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Abstract 

This is an explorative research, consisting of a survey and a case study, in other 
industries than the consumer electronics industry, aiming at two points. Firstly, it is 
aimed at finding a way to focus further research regarding the handing of failures in 
other industries. Secondly, improvement opportunities are identified for methods that 
identify, solve and prevent soft failures in the consumer electronics industry. 
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Summary 

Currently, four market trends in product development can be identified: 
Increasing product complexity 
Longer warranty periods 
Outsourcing and globalization/segmentation of business processes 
The impact of "time to market" 

These market trends lead to problems with product quality feedback. The product 
quality feedback is slow, and the quality of the feedback is low. Therefore, methods 
are sought in industries, other than the consumer electronics, to improve the speed 
and the quality. 

Since other industries are a new research area for the sub-department of ORE, 
central aim of the first part of the research is to find a way to focus further research 
regarding the handing of failures in other industries. 

In order to do this, the first part of the research tries to identify the industries in which 
soft failures are recognized (research question 1.1) . Together with this , a relationship 
between industry characteristics and the appearance of soft failures is sought by 
researching a number of industry characteristics (research question 1.3). This is 
done to try to predict the appearance of soft failures in industries, so future research 
can be better focused. 
Furthermore, the first part of the research tries to identify how companies handle 
failures (which level of attention is given to failures) (research question 1.2). This is 
done to be able to focus the second part of the research. This second part tries to 
identify improvement opportunities for methods from the consumer electronics 
industry, by comparing the methods from another industry with those from the 
consumer electronics industry . 

This leads to the following research questions: 

Research Part 1 
1. 1. Are soft failures being recognized in other industries than the consumer 

electronics industry? 
1. 2. How are failures handled (Which level of attention is given to failures) in 

other industries? (Measured per company by the MIR method) 
1. 3. Can a relationship between certain industry characteristics and the 

appearance of soft failures be identified? 

For this part of the research , a survey is set-up. This survey has been sent to 95 
companies from 19 different industries and it has been returned by 15 companies 
from 9 different industries. 
In this survey , questions are asked regarding the way that companies handle failures. 
These questions are based on the MIR method; a method that is able to make a 
distinction between very passive handling of failures and very pro-active handling of 
failures, with different levels in between. Furthermore, three industry characteristics 
are taken up in the survey, to identify if a relationship exists between these industry 
characteristics and the appearance of soft failures . These characteristics are: 

1. Innovativeness (measured by introduced new-to-the-market innovations and 
incremental innovations per year) 

2. Production type (either mass production or customized production or both) 
3. Business process (either High tech, fast innovation products; consumer 

goods or professional (production) systems) 

Summary iii 
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Ideally, this would lead to the possibility to select the most interesting companies 
regarding the handling of soft failures by looking at their characteristics only. 

From the results of the survey, it can be concluded that in all 15 companies that have 
filled in the survey, soft failures are recognized. However, this conclusion cannot be 
generalized for the industries (from which these companies come). This is because 
the number of companies participating in the research is too low for generalization of 
the results. 

As already said, the MIR method is used as a basis for measuring the way in which 
failures are handled. The outcomes of the first part of the research regarding the 
handling of failures are used for the focus of the second part of the research. 

With the results from the survey, no relationship between the industry characteristics 
that are taken up in the survey and the appearance of soft failures can be identified. 
It is important to mention that this is not because there is no relation, but because of 
the fact that all companies that filled in the questionnaire recognized soft failures. 

However, the survey could still be used to select companies, although it has to be 
said that the selection can only be based on the following presumed relationships 
between the industry characteristics and the appearance of soft failures: 

1. A higher level of innovativeness will lead to more soft failures (see paragraph 
3.2.2) 

2. Standard products will lead to more soft failures than customized products 
(see paragraph 3.2.3) 

3. Type A (high tech, fast innovation products) or type B (consumer products) 
Business process will lead to more soft failures than type C (professional 
systems) business processes (see paragraph 3.2.4) 

Another way of selecting companies would be to select companies that best 
resemble the consumer electronics industry. Although the level of innovativeness is 
hard to measure, it can be said that the consumer electronics industry: 

1. Produces standard products 
2. Has a type B business process 

Regarding the external validity of the research , for the three characteristics, the 
following can be said: 

1. Innovativeness: because of a lack of reference, there is no indication on how 
innovative a company is. 

2. Production type: the "representatives" of the three different categories of 
production type are all present among the companies that filled in the survey. 

3. Business process: although the "representatives" of the three different 
categories (A, B and C) of business process are also all present among the 
companies that filled in the survey, it should be mentioned that the external 
validity is negatively influenced by the fact that 12 (!) companies of category 
B, and only 1 company of category A and 2 companies of category C 
participated in the research . 

It should be mentioned that a number of researched characteristics is only usable on 
company level, and cannot be used on the level of a total industry. However the goal 
is to be able to focus further research. The focus being on companies rather than 
industries with certain characteristics does not have to present a problem. 

Abstract iv 
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The second part of the research will focus on methods to identify, solve and prevent 
(soft) failures in other industries. 

By using a case study of one company (company D) , it is tried to create a view on 
different methods that are available there. Furthermore, methods from the consumer 
electronics industry that are currently used are identified using information from the 
field . Ultimately, this would lead to a comparison and suggestions for improvement of 
the methods in the consumer electronics industry. This has lead to the following 
research questions for the second research part: 

Research Part 2 
2. 1. What methods are used in the selected companies to identify, solve and 

prevent (soft) failures 
2. 2. What methods are used in the consumer electronics industry to identify, 

solve and prevent (soft) failures? 
2. 3. How can the methods from other industries help to improve the methods 

used in the consumer electronics industry? 

After the identification of methods from the consumer electronics industry and from 
company D (other industry), they are analyzed on a number of points, in order to 
answer question 2.3. These points include: 

Suitability for the consumer electronics industry 
The suitability for the method regarding appliance in the consumer electronics 
is discussed. 
Effectiveness regarding soft failures 
Ways are identified, in which the method could be able to identify, solve or 
prevent soft failures. 
Novelty for the consumer electronics industry: 
It is researched if a method is already available in the consumer electronics 
industry 
Set-up of the method 
The way, in which the method is set-up will be described , including the way in 
which customers are involved. 
Timing of the method 
The timing of the method in the product creation process will be mapped , 
using the generic product creation process from Ulrich and Eppinger [Ulr00] , 
(see Appendix F: The Product Creation Process) as a reference. 

It should be said that both the effectiveness and the suitability are not judged based 
on criteria (although industry characteristics are taken into account}, but only judged 
using the identification and description of the method, which makes the judgement 
less objective. 

Six different methods have been identified within company D, which are all displayed 
in the first column of table 1. In this table, the methods from the other industry are 
firstly judged if they present a possible improvement opportunity. Methods present a 
possible improvement opportunity if they are: 

Suitable for the consumer electronics industry AND 
Approximated to be effective against soft failures 

After this , it is looked at in which way they present a possible improvement 
opportunity. There are three ways in which this is possible: 

The whole method is new 
The method has a different set-up 
The method has a different timing . 

Abstract v 
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Suitable Effective Available Possible 

Method for CE against in CE 
Different Different improve-

industry soft 
industry 

Set-up timing ment 
failures oooortunity 

A: prevention by 
✓ ✓ X X X ✓ investioation 

B: (embedded) 
✓ ✓ X X X ✓ software solutions 

C: Testing for 
software ✓ X X X X X 
compatibility 
0: testing at the 
customer ✓ ✓ ✓ ✓ X ✓ 
(prototype testing) 
E: failure and 

✓ ✓ X X X ✓ solution database 
F: problem solving X ✓ X X X X by field engineers 
table 1: overview of possible improvement opportunities based on identified methods from 
other industries 

After identifying the improvement opportunities, they are compared with the methods 
already available in the consumer electronics industry, to identify the way in which 
they could provide an improvement opportunity. The four possible improvement 
opportunities are as follows: 

1. A functionality briefing 
A short functionality briefing could be a valuable addition to the methods 
already available in the consumer electronics industry, since this could 
prevent problems regarding discrepancies between expected functionalities 
and available functionalities. 

2. Software updates 
Providing software updates could solve soft problems caused by the 
interaction with the software and/or by a wrong or missing functionality. 
Condition is that software can be changed and/or added and that extra 
functionality and/or different customer-software interaction can be provided by 
software. 

3. Testing with key-users 
Testing products and prototypes is done in the consumer electronics industry 
with people, characterized by the model of Rogers [Rog03], adopted from 
[Uit04] as "early adopters" and "early majority". These involved test-users 
could be replaced by key-users (people that use the product often) (as 
identified in company D) 

4. A database with failures and their solutions 
Since there is no database available for problem solving in the consumer 
electronics market, this could be a valuable addition to the already existing 
methods. 

However, there are a number of limitations regarding these improvement 
opportunities: 

1. It is not completely certain if (parts of) methods from other industries are 
suitable for the consumer electronics industry. 

2. The number of methods identified in the consumer electronics industry is 
limited. 

Abstract vi 
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Recommendations are made, based on the (validity of) the outcomes of the 
research: 
Research questions 1.1 and 1.3 try to identify a relationship between industry 
characteristics and the appearance of soft failures , to find a way in which the most 
interesting companies for further research can be identified on the basis of their 
characteristics. In this way, the effectiveness of further research can be improved. 

Such a relationship could not be identified. However, the presumption is that the 
characteristics have an influence on the appearance of soft failures . Therefore, it 
would be interesting to research the measure (severity) of this influence. Since this 
aims at one of the research goals - to find a "selection tool" with which it would be 
possible to select the most interesting companies - this is the most important 
recommendation from the first part of the research: 

Research a relationship between the severity of the problem of soft failures 
and industry characteristics 

A second recommendation aims at the validity of the research . The first part of the 
research has a very broad scope. This means that a large number of companies from 
diverse industries should participate. In this research , the number of participating 
companies is small , and their diversity is small too. This has a negative influence on 
the validity of the research . To increase the validity of the research , the 
recommendation is to: 

Diversify and increase the participating research population further: get a 
larger number of companies from a larger number of different industries to 
participate. 

The second part of the research in general , and in particular research question 2.3 
focuses on the identification of possible improvement opportunities for methods from 
the consumer electronics market, through the analysis of methods used in other 
industries. However, the limitations on this research make it uncertain to what extent 
the possible improvements identified in this research are real improvements: 

1. It is not completely certain if (parts of) methods from other industries are 
suitable for the consumer electronics industry. 

2. The number of methods identified in the consumer electronics industry is 
limited . 

This uncertainty about the possible improvements should be reduced , which leads to 
the most important recommendations from both parts of the research: 

Research the applicability of (parts of) methods from other industries in the 
consumer electronics industry. 
Make the range of methods from the consumer electronics industry more 
complete. 

Furthermore, one last recommendation is aimed at the range of methods identified in 
the other industry. The methods in the other industry are mainly focused at the back 
end of the PCP, just before or in the after-sales process (see Appendix F: The 
Product Creation Process). To identify methods in a larger range of the PCP, a 
company participating in the research should also incorporate their own 
development. Therefore, the following recommendation is made: 

Focus the research at companies that incorporate their own development 
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1. Introduction 

In this chapter, an introduction to the research area of ORE will be made. 
Furthermore, recent trends in product development will be discussed , as well as the 
impact they have on the feedback process. This leads to the identification of the 
research area in section 1. 4. 

1.1. The Research Area 

The research area at the sub-department of ORE focuses on the struggle of 
companies to find a balance between [Bro05] : 

Performance and technical innovation 
Realizing a product that does what it should do 
Product quality and reliability 
Realizing a product that does not do what it should not do 

This research is divided into two sub-programmes [ORE05] : 
QIP: product Quality in strongly Innovative business Processes 
RAMS: product Reliability, Availability, Maintainability and Safety in stable business 
processes. 

