are especially important in large endeavours such as the power generating 
plant and telecommunication industries. 

c. "Criticality' rather than RPN is the focus in this application . Criticality is the product of "probability of 
occurrence of fa ilure mode" and "failure effects". 

d. "Re-evaluation of criticality" is conducted after the application of countermeasures. 

(JJ @ (~ @) @ @ (J) ® ® 
!Equipment Funct ion Fa i lure Fa 1 lure Fa i lure effects Fat lure Failure Cri t 1cal i ty Remarks 
name I mode causes Loca l End detect ion probab i I i ty level (Counter-

effects effects measures) 

Figure 7.16: FMEA worksheet at the Design and Development Stages 

Nice to see is the attempt to introduce inspection and to pay more attention to criticality than to the 
calculation factor RPN in the development phase. Probably something like 'expectation fulfilment' 
should be introduced to check the critical expectation requirements. 

□ RQM 
The reliability and Quality Matrix is developed by Lu (2002) and with this method it is possible to 
classify uncertainty when predicting potential reliabil ity problems, to prioritise uncertainty 
improvement activities, to manage uncertainty and to enable product reliabil ity improvements 
based on certain information. 

Steps to develop the RQM are shown in figure 
7 .17 . Both RQM and QFD are based on the Kano 
three-arrow model. In fact, QFD and RQM have a 
lot in common. QFD tends to bridge the gap 
between customer requirements and technical 
specificatilons. RQM tends to manage potential 
reliability problems that may not satisfy the 
prioritised customer requirements including the 
aspects of uncertainty. 

Step number 
I 
2 
3 

4 

5 
(, 

7 

Description 
Prioritize customer requirements 
Cus10111cr trade-off analysis 
Derive required processes & parts 
Identify correlation between customer 
requirements and the processes & parts 
I dcnti fy risks in processes & parts 
Identify uncerta inties in processes & parts 
/\nalvsis & ·'What Ncx1•1·• 

Figure 7 .17: Steps taken to develop RQM 

In terms of functionality, RQM and FMEA are very close to each other. They both can be applied to 
identify pbtential reliability problems in a systematic manner. Under the same circumstance, FMEA 
immediat~ly tries to reduce the probability of occurrence without considering the uncertainty 
involved in the prediction. By using RQM, uncertainty reduction related development activities are 
prioritised in current PCP. Clearly, RQM is not ready yet to be applied for the development of highly 
innovative products, but the focus on uncertainty is very interesting in this assignment. 

D QFD & FMEA - BIR 

BIR stands for Build-in Reliability and this term is used by Tan (2003) and she makes a combination 
of FMEA with QFD to set customer requirement with a customer-focus. The construction of FMEA is 
based on product knowledge, engineering expertise and intuition rather than mathematical models. 
No customer voices are included and the prioritisation of the corrective activities is based on the 

-30-



manufacturer's point of view. This way the method is ineffective to look for customer requirements. 
Thereforr she integrated QFD in FMEA to make FMEA customer orientated. This concept is not new. 
More combinations are made in the past. 

Gathering information is done by surveys and is put in an affinity diagram (also used in QFD, 
Bossert (1991)). With the clear visual aid of the affinity diagram a further survey was conducted to 
gather the relative importance of each customer need based on the results of the affinity diagram. 
The next step is the assignment of relative weights to the Voices of the Customers (VOC). A widely 
used method is Analytical hierarchy process (AHP) to rank the customer needs. In her work, in 
order to asses the relative importance of the elements on each level, the customers are asked to 
compare the elements pair-wise, and to estimate the relative importance or preference. 
Unfortunr tely, no focus on reliability or certainty of expectations is included. 

Now tha the customers' needs are identified and prioritised, the next step is to develop a list of the 
technical requirements that will satisfy these customers' needs. One also needs to evaluate the 
impact of each technical requirement and prioritising these impacts, so that attention can be given 
to those requirements that have significant impacts. Therefore the HOQ or roof matrix is used, 
which is also mentioned in the section of QFD. Besides the technical 'hard' specs it is desirable that 
the HOQ also deals with the 'soft' specs. This aspect is still missing. 