The OIP programme will be discussed in detail, because in this programme lies the 
focus of this paper. The OIP programme is divided into three areas of attention: 

OIP 1: The development of fast feedback systems for use in the design 
process of strongly innovative products. 
OIP 2: The development of dynamic high-resolution analysis systems for the 
root-cause identification of performance, quality and reliability problems. 
OIP 3: The development of design strategies that stimulate early product 
optimization by facilitating iterations with respect to performance, quality and 
reliability early in the design process. 

1.2. Market Trends 

The research is done in the context of OIP 2, and in the context of the following 
market trends in product development [Pet03] : 

Increasing product complexity 
Longer warranty periods 
Outsourcing and globalization/segmentation of business processes 
The impact of "time to market" 

These market trends will be discussed in the next paragraphs. 

1.2.1. Increasing product complexity 

There are four indirect reasons for the increasing product complexity , and one direct 
reason . The direct reason is the increasing functionality, which is needed because of 
the following four reasons [Pet03]: 

1. The customer may demand these functionalities. 
2. Companies introduce new functionalities although there is no indication from 

the customer that they need/want it. 
3. Companies may introduce new functionalities only because of the fact that 

other companies already have the functionality. Not including new 
functionality could mean a loss of customers (and money). 

Chapter 1: Introduction 4 
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4. Prices can be reduced. 

These new functionalities lead to two types of complexity: internal and external 
complexity. 
Internal complexity (complexity caused by the complexity of parts and interactions of 
these parts within the product) makes it almost impossible to predict failure 
mechanisms (through parts interaction), whereas external complexity (complexity 
through the eyes of the customen makes customer - product interaction difficult to 
predict. 

It can be concluded that the number of unexpected failures will rise due to the 
increase of internal as well as external complexity. 

1.2.2. The impact of "time to market" 

In order to make a profit in the consumer electronics market, there is an increasing 
demand for companies to be faster, better and cheaper when introducing a product 
to the market: "it is better for a company to be the first to the market with a good 
product, than the last to the market with the best product" [Luy00]. Another source 
[Sta91] also states the importance of reducing time to market, saying that a slow 
innovator will loose their competitive position to a fast innovator. 
This "need for speed" expresses itself in the product creation processes (PCP's) . 
Where the traditional way of creating a product was in a sequential way, more and 
more companies adopt (a form of) so-called "concurrent engineering". To get a better 
view on the two different processes, they are graphically represented in figure 1. 

Sequential 
PCP ----~----J-+l ... __ __,t-+1 ... __ ____,~----

Concurrent 
Engineering 
PCP 

Time 

figure 1: Sequential approach versus concurrent engineering [Pet03] 

From the picture it can be seen that the sequential PCP is a process in which each 
step follows the other. It is a so-called "phase-gate process" [Pet03]: each phase is 
concluded with a milestone, and only after passing this milestone, a new step in the 
process is begun with. 

The concurrent engineering PCP is a process, in which the second (third, fourth, etc.) 
step already begins when the first (second, third, etc.) step is not yet finished. With 
respect to the sequential PCP, concurrent engineering aims at accelerating the PCP 
by letting succeeding steps in the PCP overlap each other. 
The problem with concurrent engineering however, is that, in order to let different 
steps in the PCP overlap, you should be able to take decisions early on in the 
process (which means that problems should be foreseen far earlier than in a 

Chapter 1: Introduction 5 
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sequential PCP) . This observation leads to two problems, inherent to concurrent 
engineering [Smi98], adopted from [Pet03]: 

Foreseeing problems very early on in the PCP might be unrealistic (especially 
for innovative products). 
Early decisions mean centralized decision-making , with as a consequence 
that more management attention is needed and higher calibre (more 
expensive) people. 

In conclusion , the pressure on "time to market" together with a high level of 
innovation [Luy99] (adapted from [Pet03]) put pressure on the time reserved for 
testing . 

1.2.3. Outsourcing and globalization/segmentation of business 
processes 

The before-mentioned demand for companies to be faster, better and cheaper when 
introducing a product to the market, means that they more and more focus on their 
core business activities, which leads to outsourcing of non-core activities [Pet03] . 
Given the fact that more and more companies are operating on a global scale, this 
outsourcing also leads to a globalization as well as a segmentation of business 
processes. 
When looking at outsourcing in a positive way, it holds the aspects of flexibility and 
less dependency on one supplier in the long run. 
However, there also is a negative side to outsourcing. Suppliers might not be able to 
deliver on time, he might not deliver the right quality, and in the long run , there is a 
loss of knowledge for the producing company . 
All in all , more outsourcing means more communication and more uncertainty in 
processes (because you don't have a direct influence) . These facts , in combination 
with the globalization, means increasing complexity regarding the business 
processes. 

Concluding , it can be said that outsourcing and globalization/segmentation of 
business processes make it harder to control the quality. 

1.2.4. Longer and more extensive warranty periods 

Increased customer demands become visible through the longer warranty periods 
and the introduction of a "no questions asked" policy by companies [Pet03] (products 
are repaired/replaced without the customer having to explain the problem) . These 
trends are predicted to continue in the future (see figure 2 [Ber00]) . 

Produ~ does not have sufficient satisfiers 
.. . I 

Prod uct does no! eet o.,s!omer e:,ipeclJbons 

----4 .. ----------
Customer sia:cs proauct docs not won< 

Product does not comply with the speofica!icns 

Product is riot safe 

~ o.,rren1 

--; fu ture Iii Time 

figure 2: Warranty trends in the field of quality and reliability are towards the more extended 
definitions [Ber00] 
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This last market trend (the longer and more extensive warranty periods) enlarges the 
impact of unexpected product failures, and therefore, the impact of the before 
mentioned market trends. Much attention should therefore be given to the back end 
of the development process. The causes for failures should be identified as fast as 
possible and removed from the product; both high quality and fast feedback should 
be generated. 

In other words: it is essential in the current industry, to create high quality products in 
a short time. It should be mentioned that high quality products in this view are 
products that live up to both product specifications and customer expectations. 

1.3. Product Quality Feedback 

In section 1.2, the developments in the market are mentioned. As a conclusion, it is 
stated, that feedback on the quality of the product (and thus, on the causes for 
failures) should be, due to the enlarged impact of unexpected failures, generated as 
fast as possible. However, two aspects play a role in the feedback process. The first 
one is the quality of the feedback, and the second one is the speed of the feedback. 

1.3.1. Quality of the feedback 

The problem with the current quality of the feedback is that the number of so-called 
"No Fault Found" failures (although the product is according to specifications, these 
are failures where the cause of a complaint cannot be determined [Uit04]) as a 
percentage of the total number of returned products with failures is growing steadily 
(see figure 3). This phenomenon is called "the information gap". Due to the 
information gap, current business processes are Jagging behind in the amount of 
information available on how new products are applied and what causes product 
complaints [Bro05] 
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figure 3: Percentage No Fault Found (NFF) in modern high-volume consumer electronics, 
plotted against time [Bro05] 

More and more problems that are the basis of customer dissatisfaction are failures 
that are not directly related to failures within the specifications. This type of failure (a 
failure of which the cause cannot be determined, because of expectancy 
discrepancies - people expecting something else then is specified) is called a "soft 
failure" (soft failures are opposed to hard failures: failures of a product, due to a fault 
within the product specifications). The share of soft failures in the NFF failures is 
expected to be very high. In the consumer electronics industry, there are at the 
moment no good ways of identifying the soft failures yet. 
A method to identify soft failures should be sought, in order to increase the quality of 
the feedback. 
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1.3.2. Speed of the feedback 

The problem with the speed of the current feedback process is that, whereas the 
development time of products is decreasing , the feedback time (time needed to get 
feedback from customers) is not (see figure 4 [Bro05]). This phenomenon is called 
the "time gap": the "difference between the time that is required to develop a product 
and the time needed to learn about the actual product performance in the field" 
[Bro05]. 
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figure 4:Development time versus feedback time for high-volume consumer electronics 
[Bro05] 

Because of this time gap, it is very important to look for ways to speed up the 
customer feedback process. 

1.4. Conclusion 

Paragraphs 1.3.1 and 1.3.2 indicate that there are two problems with the feedback 
process in the consumer electronics industry: 

The quality of the feedback is too low 
The feedback is too slow 

This will be the main focus of this research, which will be elaborated on in this paper. 

The set-up of this research report is as follows: 

In the next chapter, the research model will be presented, including the 
research questions, the research scope, the research plan and the research 
instruments. 
In chapter 3, the theoretical background of the company survey will be 
presented . 
Chapter 4 will be used to present and discuss the research outcomes 
regarding the company survey and the first part of the research. 
In chapter 5, the outcomes of the second part of the research will be 
discussed 
In chapter 6, the conclusions and recommendations for further research will 
be discussed 
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2. Research Approach 

In this chapter, the different aspects of the research will be discussed. First of all, in 
section 2. 1, based on the information in chapter 1, the cause for this research is 
presented, together with the way in which this has lead to the two research parts and 
their research questions. These research questions are presented in section 2.2 
(research questions for the first part of the research) and 2.3 (research questions for 
the second part of the research) . After this, the scope of research as well as the 
choice for the research instruments will be discussed for both parts of the research. 

2.1. Cause for the Research 

As already said, two problems are caused by the current market trends in the 
consumer electronics [Pet03]: 

The quality of the feedback is too low 
The feedback is too slow 

Therefore, methods should be sought to improve the quality of the feedback, the 
speed of the feedback, or, ultimately, both. Emphasis will be put on the improvement 
of the quality of the feedback, specifically on the identification of soft failures and on 
ways to handle them, since, according to Geudens [Geu04], "Causes of soft reliability 
problems are insufficiently known and not effectively anticipated in many of the 
Product Development Process". 

As the methods in the consumer electronics industry are apparently not sufficiently 
capable of dealing with the two problems, this research will focus on other industries 
than the consumer electronics industry. This research area is a new research area 
for the sub-department of Quality and Reliability Engineering, which makes this 
research an explorative research. 

Because of the novelty of the research area, firstly an analysis will be made of the 
other industries to get a better view on the way these industries handle soft failures. 
This part of the research will therefore have a very broad scope, since its goal is to 
get a good view on as many other industries as possible. The second part of the 
research, in which the goal is to gain insights in methods to deal with failures, will 
focus on one company. This is because of the limited research time available. 

It is tried to obtain information on two subjects, split up into two parts of the research, 
focusing on: 

1. The appearance of soft failures in other industries: To see whether soft 
failures also appear in other industries. 

2. Methods to deal with soft failures: To obtain insights in ways in which these 
soft failures are dealt with. 

2.2. Approach Regarding Research Part 1 

Little is known about soft failures in other industries. It is therefore tried to improve 
the effectiveness of future research by finding a way (creating a "selection tool") to 
identify the most interesting companies from other industries for further research. 
This is the central aim of the first part of the research. Ideally, a way would be found 
to select industries or companies based on their general characteristics. 
This leads to a number of objectives for the first part of the research. 

First of all , the question whether or not soft failures are a recognizable problem in 
other industries should be answered. 
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Furthermore, to focus the second part of this research , a good view on the way in 
which different companies handle failures will be developed . With the way of handling 
failures , the level of attention that is given to failures is meant. 

This leads to the following research questions: 

Research Part 1 
1. 1. Are soft failures being recognized in other industries than the consumer 

electronics industry? 
1. 2. How are failures handled (Which level of attention is given to failures) in 

other industries? (Measured per company by the MIR method) 

A very important aspect of the second research question is that the way of handling 
failures is measured by the MIR method. It is not possible to use the MIR method to 
measure the handling of failures industry-wide, since every company in an industry 
has its own MIR level. It should therefore be said that the research results regarding 
the second research question cannot be generalized industry-wide, but should be 
taken on a per company basis. Since it only aims at the selection of companies for 
the second part of the research, this does not present a problem. 

As already said , ideally, it would be possible to identify the recognition of soft failures 
in an industry by using the industries' characteristics. This leads to another research 
question, taken up in the first part of the research : 

1. 3. Can a relationship between certain industry characteristics and the 
appearance of soft failures be identified? 

By answering the first and third research question, it is tried to focus future research. 
By answering the second research question, the second part of this research is 
focused. 