The conventional list of FMEA in which engineers brainstorm about the possible failures will be 
combined with the HOQ matrix of QFD. This combination is useful, but still problems such as: 
dealing Jith uncertainty of input information, and the integration of soft specs which belong to the 
development of high-innovative products is still missing and therefore these methods are not 
suitable. 

Various industries and authors develop various initiatives of new reliability prediction tools and 
standards like ICoDe, RQM, and BIR, but most of them only focus on technical hard reliability 
problems on micro level instead of macro level (Ganesh, 2004). Macro level is more the user
friendliness and means ease of operation, reliability of results in the initial use and repeatedly 
thereafter. Newly published prediction standards or criteria are sometimes more a wish list than a 
to-do-list when dealing with customer use related soft failures. They do not specify how customer 
use related information could be collected and further integrated in reliability prediction. In 
conclusior, no standards are available to quantify and model product and component reliability if 
they are used within their technical specifications but out of customer expectation. 
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Appendix 8 

Case Study Review 
In this appendix some background information is given about the chapter of theory testing in this 
thesis. The framework will be validated by a case study that is going to be selected out of five 
alternatives. All the background information about the final selected case study is given here. 

8.1 Case Selection 

I Case Description Table 

Dataset Description 

1. CD writer A portable CD writer must be connected to the PC or laptop via a USB 1.1 or fire wire. As 
test objects, products from early production runs have been used. This was rather late in the 
development process. The goal of research was pure measurement of the functionality of the 
installation . As result, the main problem found could all be addressed to the ease of 
operation (Spronken, 2002). 

2. Improved CD writer The successor of the portable CD writer, which speed can go up to 24X via USB 2.0. The test 
is prepared in a specially prepared test location . The participants are closely observed (even 
digital camera 's have been used) and the goal of research was to check if identified problems 
are reliability problems. The case results were just 9 failures in total (Spronken, 2002) . 

3. Internal DVD writer The test object was a new innovative internal DVD writer in which a HCCT test is carried out 
according to the article of Baskoro et al. ( 2003) in which success factors of the HCCT are 

I 
Speed and Quality . Unfortunately, participants were not allowed to ask questions but acted 
according to the 'Think aloud ' protocol. The test identified many first usage installation 
problems. The installation of the application so~ware was in particular problematic . 

4. CD-R 800 Because of the lack of quality-related feedback, a field-test has been implemented for the 
CD-R 800 that has three main functions: playback audio CDs, playback MP3 files, and 
recording on CD-R(W) discs. A lot of test participants were handed over a CD-R 800, going 
along with the request to use the devise as a ' normal customer' would do. These participants 
were asked to report eventual complaints, irritations or singularities directly to the 
development department over e-mail. Students have been educated to observe the users 
and to help them if necessary (Heynen, 2003; Petkova and Sander, 2003). 

5. Portable drive It can be used as CD writer and reader, DVD-player and it is able to read MP3. Moreover, the 

I product is compatible with an USB card Installed PC and a television with a video connection. 
The integration of different product functions in a portable product is the new innovative 
aspect of the product. Although prototype was not according to technical specifications, it is 
made in such a way that it is possible to perform the required test tasks (Beekmans, 2003). 
The test task was to identify class 1 failures of the roller coaster curve as indicated in the 
research area of QRE. 

Table 8.1: Case descriptions of five alternatives 

As the CD-R 800 is chosen as the best alternative for the case study to validate the SRT framework, 
it is necessary to understand why this test is done in the first place. Heynen (2003) tested the 
feedback 

1
data of the CD-R 800 on the following criteria and measurements: 

Speed: The speed of feedback has two aspects: 1. The ability to use the gained knowledge for product 
quality improvement of the current product 2. The ability to use the gained knowledge in the product 
qual

1
ity improvement of future products. Because the life cycle of audio products is shortening, the 

feedback has to come in fast. 

Quantity: Only if enough feedback comes in it can be decided if a failure is epidemic, or that the failure is 
a •cbincidence'. Quality: Can root-causes be found based on the incoming quality related feedback from 
customers? Is the feedback not too vague to give insight into the failures? 

Possibility to trace: A customer reports an, at first sight, interesting failure, which is unclear to the 
development department. In that case, the development department needs to have the possibility to 
trac~ the customer, the problematic device itself and, for example, the non-playable audio CDs or MP3 
files for gathering extra information . 
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8.2 Failure Classification 
The failure classification shall be done on the basis of the definitions that are established 
in the l tended classification in section 3.3.1 of the final report. 

8.2.1 Soft Failure classification 

~II hard and soft failures found during test Reproducibility Specification Revision* 

1. Slow readinq MP3 
Constantly Meet 

2. Hanq-up while playinq MP3 
Repeatedly Meet 

3. How to install / operate the CD-R 800 
Repeatedly Meet 

4. Play order MP3 (not alphabetic) 
Constantly Meet 

5. Shuffle MP3 
Repeatedly Meet 

6. Fiast counter MP3 
Constantly Meet 

7. Not olayina some MP3 files 
Constantly Meet 

8. ~ot olavina CD 
Constantly Meet 

9. Ease of ooeration MP3 
Constantly Meet 

10. Qan't olav and coov 'coov orotected' CDs 
Constantly Meet 

11. Stoo olavina durina olav CODA and shuffle 
Repeatedly Not meet Hard failure 

12. General Hana-uo 
Repeatedly Not meet Hard failure 

13. Only lx speed COPY from COPY 
Constantly Meet 

14. 
J Copy from AUX as 1 track from record player 

Constantly Meet 

15. J CD tray recorder does not open 
Repeatedly Meet 

16. Previous title in display MP3 
Constantly Meet 

17. Shift between albums MP3 
Constantly Meet 

18. Hang-up during copy 
One-shot Not meet Meet 

19. doesn't recoanize and can not copy on non audio CDR 
Constantly Meet 

20. Made 1 copy from AUX recorded mono not stereo 
One-shot Not meet Meet 

21. Device went on itself on oause durina recordino 
One-shot Not meet Meet 

22. Remote control doesn't function 
One-shot Not meet Meet 

23. External damaqe (volume button broke of) 
One-shot Not meet Meet** 

24. A-b edit works clumsy 
Constantly Meet 

25. Shuffle order plays first CDDA then MP3 
Constantly Meet 

26. Chanaer makes noise 
One-shot Not meet Meet 

27. Finalize device did not finalize the CD 
One-shot Not meet Meet 

28. Stand by mode doesn't function correct 
One-shot Not meet Meet 

29. CD got lost (transported device vertical) 
Repeatedly Meet 

30. Changer doesn't play some CD's; CDs are not COP't Constantly Not meet Hard failure 
protected. (not finalized disc in display) 

Table 8.2: All failures found in CD-R 800 test 

In conclusion, after revision only 3 real hard failures are found in the test. The remaining 27 soft 
failures, especially the one-shot failures, should be examined very carefully in the next proceedings. 

*) After revision it's very plausible that the one-shot failures that are found in the CD-R 800 test and are 
classified as 'not meet specifications' are misunderstandings or misuse of the user, since the number of test 
participants is so high. 