For the first research question, the question is posed whether or not soft failures are 
recognized in the industry. 
For the second research question , the way of handling soft failures is categorized 
using the MIR method. This method is further discussed in chapter 3. 
For the third research question , a number of industry characteristics are researched , 
together with the question whether or not soft failures are identified. In this way, a 
possible relationship between industry characteristics and the appearance of soft 
failures . 

2.3. Approach Regarding Research Part 2 

This second part of the research tries to identify methods to deal with soft failures. 
Since the time available for the research is limited , the number of companies 
involved in the second part of the research is limited to one. 
The selection of the company for the second part of the research would ideally be 
based on the first part of the research , more specifically, on the first and second 
research question, which could function as a "selection tool". 
Ideally, a company could be identified and involved in the research that: 

1. Recognizes soft failures 
2. Has much information on the ways in which it handles failures 
3. Has one or more methods to deal with soft failures . 
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The second part of the research is ultimately aimed at improving methods to identify, 
solve and prevent soft failures. The possible points of improvement will be based on 
the identification and comparison of methods in selected other companies and 
methods in the consumer electronics industry. The second part of the research 
therefore consists of three questions: 

Research Part 2 
2. 1. What methods are used in the selected companies to identify, solve and 

prevent (soft) failures 
2. 2. What methods are used in the consumer electronics industry to identify, 

solve and prevent (soft) failures? 
2. 3. How can the methods from other industries help to improve the methods 

used in the consumer electronics industry? 

2.4. Research Scope and Instruments 

The research instruments that are chosen on the basis of Verschuren and 
Doorewaard [Ver99] should be discussed for both parts of the research separately. 

As already said, the first part of the research is used to be able to give an indication 
of the relevancy of different industries for further research. Because of the novelty of 
the research area for the sub-department of QRE, the research is broad. By 
incorporating very many different and diverse industries, a good indication can be 
achieved, and most relevant industries can be identified. Because of the broad 
character of this part of the research, the survey has been chosen as research 
instrument. In total 95 companies from 19 different industries have been sent a 
questionnaire, and are asked to cooperate in this research. It has to be said that the 
research only focuses on the Netherlands. 
Using the survey, the question whether or not the company identifies soft failures is 
answered, industry characteristics are identified, and questions are posed regarding 
the way in which companies handle soft failures. 

The second part of the research is a focused, in-depth research. Therefore, the 
choice for the research instrument is that of the case study, and it will focus on 
company from another industry. 

The selection of this company to be involved in the second part of the research will 
ultimately be based on the outcomes of the first part of the research. However, the 
research is dependent on the companies that are willing to cooperate in the research. 
Therefore, it cannot be guaranteed that the best fitting company (as identified by the 
first two research questions) will take part in the second part of the research. 
In the company that participates in the second part of the research, a number of 
interviews will be held. This should lead to the identification of: 

1. Different methods in the other industries 
2. The set-up of the methods in other industries 
3. The timing of the methods in other industries. 
4. Ways of customer involvement 
5. An approximation of the effectiveness of methods regarding soft failures 

In addition to a case study in one company, interviews with experts in the field should 
lead to the identification of all of the five points mentioned above in the consumer 
electronics industry. 
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3. Theoretical Background Regarding the Survey Set-Up 

Firstly, the theoretical background for the survey (for the complete survey, see 
Appendix A: Company Survey) will be presented . This survey tries to give an answer 
to the first part of the research : 

Research Part 1 
1. 1. Are soft failures being recognized in other industries than the consumer 

electronics industry? 
1. 2. How are failures handled (Which level of attention is given to failures) in 

other industries? (Measured per company by the MIR method) 
1. 3. Can a relationship between certain industry characteristics and the 

appearance of soft failures be identified? 

As the survey is a reflection of the research questions of the first part of the research, 
it consists of two parts. The first two research questions have been put in the first 
part (since they both focus on soft failures: their appearance and the way in which 
companies deal with them). The second part discusses the industry characteristics. 

Firstly, the set-up of the research regarding the first two research questions will be 
discussed in section 3.1. In this section, the way is presented in which the first two 
questions of the research are included in the company survey (see Appendix A: 
Company Survey) . 

After this , the set-up for the research regarding the third research question will be 
discussed in section 3.2 and its paragraphs. It includes a discussion of the industry 
characteristics that are looked at to include in the survey. Since, regarding the limited 
time available for research , it is not possible to include very many characteristics, a 
limited number of characteristics has been chosen to be looked at. For each 
particular characteristic, it will be discussed: 

Why the particular characteristic was chosen to be looked at for this research 
How the characteristic is measured (by which parameters) 
How objective/subjective the characteristic is 
How the characteristic is included in the survey 

In the end , in section 3.3, the validity and reliability of the survey will be discussed. 

First research question: 
The first research question is quite straight forward, since it only discusses the 
appearance of soft failures , and will therefore only require a discussion on what soft 
failures are. The definition for soft failures used in the survey is the following: 
A soft failure can be identified when a customer is dissatisfied about a product, 
without there being a technical failure. Thus, a soft failure is a failure in a product that 
does satisfy its specifications. 

Second research question: 
The second research question however, discusses the way in which soft failures are 
handled . Therefore, a measure should be found for the handling of soft failures. This 
measurement should be able to make a distinction between very passive handling of 
soft failures (e.g. only identifying the fact that there are soft failures, without doing 
anything about it) and very pro-active handling of soft failures (trying to find ways in 
which soft failures can be can be anticipated and ways in which products can be 
improved in the future, so that they don't have any soft failures any more). 
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The measurement of the handling of soft failures will be done using the MIR method 
[Bro05], [Pet03], since this method is able to satisfy the above-mentioned conditions. 
A thorough discussion of this measuring instrument is presented in the next section, 
section 3.1 

Third research question: 
The third research question has the objective of identifying a possible relationship 
between soft failures and certain industry characteristics. Because of the limited time 
available for this research, the number of characteristics that will be looked at to 
include in the research should be limited. Therefore, four characteristics have been 
chosen on the basis of a presumed logical relationship with the appearance of soft 
failures (after discussions with experts and after literature study), and are looked at in 
section 3.2, to identify if, and if so how they can be taken up in the survey. 

The following four characteristics are looked at to include in the research: 
1. Complexity [Pet03], [Bro05] 

The complexity concept used in this research is: 
The degree to which an innovation is perceived as difficult to understand and 
use [Uit04] adapted from [Rog03]. Although this is a product characteristic, it 
should be said that the complexity of the products produced by the 
companies in the industry is looked at. 

2. Innovativeness [Pet03], [Bro05] 
Innovativeness is based on the speed of presentation of innovative products, 
innovative products being [Pet03]: "Products with a basically new functionality 
or product design" 

3. Production type [Field interview], [Dur02] 
Production type refers to the way of production. This can be mass production , 
customized production or both. 

4. Business process [Interview wit expert], [Bro05] 
Business process refers to the three types of business process identified by 
Brombacher: 

A High tech, fast innovation products 
B. Consumer goods 
C. Professional (production) systems 

There are a number of things that should be taken into account regarding these four 
characteristics. 
Firstly, the research instrument that is used is the survey. This leads to the following 
three points that should be kept in mind when judging potential characteristics for the 
survey: 

1. The characteristics should be easy to measure 
2. It should be possible to standardize the answers 
3. It should be possible to compare different industries/companies on the same 

basis (general characteristics) 

Furthermore, based on an interview with an expert, the customer viewpoint is being 
placed central in the discussion of the characterization of the industries. This is done, 
because of the fact that, when looking for characteristics that influence the presence 
and role of soft failures, it has to be taken into account that soft failures are related to 
customers, since the customers are the ones that identify soft failures. 

This leads to a fourth point that should be taken into account when looking at 
potential characteristics: 

4. Taking a customer's point of view on the industry characteristics whenever 
possible. 
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It should be said however, that, although customers are very important for the 
research of soft failures , the main aim of the first part of the research has to be taken 
into account. This aim is: "to find a way to focus further research regarding the 
handing of failures in other industries". This means that, since the companies are the 
ones that have and apply the methods, the companies have to be approached in the 
research. 

All points of attention will be discussed in the paragraphs of this section . 

The choice for the characteristics that are looked at to include in this research, is 
firstly based on the ongoing market trends in the consumer electronics market (see 
chapter 1). From the trends mentioned in chapter 1, the first two, complexity (see 
paragraph 1.2.1) and innovativeness (see paragraph 1.2.2) are looked at for the 
research. 
Outsourcing (the third market trend) is left out of the research . This is because of the 
fact that outsourcing is more likely to appear in industries that produce complex 
products with many components than in industries that produce simple products with 
few components. Especially in industries where time to market is short (i.e. 
innovative industries) , outsourcing is very likely to occur [Pet03]. 
Because of this probable relationship between on the one hand complexity and 
innovativeness of the market and on the other hand outsourcing , and because of the 
fact that these two characteristics (complexity and innovativeness) are already 
looked at, outsourcing is not looked at. 

The fourth market trend (warranty period) is not taken into account because it is a 
very complex characteristic, which cannot be standardized and compared for 
different industries. If e.g. the food industry is compared with the consumer 
electronics industry , then it is clear that the warranty on food will not include the 
warranty that "if it breaks down within a year of the purchase, it will be replaced with 
a new product without extra costs", simply because food cannot break down. 

Next to complexity and innovativeness, two additional characteristics are looked at 
because of their presumed relationship with the appearance of soft failures. This 
presumption is based on the basis of an interview in the field and on the basis of 
conversations with experts. The two additional characteristics are: 

Production type (mass production versus customization) 
Business process 

However, before discussing the theoretical background behind the research 
regarding the third research question , firstly , the background behind the first and 
second research question will be discussed in the next section . 

3.1. Background Regarding Research Question 1 and 2 

To answer the first part of the research fully , all three questions should be answered. 
This section will explain how the first two questions will be handled. These questions 
are: 

Research Part 1 
1. 1. Are soft failures being recognized in other industries than the consumer 

electronics industry? 
1. 2. How are failures handled (Which level of attention is given to failures) in 

other industries? (Measured per company by the MIR method) 
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The first research question - whether or not soft failures are recognized in an 
industry- is a straightforward question; it can be answered either with yes or with no. 
The answering of this research question can be done by defining the concept soft 
failure and posing the question whether or not soft failures are recognized. As 
already said , the concept of soft failures is defined as follows: 
A soft failure can be identified when a customer is dissatisfied about a product, 
without there being a technical failure. Thus, a soft failure is a failure in a product that 
does satisfy its specifications. 

Next to the appearance of soft failures, the appearance of No Fault Found failures is 
researched, since they are closely related to soft failures (both failures are failures 
with products that are within specifications). 
Where soft failures are failures in a product that meets its specifications, a No Fault 
Found failure is defined as a failure that turns up only once, or a failure in an aspect 
that is not specified. To get a good view on the difference between hard, soft, and No 
Fault Found failures, the following example can be used: 
Situation: a customer complains about an iron that has a cord of 3, 50 meters. 
The distinction between the 3 types of failures can be made as follows: 

1. A hard failure is identified, when the cord is specified to be 4,00 meters. In 
this case, the product does not live up to its specifications 

2. A soft failure is identified, when the cord is specified to be 3,50 meters (so 
the product lives up to its specifications), but the customer still complains 
about the length of the cable (for example because he or she expected it 
to be 4,00 meters) 

3. A No Fault Found failure is identified, when the length of the cord is not 
specified in the product manual or product description, or - more in 
general - if an irreproducible error occurs. 

The second research question- how soft failures are handled in other industries - is 
a more delicate one. The rest of this section is devoted to the way in which this 
question is researched . 

Reason for inclusion: 
As already said, industries that spend more effort on handling failures are probably 
more interesting for the second part of research, since it is very likely that they can 
also provide more information on the handling of failures. Therefore, a method is 
sought that places the handling of failures central, and which differentiates between 
different ways of handling failures. Furthermore, it should be possible to use the 
method to indicate which companies would be more interesting than others. The 
outcomes of this second research question could be used for the selection of 
companies for the second part of the research. 