**) Normally this kind of failure only happens in the field, but through the good simulation layout this failure is 
detected during testing. 
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8.2.2 Soft Failure classification 

IIAII impli<r:it and explicit failures found during test Implicit Soft/ 

Reproducibility Specification Explicit Soft 

1. Slow readina MP3 
Constantly Meet Explicit 

2. Hana-up while playina MP3 
Repeatedly Meet Explicit 

3. How to install / operate the CD-R 800 
Repeatedly Meet Explicit 

4. P,lay order MP3 (not alphabetic) 
Constantly Meet Explicit 

5. Shuffle MP3 
Repeatedly Meet Explicit 

6. Fast counter MP3 
Constantly Meet Explicit 

7. Not playina some MP3 files 
Constantly Meet Explicit 

8. Not playinq CD 
Constantly Meet Explicit 

9. Ease of operation MP3 
Constantly Meet Explicit 

10. Can't play and copy 'coov orotected' CDs 
Constantly Meet Implicit* 

11 . Only lx speed copy from conv 
Constantly Meet Implicit** 

12. Cooy from AUX as 1 track from record olaYer 
Constantly Meet Explicit 

13. CD tray recorder does not ooen 
Repeatedly Meet Explicit 

14. Previous title in displaY MP3 
Constantly Meet Explicit 

15. Shift between albums MP3 
Constantly Meet Explicit 

16. Hana-up durina cooy 
One-shot Meet Explicit 

17. Doesn't recoanise and can not conv on non audio CD-R 
Constantly Meet Implicit*** 

18. Made 1 copy from AUX was recorded mono not stereo 
One-shot Meet Explicit 

19. Device went on itself on pause durina recordina 
One-shot Meet Explicit 

20. Remote control doesn't function 
One-shot Meet Explicit 

21. External damaae (volume button broke of) 
One-shot Meet Explicit 

22. A,-b edit works clumsy 
Constantly Meet Explicit 

23. Shuffle order plays first CDDA then MP3 
Constantly Meet Explicit 

24. Chanaer makes noise 
One-shot Meet Explicit 

25. Finalize device did not finalize the CD 
One-shot Meet Explicit 

26. Stand by mode doesn't function correct 
One-shot Meet Explicit 

27. CD qot lost (transported device vertical) 
Repeatedly Meet Explicit 

Table 8.3: Classification table for implicit and explicit soft failures 

In conclusion, after classification only 3 real implicit soft failures are found in the test. The 
remaininG 24 explicit soft failures should be examined very carefully in the proceeding of the SRT 
framework to let flow away the explicit soft failures that are easy to handle. 

*) This failure is not the responsibility of the development team. The words 'copy protected CDs' is not 
retrievable' in the specifications list. The management should first consider this problem before further 
adjustments are made. Finally in real practice, this problem is solved after management gives the development 
team a go. 

**) This is not a real failure, because only lx speed copy from copy was deliberately programmed in the 
software. It is up to the management to decide to nullify this requirement after the interpretation of the 
customer complaint. Also here, the development team is not responsible for this failure. 

***) Only audio CD-R(W) discs can be used for recording and not the data CD-R(W) disc. This is also a decision 
made by management. Audio CD-R(W) discs are more expensive, because a part of the selling are copyrights. 
According to management this money goes to the record labels for missing proceeds by illegal copying of CDs. 
The management chooses an ethical sound strategy, but the customer is not happy with it. 
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8.2.3 Explicit Soft Failure classification 

All implicit hard failures and explicit soft failures ' found 
Implicit Hard/ 

during test Reproducibility Specification Explicit Soft' 

1. Slow readinq MP3 
Constantly Meet Explicit Soft' 

2. 
I 
Hanq-up while playinq MP3 

Repeatedly Meet Explicit Soft' 

3. How to install / operate the CD-R 800 
Repeatedly Meet Explicit Soft' 

Play order MP3 (not alphabetic) 
Constantly Meet Implicit Hard* 

4. 

5. Shuffle MP3 
Repeatedly Meet Explicit Soft' 

6. Fast counter MP3 
Constantly Meet Implicit Hard* 

Not olavino some MP3 files 
Constantly Meet Explicit Soft' 

7. 

~ot olavino CD 
Constantly Meet Explicit Soft' 

8. 