Measurement: MIR method and way of inclusion: 
Because of the above-mentioned qualities that are sought in the method, the MIR 
method [Bro99] is used as a basis on which the questions in the survey can be 
based. Although it normally is used to measure the quality of the reliability control 
loop, it does place handling of failures central. Furthermore, the method is able to 
make a distinction between very passive handling of failures and very pro-active 
handling of failures, with different levels in between. 

Although the MIR method cannot be used on an ordinal scale [Pet03] - it cannot be 
said that analyzing is one step beyond quantification, since it could well be that 
finding root causes (level 3) is easier to do - it can be used to identify the different 
ways in which companies deal with soft failures. 
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Therefore, the MIR method is suitable to form the basis on which the questions in the 
survey can be based. 

It should be stated very clearly that the survey does not aim at categorizing 
companies on a MIR scale. The MIR method is only used as a basis on which the 
different questions are based that should give an insight in which companies to 
choose for further research . 

Five different MIR levels can be identified [Bro99] , [Pet03]. The five different levels 
are presented below, together with the corresponding question in the company 
survey (see Appendix A: Company Survey) : 

1. MIR 0: uncontrolled - uncontrolled 
2. MIR 1: measured quantification: how much? 

Quantitative information is available per-product indicating the number of 
failures in field and production . 
Question: Is the number of failures in products (in general: hard as well as 
soft failures) measured that turns up in products? 

3. MIR 2: analyzed identification: where? 
Quantitative information available on primary/secondary failure location: 

a. Primary (organisation): Location of the cause of the failure within the 
development process 

b. Secondary (position) : Location of the failure within the product (Part 
NR, Conditions, etc. 

Question: Is an analysis made: which kind of failure (hard, soft, NFF) turns up 
at which place in the product? 

4. MIR 3: controlled cause: why? 
Detailed information is available for all dominant failures on root-cause level. 
This can be translated into risks for future products. 
Question: Are the failures in the product being controlled? (Are causes 
sought, found an eventually also solved?) 

5. MIR 4: improving improvement: what to do? 
Methods and tools are in place to anticipate on reliability risks for future 
products and eliminate these risks where needed. 
Question: Are measures being taken to pro-actively prevent failures based on 
existing products and processes? 

A very important remark has to be made about the MIR method as it is used in the 
company survey: 
The first two levels of MIR are directly related to soft failures, since the questions that 
belong to the MIR 1 and MIR 2 levels indicate: 

1. If a record is being kept of the number of failures that takes place, and if these 
failures are categorized 

2. If it is analyzed where a certain type of failure takes place in the product 

However, the 3rd and 4th MIR levels are not directly related to soft failures: they aim 
at the methods to control the failures (MIR 3) , and measures to pro-actively prevent 
failures. 
Because of the fact that the methods to control or prevent soft failures does not 
specifically have to be developed for soft failures, the questions about the MIR 3 and 
MIR 4 levels cannot be directly related to soft failures. Moreover, it could well be 
methods from other industries that are completely able to cover soft failures are not 
always identified as such, since it could be that they are used for other purposes. 

Because of the difficulty focusing on soft failures (as already said: it is not possible to 
directly relate MIR 3 and MIR 4 to soft failures) , a fifth question is added to the 
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survey. The question takes up the fact that customers identify soft failures. This fact 
leads to the presumption that it is probable that methods in which customers are 
involved are probably better able to identify soft failures than methods in which 
customers are not involved. Therefore, a question is posed to identify whether or not 
customers are involved. This leads to the posing of a question in the survey 
regarding customer involvement. Furthermore, an open-ended question is added, to 
get an idea of the methods in which they are involved. In this way, a view can be 
created on the places in the PCP where can be looked for methods that involve 
customers. This could be helpful in focusing the second part of the research. 
The questions (see Appendix A: Company Survey) are as follows (translated from 
Dutch into English) : 

Is the customer involved in the identification of failures? 
In what ways does this happen? 

For the complete survey, see Appendix A: Company Survey 

3.2. Background Regarding Research Question 3 

This section will be dedicated to the discussion of the theoretical background behind 
the third research question. This question is: 

1. 3. Can a relationship between certain industry characteristics and the 
appearance of soft failures be identified? 

As already said, the choice of the industry characteristics is based on a presumed 
logical relationship between the industry characteristic and the appearance of soft 
failures. The discussion will focus on the industry characteristics, since the 
recognition of soft failures is already discussed in the previous section. 

As already said, there are four characteristics looked at in this research: 
1. Complexity (see paragraph 3.2.1) 
2. Innovativeness (see paragraph 3.2.2) 
3. Production type (see paragraph 3.2.3) 
4. Business process (see paragraph 3.2.4) 

These industry characteristics will all be discussed in the same manner: 
1. The reason for looking at the characteristic to include it in the research will be 

discussed 
2. The characteristic will be discussed in terms of measurement: 

a. The parameters for measurement of the characteristic 
b. The subjectivity or objectivity of the measurement of the characteristic 

3. If the characteristic is included in the survey, the characteristic will be 
discussed in terms of how it is included in the survey 

It has to be said, regarding point 2b that, because of the fact that the research 
instrument is a survey, which is filled out by persons, subjectivity can never fully be 
prevented. The discussion about the objectivity of the measurement of the 
characteristic is always done with this in mind; this is not mentioned again explicitly in 
the discussions. 
It should also be said that - if it is possible to influence the objectivity of the 
measurement of a characteristic - it is tried to make the measurement as objective 
as possible. 
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3.2.1. Industry characteristics: complexity 

Reason for inclusion : 

Maurits Houben 

The characteristic "complexity" (The degree to which a product is difficult to 
understand and use) is looked at to take up in the research , because, since complex 
products are more difficult to use, it is likely that more soft failures will appear when 
people use complex products than when people use simple products. 

Measurement: parameters: 
According to Rogers [Rog03] , adapted from [Uit04] and adopted by a lot of authors 
(amongst others [Gro93], [Bra03], [Sly02] and [Geu04]) , complexity is: 
"The degree to which an innovation is perceived as difficult to understand and use. 
Some innovations are readily understood by most members of a social system; 
others are more complicated and are adopted more slowly. New ideas that are 
simpler to understand are adopted more rapidly than innovations that require the 
adopter to develop new skills and understandings." 
The basis of the definition of complexity lies in the first sentence: 
"The degree to which an innovation is difficult to understand and use". Th is statement 
leads to the conclusion that the degree of complexity can be divided into two aspects: 

1. The degree of difficulty of understanding an innovation 
2. The degree of difficulty of using an innovation 

It should be stated that, although complexity is described as the degree to which an 
innovation is difficult to use and understand , for th is research , the word "innovation" 
is replaced by the word "product" , since the measurement of complexity in this 
research is related to the complexity of products in general , not to innovations. 

The fact that complexity directly aims at the customer-product interaction, together 
with the before-mentioned importance of the customer viewpoint , makes it a very 
interesting characteristic to take into account in this research. 

However, measuring complexity in an objective way is very hard to do. One way is 
presented by Mike Hobday [Hob98]. He states that complexity consists of a large 
number of product features ; he himself names 16 factors (which all have 5 levels) , 
and concludes that these are many of the critical factors that define complexity . 
However, it is not stated exactly how these factors make up the complexity of a 
product. 

Because no easy way (one of the criteria for taking up a characteristic in the survey) 
is found to measure complexity through the company survey, complexity is left out 
of the research. 

3.2.2. Industry characteristics: innovativeness 

Reason for inclusion: 
The second characteristic that is looked at when researching the appearance and 
handling of soft failures is innovativeness. Innovativeness is based on the speed of 
presentation of innovative products. 

Brombacher [Bro99] identifies the time gap between the development time 
(constantly decreasing) and the feedback time (remains constant) as a problem, 
since it creates uncertainties with respect to the performance of new technology and 
uncertainties with respect to the way that customers apply new technology. Because 
these uncertainties could lead to soft failures , innovativeness is taken into account. It 
is likely that more innovative products will trigger more soft failures, since innovative 
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products often have new features. Innovative features could cause more problems 
because it could be that the customer is not certain about how to deal with the new 
(innovative) features. 

Measurement: parameters: 
A problem is, that in literature, there are a large number of definitions of 
innovativeness, as well as a large number of ways to measure it. The measurement 
of innovativeness will be dealt with next. 

The first problem is, that there are a number of levels at which innovativeness can be 
measured. These levels are from high to low: 

Industry 
Company 
Product 

They have in common that the innovativeness of a certain level is determined by the 
innovativeness of its predecessor: the innovativeness of an industry is determined by 
the innovativeness of the companies in the industry. The number of innovative 
products that is brought onto the market determines the innovativeness of the 
companies. Therefore, the level at which innovativeness will be measured in this 
research will be the product level. 

In order to measure product innovativeness in a right way, an article by Garcia and 
Calantone [Gar02] is used. In this article, a large number of different views on 
innovativeness in the field is analyzed, and through this analysis a suitable innovation 
typology for this research can be distilled. In the paper by Garcia and Calantone, 
innovation typology is divided into four sub-levels. On all four sub-levels a choice will 
have to be made. 

1. Macro perspective versus micro perspective 
2. Marketing discontinuities versus technological discontinuities 
3. Single dimensional construct versus multifactorial construct 
4. Innovativeness as a categorical variable versus innovativeness as a 

continuous variable 

The choices that are made on each sub-level with an in-depth discussion are 
presented in Appendix B: Innovativeness. The choices are as follows: 

1 . Macro perspective 
2. Not relevant 
3. Single dimensional construct 
4. Continuous variable 

Measurement: objectivity: 
By using these choices on the sub-levels, the measurement of the characteristic 
automatically becomes more objective because the characteristic can be put into 
parameters. 

Way of inclusion: 
As a result of the discussion of the sub-levels of the innovativeness typology 
introduced by Garcia and Calantone [Gar02], the following questions are used in the 
survey to characterize the innovativeness of a company: 

How many "new to the market" innovations are per year per product line 
introduced on average? 
How many "incremental" innovations are per year per product line introduced 
on average? 
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For the complete survey, see Appendix A: Company Survey 

3.2.3. Industry characteristics: production type 

Reason for inclusion: 

Maurits Houben 

With production type, the way of producing a product is meant. As already said , there 
are two extremes when looking at production type. The first one is mass production; 
the other one is customized production. 
Production type as an industry characteristic is taken into consideration because of 
the fact that this was identified in an interview in the field as a potential influence on 
the way soft failures are handled. Because of the fact that customized products are 
built to customer wishes, it can be said that the customer is thus also responsible for 
the level of satisfaction that he gets from the products. 
This could mean that only hard failures can be blamed on the company: soft failures 
are the fault -and thus the problem- of the customer himself. If this were true, then 
ultimately , companies that produce customized products would give far less attention 
to soft failures than would a company that produces standardized products. This 
makes the characteristic "production type" very interesting to take into account in the 
research. 

Measurement: parameters: 
In the production typology, two extreme categories can be identified . One is the mass 
production ; the other is the full customization. 
Mass production can be characterized by [Dur02]: 

Low price 
High volume 
Standardization 

Extreme customization, being defined in this context as the opposite of mass 
production can be characterized as follows: 

High price 
Low volume 
Unique products 

These two categories will be used to describe the characteristic "Production type". 
On the one hand, there will be standardized products, and on the other hand 
customized products. The fact that the distinction will be based on the difference 
between standardized and customized , is based on the before mentioned customer 
viewpoint of the characteristics. The production type characteristic is taken into 
account because customization can be characterized by the fact that the customer 
has a direct and often substantial influence on the way the end product looks like, 
whereas standardization implies the fact that the customer does not have any direct 
influence at all. 

The products manufactured by means of mass customization will be regarded as 
customized products. This is because of the fact that, although mass customization 
produces customized , but not unique products, mass customization still enables the 
customer to have a substantial direct influence on the end product. It should be clear 
that the most important distinction is made from the customer viewpoint: a production 
process in which the customer is involved and can influence the end product directly, 
will be characterized as customization , and a production process which produces 
standardized products will be characterized as mass production. 