9. Ease of ooeration MP3 
Constantly Meet Explicit Soft' 

10. Coov from AUX as 1 track from record plaver 
Constantly Meet Explicit Soft' 

11 . CD tray recorder does not ooen 
Repeatedly Meet Implicit Hard** 

12. Previous title in display MP3 
Constantly Meet Explicit Soft ' 

13. Shift between albums MP3 
Constantly Meet Explicit Soft' 

14. Hanq-up durinq copy 
One-shot Meet Explicit Soft' 

Made 1 coov from AUX, recorded mono, not stereo 
One-shot Meet Implicit Hard* 

15. 

16. Device went on itself on pause durinq recording 
One-shot Meet Explicit Soft' 

One-shot Meet Implicit Hard** 
17. Remote control doesn 't function 

I One-shot Meet Implicit Hard*** 
18. External damaae (volume button broke of) 

19. A-b edit works clumsv 
Constantly Meet Explicit Soft' 

Shuffle order olavs fi rst CODA then MP3 
Constantly Meet Explicit Soft' 

20. 

21. Chanoer makes noise 
One-shot Meet Explicit Soft' 

22. 
I 

Finalize device did not finalize the CD 
One-shot Meet Explicit Soft' 

23 . Stand by mode doesn't function correct 
One-shot Meet Explicit Soft' 

CD qot lost (transported device vertical) 
Repeatedly Meet Explicit Soft' 

24. 
Table 8.4 : Classification of explicit soft failures 

In conclusion, 6 implicit hard failures are detected by the engineers. In practise they have easily 
improved and/or solved all these failures; 3 of the failures are software related and were easily to 
rewrite, 2 failures are hardware related and are purchased at an external company, and 1 failure is 
external damage and therefore the packaging or 
the ( external) store process should be adopted. Explicit Soft Failures' ■ MP 3 fa ilure s 

* ) Software related : easy to rewrite in the software 

** ) Hardware related: purchase product, and the 
responsibdity is at the external company 

*** ) External related: not well fitted packaging or store 
process 

The failures found can be categorised in problem 
categories like MP3 failures, Copy failures, 
Installatidn failures, and others (see figure 8.1). 
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□ Copy fa ilures 

□ How t o 
insta ll/o pe rate 

□ S huffl e order 

□ A-b e dit 

□ Ch_a nge r makes 
noise 

□ Standb y mode 

■ CD got lost 

■ Not fi na lize CD 

Figure 8.1: Classification of all explicit soft 
failures ' 



See for the completion of the explicit soft failure categories table 8.4 below. 

MP3 Total INSTALLATION 
Slow reading 11 How to install / operate 
Hangup 7 Total 
Shuffle 4 
Not playing 3 Other Total 
Ease of operation 3 
Previous title in display 1 
Shift between albums 1 

A-b edit works clumsy 
Shuffle order, plays first CODA then 
MP3 

Total 30 Changer makes noise 
Finalize, device did not finalize the CD 

COPY Stand by mode doesn't function correct 

Copy as 1 track 2 
Hang u~ 1 
Non audio CDR 1 

CD got lost (transported device 
vertical) 

Total 

Pause d,urinq recordinq 1 

Total 5 
Table 8.4 : Completion of MP3 and copy failures 

8.3 Relative Importance 
There are four groups of test persons that use certain main functionalities for a different amount of 
time, and will or will not respond after or during the test at home. All aspects have influence on the 
decision that has to be made at the relative importance diamond in the SRT framework. Finally, the 
real results in practise are showed for comparison. 

8.3.1 Test participants selection 
The test participants are divided in four groups: 

Three control-groups: 

25 non-technical students aged under 25 

25 technical students aged under 25 

25 technical scientific employees, aged over 
40 

And the group of target customers for CDR 800 
(according to Philips): 

25 non-technical scientific employees, aged 
over 40 

Reasons for taking test participants from the 
Eindhoven University of Technology to fulfil the 
segmentation in the four groups as showed in 
figure 8.2 were: 

Old & Non- Young & Non-
technical technical 

l Old & Young & 
Technical Technical 

Figure 8.2: Division of test persons by age and 
technical background 

At the university can test participants be found, who are near to, the according to Philips target, 
group of the CDR800. 