The factors "price" and "volume" are not taken into account because the customer 
perspective would not be taken into account, and because it is very hard to base the 
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difference between mass production and customization on these factors. The price is 
not taken into account, because although the price of mass produced products is - in 
general - lower than that of customized products, it is very hard to base the 
difference on the price of products, since the prices is not only dependent on the 
production process. 
The volume of the production is not taken into account because one can produce 
almost the same amount of products using mass production as one can using mass 
customization, although they are clearly different. 

Measurement: objectivity: 
Since the characteristic production type is measurable in clear parameters, it is 
possible to take an objective view on this characteristic. 

Way of inclusion: 
The questions asked in the survey to characterize the production type of a company 
are: 

- Are the products that you produce standard products? 
- Are the products that you produce customized products? 

It should be mentioned that this leaves the possibility open for a company to fill in 
that it produces both types of products. 

For the complete survey, see Appendix A: Company Survey 

3.2.4. Industry characteristics: business process 

Reason for inclusion: 
The industry characteristic business process presents a way to identify the speed in 
which an industry is changing: faster changing industries will have business 
processes that are more likely to have short development times and short 
economical lives (see "measurement parameters"). When products are developed 
(and with that, changing) rapidly, it can be expected that there will be more 
uncertainties for the customer. If a customer uses the same product for ten years, not 
many problems are to be expected. However, if he uses a product that is replaced by 
a different product every three months, then customers will more likely have more 
problems, since he needs to learn to use a different product every three months. 
Therefore, these uncertainties could lead to (soft) problems with products, and 
therefore the characteristic "business process" will be included in the survey. 

Measurement: parameters: 
For the characterization of the business process, the characterization presented by 
Brombacher [Bro05] will be used. This characterization is presented in figure 5. 

On the basis of the characterization by Brombacher [Bro99], business processes can 
be divided into three different categories (see figure 5) : 

A. High tech, fast innovation products 
8. Consumer goods 
C. Professional (production) systems 
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d typical development lime {years) Type of business process 

pl: typical product operational life {years) 

d<0.5, pl<3 X X A: high tech. fast innovation producb 

0.S<d<2, 3<pl<10 • X B: consumer goods (TV. Car, ... ) 

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

1,2 3 4 
• Relevant 

Reliability classification X Not relevant 

figure 5: The relevance of different classes of problems for different classes of products 
[Bro05] 

There are two different measures consisting of - in total - three different 
characteristics that determine the category in which a business process should be 
placed : 

1. The first measure is determined by the typical product economical life in 
proportion to the typical product operational life, as is shown in figure 5 

2. The second measure is determined by the typical product development time 
and the typical product operational life. 

Below, the two measures will be discussed. 

Since all three characteristics (product economical life, product operational life and 
product development time) and both measures (the two presented above) make up 
the business process, they will all be dealt with in the survey. 

Economical Lifetime versus Operational Lifetime 

Before the categorization can be discussed , first the definition of the two 
characteristics should be discussed. 

Economical lifetime: "The average time where it is justifies to replace a 
product for economic reasons" 
Operational lifetime: "The average time that it takes for a product to reach 
end-of-life due to technical failures" 

When looking at a products economical life versus its operational life, then there are 
three possibilities. If the economical life is shorter than the operational life, then it is 
probable that the products are high tech , and changing fast. On the other hand , when 
the economical life is much longer than the operational life, than the product is 
valuable even after it is out of service, which means that the change, taking place in 
this category of products is very slow. 
Since change is linked to uncertainty for the customer, it is very interesting to study a 
possible connection between soft failures and the way in which they are handled and 
the type of business process. 
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For all business processes, the characteristic combinations of economical lifetime 
and operational lifetime are presented below: 

A. Products where the economical lifetime is much shorter than the technical 
lifetime 

B. Products where the economical lifetime is comparable to the technical lifetime 
C. Products where the economical lifetime is much longer than the technical 

lifetime 

Development Time versus Operational Life 

This second way of categorizing the business process of a company is via the 
product characteristics "typical development time" and "typical operational life" 
[Bro05]. When looking at these two characteristics, the same can be said as in the 
previous section. Products with a short development time will cause more 
uncertainties for customers than products with very long development times 

The three categories (A, B and C) all have different values regarding these two 
characteristics. For the different categories, the characteristics for the products are 
as follows: 

A. Development time: less than half a year: 
Operational life: less than 3 years: 

B. Development time: between half a year and two years: 
Operational life: between three years and ten years: 

C. Development time: more than two years: 
Operational life: more than 10 years: 

Measurement: objectivity: 

D<0,5 
OL<3 
0,5<0<2 
3<OL<10 
0>2 
OL>10 

The characteristic "business process" is, as is the characteristic production type, 
measurable in clearly defined parameters. Therefore it is possible to take an 
objective view on this characteristic. 

Way of inclusion: 
The questions asked in the survey to characterize the business process are 
questions regarding : 

The average length of the economical lifetime of products 
The average length of the operational lifetime of products 
The average length of the development time for products 

For the complete survey, see Appendix A: Company Survey 

3.3. Validity and Reliability of the Survey 

For the discussion of the reliability and the validity of the survey, a book by Yin 
[Yin03] has been used. Yin mentions, as quality characteristics for a survey 
instrument the terms "construct validity", "internal validity", "external validity", and 
"reliability" 
Yin mentions that internal validity is only usable for causal studies; it is not usable for 
descriptive or exploratory studies. Since this research is exploratory, it will not be 
discussed. The other three characteristics will be discussed in the next paragraphs. 

3.3.1. Construct validity 

Yin [Yin03] defines construct validity as: "establishing correct operational measures 
for the concepts being studied ." A very important problem with construct validity is, 
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according to Yin , that many concepts are measured using "subjective" judgements. 
There are two ways in which it is tried to minimize the level of subjectivity of the 
research: 

A written survey is used , so that there is no interviewer who can influence the 
answers of the respondents at the interview. 
An in-depth study has taken place (see chapter 3) in order to form a very solid 
theoretical basis on which the questions have been formed . 

The problem with the construct validity of this research is the high level of uncertainty 
in this research. Since this is an explorative research , and since nobody has studied 
this subject in other industries than the consumer electronics, it is impossible to make 
sure that the survey is completely valid for all industries. 
Furthermore, the questions in the survey regarding the second research question are 
- especially the questions regarding MIR 3 and MIR 4 - very prone to subjectivity, 
since answering these questions with "yes" gives a more positive image of a 
company than answering the questions with "no". 
However, because of the purpose of the second research question - the survey is 
only used as a tool for the further selection of companies for the second part of the 
research - a full investigation of the real MIR level of the companies is not interesting 
in the limited amount of time. 

3.3.2. External validity 

External validity is defined by Yin [Yin03] as: "establishing the domain to which a 
study's findings can be generalized". The external validity of this research only 
focuses on the first and third research question (since it is not possible to generalize 
the MIR method for industries) , and aims at the answering of the questions: 

Whether or not soft failures appear in all companies of an industry 
Whether or not it is possible to find a relationship between the appearance of 
soft failures and industry characteristics 

The external validity of the outcome of the research is highly dependable on the 
number of companies that respond to the survey. Since the response rate of 
companies cannot be controlled , this makes ensuring external validity more difficult. 
Furthermore, the total number of companies approached to participate in the 
research is 95, and they come from 19 different industries. To generalize the results 
per industry, this number is far too low, since this would mean generalizing results for 
an industry based on (on average) the results of 5 companies. 
The external validity will therefore be discussed only superficially , per industry 
characteristic, based on the survey results in chapter 4. 

3.3.3. Reliability 

Yin [Yin03] says the following about reliability: "Reliability : demonstrating that the 
operations of a study - such as the data collection procedures - can be repeated 
with the same results". 
The most important suggestion that Yin gives to improve reliability of the survey 
instrument is documentation of the instrument. 

In this research, a written survey has been used . This improves the reliability of the 
research because of the following points: 

By using a written survey , being the same for every single company, it is tried 
to increase the reliability of the research, since the exact same questions are 
posed in exactly the same way to the people filling out the questionnaires. 
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Furthermore, the concepts that are used in the survey are all defined in the 
letter that accompanies the survey and on the first page of the survey (see 
Appendix A: Company Survey) . By doing this, the chance that people use 
their own definitions of concepts is decreased. 

However, a written survey also has a number of disadvantages: 
1. The concepts of the written survey are written down. Because of the fact that 

it is written, there is no way for the respondents to ask for clarification if a term 
that is used is not completely clear to them. 

2. The survey is written from the perspective of the consumer electronics 
industry. It is very hard to make sure that every question (since it is posed 
keeping the consumer electronics industry and its terms in mind) is applicable 
in all other industries. 

3. There still is a chance that respondents use their own definitions of concepts 
without properly reading the letter and the definitions of concepts. Since "soft 
failure" is a new term, it is crucial that it is understood correctly, which can 
only be done by reading the letter, and thus understanding the background of 
the problem. 

By discussing the survey and the terms used in the survey a number of times with 
the first supervisor, the first disadvantage is minimized. Furthermore, the survey is 
set-up in general terms, so that the influence of terms specifically used in the 
consumer electronics industry is minimal. The last problem is minimized by explicitly 
mentioning the letter that accompanies the survey in the e-mails that were sent. 
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4. Results of the Surveys 

In this chapter, the results of the survey will be presented . The part of the survey 
associated with the first and second research question will be discussed in the 
sections 4.2 and 4.2.1. The second part of the survey, related to the third research 
question, will be presented in section 4.4. 

Before discussing the survey results, the way in which the survey results will be 
presented will be discussed first. 

4.1. Presentation of the Survey Results 

In chapter 3, the theoretical background behind the first part of the research was 
discussed. This has lead to a survey that is set-up to answer the first part of the 
research . The first part of the research can be divided into two sub-parts. 
The first sub-part is linked to the first two research questions, and discusses the 
recognition of soft failures and the way in which soft failures are handled. 
The second sub-part is linked to the third research question and discusses the 
characterization of different industries and a possible relationship between the 
appearance of soft failures and industry characteristics. 

The way in which the survey results for the first sub-part and second sub-part will be 
presented will be discussed in paragraph 4. 1. 1, respectively in paragraph 4. 1. 2. 

4.1.1. Results presentation: research question 1 and 2 

The two research questions associated with the first part of the survey are: 

1. 1. Are soft failures being recognized in other industries than the consumer 
electronics industry? 

1. 2. How are failures handled (Which level of attention is given to failures) in 
other industries? (Measured per company by the MIR method) 

The way in which the results of the survey regarding these two research questions 
·11 b d. d . bl 2 WI e presente Is presente In ta e 

Industry NFF SF MIR 1 CF MIR 2 MIR3 MIR4 Cl 
Consumer Electronics ??? ??? ??? ??? ??? ??? ??? ??? 

table 2: Industry types versus occurrence of NFF and soft failures and ways of handling soft 
failures 

This table will be used in the sections 4. 2 and 4. 2. 1 to discuss the results of the first 
part of the company survey. To get a good view on how the table should be 
interpreted, table 3 is presented underneath. 
In table 3, the "factors" (column names) are presented together with their description. 
Furthermore, the possible values are mentioned and the research question (either 
research question 1.1 or research question 1.2) to which they are related. 
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"Factor" Description (Possible) Research 
Values Question 

NFF Is the problem "No Fault Found" recoQnizable? Yes/ No 1.1 
SF Is the problem "Soft failures" recognizable? Yes/ No 1.1 

Is the number of failures (in general: hard as well 
MIR 1 as soft failures) measured that turns up in Yes I No 1.2 

products? 

CF Are failures being categorized into hard and soft 
Yes I No 1.2 failures? 

Is an analysis made of the failures: which kind of 
MIR2 failure (hard, soft, No Fault Found) turns up at Yes I No 1.2 

which place in the product? 
Are the failures in the product being controlled? 

MIR3 (are causes sought, found and perhaps also Yes I No 1.2 
solved) 
Are measures taken to pro-actively prevent 

MIR4 failures based on existing products and Yes I No 1.2 
processes? 

CJ Is the customer involved in the identification of Yes I No 1.2 failures? 
table 3: Abbreviations from table 2, their description, their possible values and the associated 
research question 

The third research question and the way in which the results of both the company 
survey and the customer survey are linked to this research question will be presented 
in paragraph 4.1.2. 

4.1.2. Results presentation: research question 3 

The research question associated with the second part of the survey is: 

1. 3. Can a relationship between certain industry characteristics and the 
appearance of soft failures be identified? 

After the identification of the way in which soft failures are handled, and the way in 
which soft failures and no-fault-found failures are identified, a characterization of the 
industry will be made by using the values from the surveys. The four characteristics 
(mentioned in the beginning of this chapter) can be presented in a table; this is 
shown table 4. 

Industry SF 
Innovativeness Production Business 

NTTM I Incremental Type Process. 
?????? ??? ??? I ??? ??? ??? 

table 4: Industry types versus industry characteristics 

This table will be used in section 4.4 to discuss the results of the second part of the 
company survey and of the customer survey. To get a good view on how the table 
should be interpreted, table 5 is presented underneath. 
In table 5, the industry characteristics are presented together with their possible 
values. It should be clear that all industry characteristics and their values are related 
to research question three. The column "SF" of table 4 represents, just as in table 3, 
the answer to the question whether or not the problem "soft failures" is recognizable 
in the company. 
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Characteristics Associated survey questions (Dutch) and their (possible) values 
Innovativeness, How many "new to the market" innovations do you introduce on an 

NTTM average per year per product line? (number) 
Innovativeness, How many "incremental" innovations do you introduce on an 

Incremental average per year per product line? (number) 
Are the products that you produce: 

Production type 
1. Standard products? 

2. Customized products? 
(S, C or S & C; Standard, customized or both) 

4. What is the average economical lifetime of your products? 
(number) 

Business 5. What is the average operational lifetime of your products? 
process (number) 

6. What is the average development time per new product 
(for the market)? (number) 

table 5: Industry characteristics and their associated survey questions and possible values 

4.2. Survey Results: Research Question 1 

The first part of the survey discusses the identification of No Fault Found failures, soft 
failures and the handl ing of (soft) failures. In this section , the first research question 
is answered : 

1. 1. Are soft failures being recognized in other industries than the consumer 
electronics industry? 

The results of the first part are presented in table 6. Per company, all the answers to 
the questions in the first part of the survey are presented . Since the aim of the first 
part of the research is "to find a way to focus further research regarding the handing 
of failures in other industries", this will be kept in mind when discussing the results of 
the survey . 

Company NFF SF MIR 1 CF MIR 2 MIR3 MIR4 Cl 

A ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

B ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

C ✓ ✓ ✓ X ✓ ✓ ✓ ✓ 

D ✓ ✓ ✓ X ✓ ✓ ✓ ✓ 

E ✓ ✓ X X X ✓ ✓ ✓ 

F ✓ ✓ ✓ X X ✓ ✓ X 

G ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

H ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

I ✓ ✓ X X X ✓ ✓ ✓ 

J X ✓ X X X ✓ ✓ ✓ 

K X ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

L ✓ ✓ ✓ X X ✓ ✓ ✓ 

M ✓ ✓ ✓ X X ✓ ✓ ✓ 
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N ✓ ✓ ✓ X X ✓ ✓ ✓ 

0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

# YES/TOTAL 13/15 15/15 12/15 6/15 8/15 15/15 15/15 14/15 

#NO/TOTAL 2/15 0/15 3/15 9/15 7/15 0/15 0/15 1/15 

% YES 87% 100% 80% 40% 53% 100% 100% 93% 

%NO 13% 0% 20% 60% 47% 0% 0% 7% 

table 6: Survey results: identification and handling of soft failures 

4.2.1. Conclusion 

On the basis of the survey results, it can be concluded that the answer to this 
research question is: yes. Soft failures are known in all 15 companies that filled in the 
questionnaire; soft failures being defined as mentioned before: 
"A soft failure is identified when a customer is dissatisfied with a product, without 
there being a technical failure in the product. So, a soft failure is a failure in a product 
that completely lives up to its specifications." 

This means that, using the results of this research, in companies from nine different 
industries, soft failures are recognized. This is a first indication that further research 
in other industries could be very interesting. 

However, overall it should be said that the number of respondents is too low to 
generalize conclusions: only 15 of the 95 companies responded. Furthermore, 95 
companies from 19 different industries (which would mean 5 companies on average 
per industry) are a too small number to represent all industries. 
This means that, although all companies that have filled in the survey recognize soft 
failures, it cannot be concluded that soft failures appear in all industries. On the basis 
of these results, it cannot be concluded that soft failures are industry-wide, since 
there are many more companies from the same industry. For this level of external 
validity, the response rate is far too low. 

Looking at No Fault Found failures, it can be seen that the companies J and K 
recognize the phenomenon "soft failure", whereas they do not recognize the 
phenomenon "No Fault Found", No Fault Found being defined as follows: 
""No Fault Found" turns up when a product is being returned with a failure, when it is 
within specifications, and when no failure is found. It could be that a failure only turns 
up once, but it could also be an aspect of the product that is not specified." 

Although this is possible, because of the fact, it still is remarkable. 
As they are defined in this research, No Fault Found failures and soft failures are 
namely directly related, since both failures are problems with a product that is within 
specifications. However, as already stated in section 3. 1, there is also a difference. 
This difference can best be identified by using the example from section 3.1 : 

Situation: a customer complains about an iron that has a cord of 3,50 meters. 
- A soft failure is identified, when the cord is specified to be 3,50 meters (so the 

product lives up to its specifications), but the customer still complains about 
the length of the cable (for example because he or she expected it to be 4,00 
meters) 
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A No Fault Found failure is identified, when the length of the cord is not 
specified in the product manual or product description, or - more in general -
if an irreproducible error occurs. 

An explanation could therefore be that problems identified by companies J and K are 
always caused by customer behaviour. 
No problems of the type "No Fault Found" (either caused by the company in the case 
of missing specifications or caused by an irreproducible failure) are then identified 

It should be made clear that the answer to the question whether or not "soft failures" 
are recognized , is the most important, because it is the basis on which further 
research on the ways in which these failures are handled will be done. By posing the 
question whether or not "No Fault Found" failures are recognized, a next selection 
can be done. It is probable that companies that do recognize "No Fault Found" give 
more attention to soft failures, since they are very closely related, and they both aim 
at failures in products that are within specifications. 

4.2.2. Impact on further research 

The second part of the research focuses on methods in other industries to identify, 
solve or prevent soft failures . This means that if companies are familiar with the 
problem soft failures, this is a big advantage, since this could mean that their 
methods used to identify, solve or prevent failures in general, are usable for 
identifying, solving or preventing soft failures as well. 
The fact that every company recognizes the phenomenon "soft failure" means that 
the recognition of soft failures cannot be a selection criterion . However, the 
recognition of "No Fault Found" failures could possibly be used as a selection 
criterion. In this case, companies that do recognize "No Fault Found" failures are 
more interesting for further research than companies that do not recognize "No Fault 
Found" failures. 

4.3. Research Question 2 

The second research question is: 

1. 2. How are failures handled (Which level of attention is given to failures) in 
other industries? (Measured per company by the MIR method) 

The results related to this second research question , which are presented in table 6, 
will be discussed in the light of the selection of companies for the second part of the 
research. 

The way in which it is tried to answer the second research question, is by 
characterizing companies by the MIR method, in that way making a distinction 
between companies that give much attention to the handling of failures (which makes 
them more interesting for further research) and companies that give less attention to 
the handling of failures (which makes them less interesting for further research). 

4.3.1. Conclusion and impact on the second part of the research 

Two different things can be said about the way in which the survey helps focusing the 
research. 

Firstly, it helps in selecting companies for the second part of the research . In general 
it can be said that if companies give more attention to the handling of failures , it is 
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more probable that these companies are using methods to identify, solve or prevent 
failures. This means that, in relation to the aim of the first part of the research -to find 
a way to focus further research regarding the handing of failures in other industries -
companies that give most attention to the handling of failures should be focused on. 
Using this thesis as a selection method, it can be said that companies that have 
answered most questions of the first part of the survey with "YES", are most 
interesting for the second part of the research. 

Secondly, by identifying customer involvement in the tracing back of failures, and by 
identifying the ways in which this happens, it becomes clear where the focus has to 
lie when trying to identify methods to handle failures. The customer viewpoint is very 
important, since it is the customers that identify soft failures. This fact makes it very 
probable that methods involving customers will better be able to identify, solve and 
prevent soft failures than methods that do not involve customers. 

It turns out that customers are involved in many different ways, and the range 
regarding the PCP in which they are involved is also very large: it reaches from pre
market investigation to after-sales service. It may be clear that this gives a lot of 
opportunities for research, since different companies use customers in different ways 
to trace back problems. 

4.3.2. Selection of companies for the second part of the research 

It should be said that the weight that is placed on the factor "CF" (categorization of 
failures in hard failures and soft failures) as a measure to select companies for 
further research should not be too big . The question regarding the categorization of 
failures was namely: "are these failures categorized into soft failures and hard 
failures?" This does not mean that a different categorization is not applied, which 
means that it could well be that companies who have replied "no" to the question "are 
these failures categorized into soft failures and hard failures?" do have a different 
categorization. Therefore, the weight that is placed on it as a measure to select 
companies for further research should not be too big. 

On the basis of the survey results presented in table 6, the best companies for further 
research would be: companies A, B, G, Hand 0. 
However, a number of companies had already been asked to participate in the case 
studies before the questionnaire was sent. From these companies, the best one 
would be selected using research question 2. However, from all companies, only 1 
company participates (not based on explicit selection) in this research: company D. 
Since company D answered 7 of the 8 questions with a "YES", company D still is 
very interesting for the research. 

4.4. Survey Results: Research Question 3 

The second part of the survey discusses the characterization of industries, and the 
question whether or not soft failures appear in these industries. In this section, the 
second part of the survey is discussed, which is set up to give an answer to the third 
research question: 
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1.3. Can a relationship between certain industry characteristics and the 
appearance of soft failures be identified? 

4.4.1. Conclusion 

With the results from the survey, no relationship between the industry characteristics 
that are taken up in the survey and the appearance of soft failures can be identified. 
It is important to mention that this is not because there is no relation, but because of 
the fact that all companies that filled in the questionnaire recognized soft failures. 

Although a selection of industries only based on the appearance of soft failures can 
thus not be made, because of the fact that all industries identify soft failures , it should 
be said that a selection could be made on the basis of the industry characteristics. 
On the basis of the assumption that it is likely that companies with the same 
characteristics dealt with the same problems, it would be possible to select 
companies that strongly resemble the consumer electronics industry. Although 
innovativeness as a characteristic is less suitable for this purpose, since it is not 
entirely clear how many innovations (new to the market as well as incremental) the 
consumer electronics industry introduces on average per product line per year, the 
characteristics production type (standard, "off-the-shelf" products) and business 
process (B) , can be used. In this way, a selection still may take place using the 
survey, although the selection would not be based on a relation between industry 
characteristics and the appearance of soft failures . 
Another way of using the survey as a "selection tool" is by using the presumptions 
from section 3.2, that the number and appearance of soft failures is positively 
influenced by: 

A high level of innovativeness 
Production type: Standard products 
Business process: A or B 

4.4.2. Points of attention 

Two points have to be made clear before discussing the results further in terms of 
validity. 

Firstly it should be said that not all characteristics from the company survey 
(innovativeness, production type and business process) could be used to 
describe an industry industry-wide. It turns out that production type and 
innovativeness differ per company in an industry. All three characteristics are 
discussed regarding the question if they are industry characteristics or company 
characteristics. 

Business process: 
Business processes are the same in industry, since the products are the same. As 
can be seen in paragraph 3.2.4, the different business processes are linked to 
different product types. It has to be stated that companies that target the professional 
market and companies that target the consumer market are seen as operating in 
different industries. 

Innovativeness: 
Innovativeness is company dependable, since each company will decide for itself 
how innovative they want to be, and will therefore spend more or less money and 
effort on innovativeness (which will result in more new to the market and incremental 
innovations or less new to the market and incremental innovations). Furthermore, for 
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every industry, the general level of innovativeness is different. This means that a 
company with few innovations could still be very innovative within an industry, if only 
the industry in general is not innovative. 