Easy communication, everyone has email from the university. 

Easy distribution and collecting, also for software updates, all test participants can come easily to the 
university, because they work or study there. 

- 'Controlled' group. The persons are known, address data is available in case of fraud. 

The expli ~it soft failures' that are found during the test are categorised in: Young and Old, Technical 
and Non-technical, and all four groups separated as showed in figure 8.2. This categorisation is 
showed in table 8.5 and indicates that: 

Older people report more explicit soft failures' than young people 

Technical people report more explicit soft failures' than non-technical people 

Old with technical knowledge (OT) is the best target group with most explicit soft failures' found 
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All explicit soft Young (Y) and Technical (T) and All 4 segmented groups 
failures' found Old (0) Non-technical (N) 
during test 

I y 0 T N YT YN OT ON 

Slow reading MP3 X X X X X X X 

Hang-up Y'hile 
playing MP3 

X X X X X X 

How to install / 
operate 1 

X X X X X X X 

Shuffle MP3 X X X X X 

Not playing some X X X X X 
MP3 files 

Not playing CD X X X 

Ease of operation X X X 
MP3 

Copy frorry AUX as X X X 
1 track from 
record player 

Previous title in X X X 
display MP3 

Shift between X X X 
albums MP3 

Hang-up during X X X 
copy (1) 

Device went on X X X 
pause during 
recording (1) 

A-b edit works X X X 
clumsy 

Shuffle order, X X X 
plays first CDDA 
then MP3 

Changer makes X X X 
noise (1) 

Finalize, device X X X 
did not finalize the 
CD (1) 

I 
Stand by mode X X X 
doesn't function 
correct (1) 

CD got lost X X X 
(transported 
device vertical) 

Total 9 13 12 10 4 6 10 5 

Table 8.5: Explicit Soft Failures per group 

RemarkalDle is the fact that only the OT group complains about the ease of operation of the MP3 in 
general. This also concludes that they have the best observation capability to report soft failures 

I 
(1) means that the explicit soft failure' is a one-shot 
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8.3.2 Frequency by Black Box 
The test participants can be divided into two groups. One group with test participants who did 
report failures and a second group with test participants who did not report any failures. (See for 
possible reasons of non-reporting table 4.2). From each group is measured how long they played 
audio CDs, how long they played MP3 files and how many CDs they copied on their CD-R 800. The 
data is dathered via a black box and a questionnaire. In the next figures is for each functionality a 
box-plot made. In each figure the left box-plot is from the group who did report failures, de right 
box-plot is from the group who did not report any failures. 

Reporting participants Non reporting participants 

Box-and-Whisker Plot Box-and-Whisker Plot 

CD □ □□ 

0 100 200 300 400 0 100 200 300 400 

hours play audio CD hours play audio CD 

Figure 8.2: Box-plot hours play audio CD 

Box-and-Whisker Plot Box-and-Whisker Plot 

□ □ □□ 

0 50 100 150 200 250 300 0 50 100 150 200 250 300 

hours play MP3 files hours play MP3 files 

Figure 8.3: Box-plot hours play MP3 files 

Box-and-Whisker Plot Box-and-Whisker Plot 

□ □ □ 

0 10 20 30 40 50 0 10 20 30 40 50 

number of copied audio CDs number of copied audio CDs 

Figure 8.J Box-plot number of copied CDs 
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In figures 8.2, 8.3, and 8.4 is indicated in box-plots that the only significant difference in usage of 
the CD-R 800 between reporting and non-reporting test participants is the usage of the MP3 
functionality. Reporting test participants used the MP3 functionality far more than non-reporting 
participants. More then 50% of the reported failures dealt with MP3 problems (Heynen, 2003). One 
can only report a failure with functionality if he or she did use the functionality. This means that if 
the development team expects more failures with a particular functionality from a product, the 
development team has to select test participants who use this particular functionality more often 
then the 'average' customer. 