Production type: 
The production type is also company dependable. It seems that, whereas some 
companies deliver fully standardized products, other companies deliver both 
customized and standard products. 

Thirdly, it should be said that the fact that the research question links the appearance 
of soft failures with industry characteristics - which is a "yes or no question" - makes 
the research question very rough. For future research, it could be interesting to 
research if industry characteristics do have an influence on the severity of the 
problem "soft failures". If the severity of the problem could be measured, then a 
possible relationship between the severity of the problem and industry characteristics 
could be researched. If such a relationship would exist, an indication of the severity 
of the problem "soft failures" could be given only by the identification of the industry 
characteristics. This indication could lead to the identification of the most interesting 
companies for further research, and thus to a better focus, only based on industry 
characteristics. This is because it is likely that industries in which the problem of soft 
failures is the most severe, will also give a lot of attention to the solving of the 
problem, which would make the companies in these industries more interesting for 
further research 

However, it should be said that it is very hard to find a good way to measure the 
severity of the problem "soft failures" in an industry. 

4.4.3. Discussion: external validity 

As already said, no relationship between industry characteristics and the appearance 
of soft failures can be identified. The discussion of the different industry 
characteristics will therefore only be in terms of the external validity with respect to 
the research results. Because of the fact that the response rate is not very high, this 
discussion will be superficial. 

Industry SF 
Innovativeness Production Business 

NTTM Incremental Type Process 

A ✓ 0 1 S&C B 

B ✓ 1-2 1-2 s B 

C ✓ 6 4 s B 

D ✓ 1-2 1-2 C B 

E ✓ 0 0 S&C A 

F ✓ 1 1 S&C B 

G ✓ 1-2 0-3 S&C B 

H ✓ 0-1 +/- 3 S&C B 

I ✓ 1 2 C B 

J ✓ 2-3 0 S&C B 

K ✓ 3 10 S&C B 
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L ✓ 0,2 

M ✓ 0 

N ✓ 2 

0 ✓ 0 

table 7: Survey results: characterization of industries 

Overall 

Maurits Houben 

0,6 s C 

3 C C 

4 S&C B 

1 s B 

In section 4.2, it has already been said about the external validity of the outcome that 
all companies recognize soft failures, that this conclusion cannot be generalized due 
to the low number of respondents. 

The external validity will also be looked at, for all different industry characteristics 
separately. It should be stated very clearly that this discussion is only in relative 
terms. 

Innovativeness 
It is very hard to categorize companies in terms of innovativeness. There are many 
differences in innovativeness, since companies have different numbers of 
innovations per year. Furthermore, there are great variations in the ways in which 
different companies are innovative. Whereas some companies introduce 6 new to the 
market and only 4 incremental innovations on average per year, others introduce 
only 3 new to the market, and 10 incremental innovations on average per year. 

The question is how to categorize companies on the basis of these numbers. The 
only way of using the characteristic innovativeness is by comparing companies 
amongst themselves. 

The external validity of this characteristic is very hard to judge, because of a lack of 
reference: there is no indication of what a high number of new-to-the
market/incremental innovations per year is, or of what a low number of new-to-the
market/incremental innovations per year is. 

Production Type 
The company distribution regarding the characteristic "production type" is as follows: 

Business Process s C S&C 
Number 4 3 8 

table 8: Company distribution regarding the characteristic "production type" 

Production type is a characteristic that cannot be applied industry wide and it will 
therefore be looked at from a company perspective. 

It can be said that the selection of companies regarding this industry characteristic is 
quite diverse (see table 8) : of the 15 companies that participated in the research, 4 
companies produced standard products, 3 produced customized products, and 8 
produced both. There is a number of "representatives" from all of the different 
possible production types, which has a positive result on the external validity of the 
results regarding this characteristic. 

Business Process 
The company distribution regarding the characteristic "business process" is as 
follows: 
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Business Process A B C 
Number 1 12 2 

table 9: Company distribution regarding the characteristic "business process" 

It should be said that the validity of the measurement of the characteristic business 
process is very questionable. 

Firstly, it has to be said that the characterization of business processes by 
Brombacher [Bro05] was not always viable. Although in most companies, the 
characterization of business processes on the basis of development time, 
economical lifetime and operational lifetime was possible, this was not always the 
case. In one case, it could even be said that a company had an A business process 
when looking at the difference between economical and operational lifetime, a B 
business process when looking at the product operational life, and a C business 
process regarding their development time(!) . 

Furthermore, most companies gave indications of development times, instead of 
exact numbers. Especially when dealing with 5-15 years as operational lifetime, it is 
very hard to identify the corresponding business process; it could be either B or C. 

Finally, it should be said that of all 15 companies (see table 9), 12 (!) have a business 
process that can be characterized as "B". Only three companies that responded to 
the survey do not have a "B" business process; 2 companies have a C business 
process, and 1 company has an A business process. The lack of "representatives" 
from all business processes has a negative effect on the external validity of the 
results regarding this industry characteristic. 
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5. Results from the Case Study 

In this chapter, the results from the case studies will be presented . The first section 
will present the results regarding the first research question of the second part. This 
first research question is: 

2. 1. What methods are used in the selected companies to identify, solve and 
prevent (soft) failures? 

Since the methods from other industries will provide the starting point for the 
identification of possible improvements, they are taken up in section 5. 1. The 
methods from company D (selected company, as already said, the only participating 
company) will be discussed using the following points of attention: 

Identification of the method 
The method as used in company Dis described shortly. 
Set-up of the method and involvement of customers 
The set-up of the method is described as well as the way in which customers 
are involved in the method, if they are involved. 
Timing of the method 
The time at which the methods are applied in the product creation process is 
presented. 
In this section , only the name of the phase in the PCP will be mentioned. The 
timing of all methods in the PCP as well as the PCP itself can be found in 
Appendix F: The Product Creation Process. A description can be found in 
table 10. 
Effectiveness regarding soft failures 
The way in which the method possibly is able to deal with soft failures is 
discussed . In order to do this, the aim of the method (to identify and/or solve 
and/or prevent failures) is firstly identified. 
Suitability for the consumer electronics industry 
The suitability for the method regarding appliance in the consumer electronics 
industry will be discussed. 

It should be said that both the effectiveness and the suitability are not judged based 
on criteria (although industry characteristics are taken into account), but only judged 
using the identification and description of the method, which makes the judgement 
less objective. 

The second research question aims at the identification of methods from the 
consumer electronics industry: 

2. 2. What methods are used in the consumer electronics industry to identify, 
solve and prevent (soft) failures? 

The methods from the consumer electronics industry are shortly mentioned in section 
5. 2. They are more elaborately discussed in Appendix D: Methods from the 
Consumer Electronics Industry. This elaborate discussion is left out of this chapter 
because they are only used as a reference. They are discussed in the same way as 
the methods from company D, with exception of the last point, "suitability for the 
consumer electronics industry" . They will be used, together with the identified 
methods from company D to answer the third research question: 

2.3. How can the methods from other industries help to improve the methods 
used in the consumer electronics industry? 
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Five points will be discussed regarding research question 2.3 (see section 5.3). 
These are: 

Suitability for the consumer electronics industry 
- Approximated effectiveness regarding soft failures 

Novelty of the method 
Different set-up of a method 
Different timing of a method 

It should be emphasized that no criteria have been found in literature for the 
judgement of methods whether or not they are suitable for the consumer electronics 
industry and/or effective against soft failures. Therefore, they are judged in this 
investigation on the basis of the identification and description of the method, which 
makes the judgement less objective. 

Nevertheless, the points "suitability for the consumer electronics methods" and 
"effectiveness regarding soft failures" will be used as first "selection criterion". 
A method could provide a possible improvement opportunity if a method is: 

Considered suitable for the consumer electronics industry AND 
- Approximated to be effective regarding soft failures 

After this first selection, the remaining methods (possible improvement opportunities) 
are compared with the methods from the consumer electronics industry. 

The comparison of the methods from both industries leads to the identification of the 
part that is new for the consumer electronics industry (either the total method, the 
set-up of a method or the timing of a method) in paragraphs 5.3.1, 5.3.2, 5.3.3 and 
5.3.4. Furthermore, the way in which the methods provide improvement opportunities 
will be discussed in these paragraphs. 

It has to be emphasized that only possible improvement opportunities can be 
identified. It cannot be said if these possible improvement opportunities indeed are 
real improvement opportunities, because of a number of limitations: 

1. It is not completely certain if {parts of) methods from other industries are 
suitable for the consumer electronics industry. The suitability of the (parts of) 
methods from other industries for the consumer electronics industry should be 
researched, in order to get certainty. 

2. The number of methods identified in the consumer electronics industry is 
limited. Because there is no way in making sure all methods are identified, it 
cannot be made sure that suggested improvements are not already being 
used in other methods in the consumer electronics industry. 

As already said, first (section 5.1) the methods identified in company D will be 
discussed. 

5.1. Company D: Methods 

This first section focuses at research question 2.1: 

2. 1. What methods are used in the selected companies to identify, solve and 
prevent (soft) failures? 

To answer this question, a company (company D) has been visited . It should be 
emphasized that the information that is presented in this chapter is based on 
interviews held in this company. The set-up of the interview can be found in Appendix 
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E: General Interview Set-up. The interviews have lead to a variety of information, 
which will be presented in this section . 

A generic representation of the product creation process is presented in Appendix 
F: The Product Creation Process (based on the generic product development 
process from Ulrich and Eppinger [Ulr00]), to be able to place the timing of the 
methods in the PCP. The phases in the PCP are described shortly in table 10. 

Phase name Description 
Planninq Phase in which ideas are qenerated 
Concept Needs of the market are identified, concepts are generated , and 
Development one or more concepts are chosen for further development 
System-Level The concept is further worked out. This results in a description 
Design of the product architecture, a geometric layout and a functional 

specification of each of the product's subsystems. 
Detail Design Detail design is the last step in the design of the product. In this 

step the complete specification of the geometry is presented as 
well as materials, tolerances and unique parts. At the end of this 
phase, the product is "ready" 

Testing and In this phase, tests are done with prototypes. These tests lead 
Refinement to insights in whether or not products work, and whether or not 

the product satisfies key customer needs. 
Production Ramp- In this phase, the workforce is trained to produce the products 
Up with the intended production processes. 
After-sales The phase "after-sales process" stands for all activities that are 
Process conducted after a product has been introduced to the market. 
table 10: Phase names and their associated description 

5.1.1. Prevention by investigation of customer demands (Method A) 

Identification 
One of the ways in which failures are prevented, is through thorough investigation of 
the customer demands and wishes in the beginning of the sales process. In this way, 
the wishes and demands of a customer are identified . 

Set-up and involvement of customers 
Firstly, in addition to the mapping of the demands and wishes, the company also tries 
to help the customer by trying to get a good view (through the dialogue with the 
customer) on the goal of the purchase. When the goal is known and analyzed, the 
company is able to support the purchase decision by giving advice, and by 
presenting a number of solutions. It is tried to keep information as objective as 
possible. In this way, the discrepancies between the expectations of the customer 
and reality can be minimized , which results in the minimization of problems for the 
customer. 

Secondly, the functionalities that can be expected from the solution are explicitly 
stated. By stating the functionalities in a short "functionality briefing" , a customer can 
explicitly check if his demands and wishes are met. 

Timing 
The product consists of a number of different standard components, which together 
make up most of the product and make customization possible. 
A possible customization will take place before the actual assembly of the products, 
but after the investigation. 
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Phase in the PCP: Detail design 

Effectiveness regarding soft failures 
This method is aimed at preventing failures. 
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The failures that can be expected to be prevented are only those caused by 
discrepancies between the functionality as the customer expects it, and the 
functionality, as it is available in reality. 
It is not expected that soft failures with other causes can be solved (for example soft 
failures caused by the complexity regarding usage of the product or for example 
caused by difference in usage in relation to earlier, comparable products) 

Suitability for the consumer electronics market 
It should be stated that a very thorough investigation on a per customer basis is not 
doable in the consumer electronics market. This is because of the fact that the 
consumer electronics market is a market in which a customer can make a choice 
from a number of "off-the-shelf', standard products, and that not each product can be 
tailored to each customer's individual wishes and demands. 