Here is ahosen for box plots because they are very useful in graphical comparison among data sets, 
because I they have high visual impact and are easy to understand. It displays the three quartiles, 
the minimum, and the maximum of the data on a rectangular box, aligned either horizontally or 
vertically (Montgomery and Runger, 1999). 

8.3.3 Reporting non failures 
Several yveeks after the test the participants that have not found any failure are approached . They 
are asked to fill in a questionnaire why they didn't report any failures. The results are showed in 
table 8.6. 

Reason for not reporting any failures number percent 

1. Test participants who didn't use their device. 1 2% 

2. Test participants who used their device, but did not encounter any failures. 26 50% 

3. Test participants who encountered failures, but thought these failures were 9 17 % 
1ot relevant enough to report. 

4. Test participants who did not report failures, because they thought that other 4 8% 
participants reported the failure already. 

5. Test participants who encountered failures, the failure was relevant in their 1 2% 
opinion but it was too much trouble to report the failure . 

6. Other reasons . 11 21 % 

Table 8.6: Reasons for not reporting failures asked in questionnaire (52 respondents) 

Especially reasons 3,4, and 5 should be a trigger for action at the test engineers. They should 
create awareness among the test participants about the importance of reporting soft failures . As 
test part;cipants you are going to help at the development of high innovative products and must 
report failures. Engineers should prevent that participants give reasons like: 

failure not relevant enough 

others have probably reported the failure already 

reporting a failure is too much trouble 

The questionnaire gives evidence that it should be possible for the development team to have 27% 
more reporting participants if they make the participants aware of the importance of reporting. 
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8.3.4 Relative Importance in Real Practise 
Importance of failures according to Engineers 

All explicit soft failures' found during test Reproducibility 

1. Slow reading MP3 
Constantly 

2. Hana-uo while olavina MP3 
Repeatedly 

3. How to install / operate the CD-R 800 
Repeatedly 

4. Shuffle MP3 
Repeatedly 

5. Not olaying some MP3 files 
Constantly 

6. Not olavina CD 
Constantly 

7. Ease of ooeration MP3 
Constantly 

8. Coov from AUX as 1 track from record olaver 
Constantly 

9 . Previous title in disolav MP3 
Constantly 

10. Shift between albums MP3 
Constantly 

11. Hana-uo durina coov 
One-shot 

12. Device went on itself on oause durina recordina 
One-shot 

13. A-b edit works clumsy 
Constantly 

14. Shuffle order plays first CDDA then MP3 
Constantly 

15. Chanaer makes noise 
One-shot 

16. Finalize device did not finalize the CD 
One-shot 

17. Stand by mode doesn't function correct 
One-shot 

18. CD got lost (transported device vertical) 
Repeatedly 

Table 8. 7: All explicit soft failures ' 

Importance 

(Heynen, 2003) 

3 

3 

1 

2 

3 

3 

2 

1 

2 

2 

3 

2 

1 

1 

2 

2 

1 

1 

Importi nce (classification made by Heynen (2003) for the purpose of his research) 

1. Irrelevant failure 
2. Moderately relevant failure 
3. Highly relevant failure 

(Judged by the head of the product quality department) 

Improved/Solved (results gained in practise and stated by Heynen (2003)) 

1. The failure is solved for 100% 
2. The failure is improved, not totally solved, and will not be improved anymore 
3. The failure is not improved, not solved, and will not be improved anymore 
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Improved/solved 
in practise 

1 

2 

2 

2 

2 

2 

3 

2 

2 

3 

2 

2 

3 

3 

2 

2 

2 

3 
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