However, there is a part of the method that could possibly be used for improvement 
in the consumer electronics industry. As already said, functionalities are explicitly 
written down, for the customer to check and verify. A short "functionality briefing" 
could be a means to prevent the failures that are caused by the customer expecting 
other functionality. An explicit functionality briefing could be a possible improvement 
opportunity. 

The characteristic "production type", aiming at the difference between mass products 
and service and customized products and service, seems to play an important role in 
the suitability of the method for the consumer electronics industry. 

5.1.2. (Embedded) software solutions (Method B) 

Identification 
A second way to deal with failures is by using software solutions to solve problems 
that occur when the customer already bought the product. By replacing software, it is 
possible to use software as a way to solve soft problems regarding functionality that 
can be provided by software, or problems regarding customer-software interaction. 

Set-up and involvement of customers 
Software plays an important role in the machines that are sold by company D. A big 
advantage of software is that it can be very easily changed , and that additional 
software can also be added easily. These two characteristics make software very 
flexible and give a possibility to solve problems. This is done using two approaches: 
The first way is through the development of software by the mother company. 
The second way is through software from third parties. The solutions via software of 
third parties are stand-alone solutions. This software is not related to the hardware. 

It should be mentioned that the solution of problems via the development of software 
by the mother company takes a number of months, because the communication lines 
to the mother company are quite long. 
Furthermore, because of the many "stations" in the line of communication, it is hard 
to deliver the exact solution of a problem, since the person that solves the problem 
only has indirect information about the problem. This makes solving the problem 
much more difficult to do. 
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The failures are identified by the customer and communicated to the company, either 
in the after-sales phase, or at the end of the production ramp-up. In this way, the 
customer is involved . 

Timing 
There are two phases in which for this method to be used . First of all , customizations 
using software can done before assembling the product, but after the product is 
definitively sold . Phase in the process in Appendix F: The Product Creation Process, 
figure 6: (end of) Production Ramp-Up 
The second time at which it is possible to use software, is during the use of the 
product, in the early stage as well as in a later stage. 
Phase in the PCP: After-sales process 

Effectiveness regarding soft failures 
This method is aimed at preventing and solving failures. 
Only problems caused by customer-software interaction and by missing or wrong 
functionality that can be provided by software can be solved . 

Suitability for the consumer electronics market 
Since consumer electronics products are "off-the-shelf" products, it should be made 
easy to install new software on the products, so that not only companies can install 
new software, but customers themselves too. Software additions and adaptations 
could possibly provide a very interesting improvement opportunity, which should be 
considered . 
Again , the characteristic "production type" seems to play an important role regarding 
the suitability for the consumer electronics industry. 

5.1.3. Testing for software compatibility (Method CJ 

Identification 
The first type of testing is the testing that occurs in company D itself. This testing 
focuses on hard failures , and in particular on problems with software and 
compatibility of machines with different types of software. 

Set-up and involvement of customers 
The first type of testing aims at the compatibility of software with a network 
environment. In this type of test , customers are not involved. 

Timing 
This type of test takes place for new products that are not sold to any customer yet. 
Phase in the PCP: Testing and refinement 

Effectiveness regarding soft failures 
This method is aimed at identifying and solving failures. 
The aim of this testing is clearly to identify and solve hard failures , most importantly 
incompatibility with software. This means that this testing method is not suitable for 
identifying, solving or preventing soft failures. 

Suitability for the consumer electronics market 
As it is a test of mere compatibility with software, it may be possible to use this type 
of testing in the consumer electronics market too. However, it should be stated that 
this type of test is aimed at identifying hard failures, and as such it is not interesting 
for further consideration in this research. 
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5.1.4. Testing at the customer (prototype testing) (Method DJ 

Identification 
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The second type of testing takes place at the customer. This testing is aimed at 
testing new (embedded) functionality, or new technology, since the hardware almost 
does not change any more. 

Set-up and involvement of customers 
The set-up of the test is aimed at the testing of new functionalities and technology, to 
see if it works properly. The participating customers are customers: 

With whom the company has a longstanding relationship 
That may have asked for the additional functionality/technology 

The persons involved in the tests are mostly the key users (persons that are going to 
use the product most often) and the technically involved (e.g. people from technical 
service/maintenance). 

For the testing itself, no explicit set-up or procedure is used. The involved people use 
the product, and will ask questions regarding the product and it's functioning. 
Furthermore, developers from the mother company visit the customer every week. 
The users can also generate and talk about new ideas and suggestions regarding 
future products. 

Timing 
The test using takes place for one to a number of months, during which time a 
number of changes or additions to the product can be made. 
Phase in the PCP: Testing and refinement 

Effectiveness regarding soft failures 
This method is aimed at preventing failures. 
By talking to the customer, and involving him in the product development process, it 
is possible to prevent soft failures from happening. 
Soft failures that are caused by customer expectations can be prevented, because of 
the better identification of customer expectations, in the products under development 
as well as in future products. 
Furthermore, the new ideas and suggestions can be used in future products. 

Testing prototypes with customers can lead to the identification of many different 
kinds of soft failures, since the method very much resembles actual usage of a 
product, which presumably causes most types of soft failures. 

Suitability for the consumer electronics market 
This method could probably be used in the consumer electronics market and could 
therefore possibly provide an improvement opportunity. The most important reason 
for this is that it takes place right after a new product is developed, and that the 
number of testing customers is relatively low; not all customers will test the product. 

5.1.5. Failures and solutions database (Method E) 

Identification 
By registering problems and their solutions from the field by field engineers, a 
database can be set up containing data about problems and their solutions. The 
information from this database can be used by a call-centre to help people that call to 
the centre with a problem, since the problem and its solution are possibly available in 
the database. 
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Set-up and involvement of customers 
When failures are reported back to the company, then they are firstly dealt with by a 
first-line call-centre. A list of failures that occur more often exists, and this list is used 
to try to solve the problem via telephone. If the first line helpdesk is not able to cope 
with the problem, the problem is put through to a second line helpdesk, after which 
the problem is put through to a field engineer. 
When the field engineer solves the problem , he is able to add the description of the 
problem together with its solution to the list of failures used by the call-centre. If the 
same problem occurs another time, the call centre will be able to deal with it , since it 
has the possibility to consult the list. 
The involvement of the customer is through the communication of his or her 
problems to the call centre and later to the field engineer. 

Timing 
The database is set-up using : 

1. Results from tests that are done before the product is released unto the 
market. 

2. Technical information from the field engineers (see method F). If they identify 
a problem that occurs more often, it is taken up in the database. 

The database is used during the use of the product by the customer. 
Phase in the PCP: After-sales process 

Effectiveness regarding soft failures 
This method is aimed at solving failures. 
The effectiveness of using a database with problems and their solutions for soft 
failures is dependent on the extent to which soft problems are standard , since unique 
problems cannot be made available in a database, since they are only dealt with 
once. Therefore, the condition for a database to be a very useful tool to solve soft 
problems is, that soft problems are, to a large extent, standard. 

Suitability for the consumer electronics market 
If it would be possible to use a failure and solutions database, it would be very 
interesting , since a large audience can be reached at the same time. Therefore, a 
failures and solutions database could be a possible improvement opportunity. 
A drawback however, is that for consumer electronics goods there is no such thing 
as a "field engineer", which means that the database cannot be filled by the 
engineers. All soft problems with their solutions in the database should be generated 
in another way. Furthermore, it should be noted, that it is not clear how easily soft 
problems, and how easily their solutions can be identified. 

The characteristic "production type", aiming at the difference between mass products 
and service and customized products and service (field engineers) , seems to play an 
important role in the suitability of the method for the consumer electronics industry . 

5.1.6. Problem solving by field engineers (Method F) 

Identification 
Problem solving by field engineers is the solving of problems in the field by engineers 
that pay visits to customers that experience problems with their products. 
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Set-up and involvement of customers 
First, the call-centre (first line and second line; see paragraph 5.1.5) tries to solve the 
problems. If the call-centre is not able to solve the problem, engineers go to the 
customer. When they arrive, they try to solve the problem for the customer by: 

Solving a hard failure 
Explaining the limitations of the product to the customer 
Solving a soft problem by instructing the customer 

The involvement of the customer is through the communication of his or her 
problems to the call centre and later to the field engineer. 

Timing 
Phase in the PCP: After-sales process 

Effectiveness regarding soft failures 
This method is aimed at identifying and solving failures. 
The engineer visits the customer, and if he is able to identify the problem very clearly, 
soft failures may be identified and solved. However, it should be said that engineers 
should be aware of the fact that such a thing as a soft failure exists. This is because 
an engineer could otherwise be trying to solve a hard problem that is in fact a soft 
problem. It should be possible to solve some kinds soft failures (for example 
problems with the use of the product) using this method, but it is not clear exactly 
which kind of failures can be solved, and which cannot be solved. 

Suitability for the consumer electronics market 
For this method to work, field engineers are necessary. Since the number of 
consumer electronics products that is sold is very large, it is not feasible to send a 
field engineer to customer's homes to solve the problem, this would simply cost too 
much. Therefore, this method is not suitable for the consumer electronics market. 

5.2. Consumer Electronics Industry: Methods 

This second section very briefly deals with research question 2.2: 

2. 2. What methods are used in the consumer electronics industry to identify, 
solve and prevent (soft) failures?? 

As already said in the beginning of this chapter, the methods from the consumer 
electronics will not be elaborated on in this chapter However, in order to compare 
them with the remaining, suitable methods from the other industry (for research 
question 2.3, see next section), they are mentioned underneath: 

Testing with the customer (I) (method G) 
Testing with the customer (II) (method H) 
Identifying customer (dis)satisfaction (method I) 
Identifying customer needs and expectations (method J) 
Concept evaluation (method K) 
Testing for subjective factors (method L 1 and L2) 
Identifying (dis)satisfaction (method M) 

These methods are dealt with in detail in Appendix D: Methods from the Consumer 
Electronics Industry. 
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5.3. Possible Improvement Opportunities: Comparison of Industries 

In order to answer research question 2.3, a comparison between the different 
industries (consumer electronics industry and the industry of company D) has to be 
made, research question 2.3 being : 

2. 3. How can the methods from other industries help to improve the methods 
used in the consumer electronics industry? 

The starting point of view is that of the methods from other industries. The points 
"suitability for the consumer electronics methods" and "effectiveness regarding soft 
failures" will be used as first "selection criterion". A method provides a "possible 
improvement opportunity if (a part of) a method is considered : 

Suitable for the consumer electronics industry AND 
Approximated to be effective regarding soft failures 

If it is not suitable and/or is not approximated to be effective regarding soft failures, 
then it will not be taken into account for question 2.3. 
This distinction will be made based on the discussion of the methods from company 
D in section 5. 1. 

After this, the remaining methods from company D are compared with the methods 
from the consumer electronics industry (see Appendix D: Methods from the 
Consumer Electronics Industry) . This comparison leads to the identification whether: 

The total method is new 
The set-up of a method differs 
The timing of a method differs. 

This identification is represented in table 1. This table is based on the elaboration on 
the comparison of methods from both industries in paragraphs 5.3.1, 5.3.2, 5.3.3 and 
5.3.4. In these paragraphs, firstly , under the header "novelty", the new part of the 
method will be described . If a total method is new, the way in which the method could 
provide an improvement opportunity will be discussed. If part of a method is new, 
then this part will be discussed , as the part then presents the possible improvement 
opportunity. Secondly, under the header "improvement opportunity", the way in which 
the method presents a possible improvement opportunity is described . 

The different columns of table 1 and their meaning will be discussed underneath: 
Suitable for CE industry 
Based on section 5. 1, it is identified whether or not the method from company 
D is suitable for the consumer electronics industry. 
Effective against soft failures 
Based on section 5. 1, it is identified whether or not the method from company 
D is approximated to be effective regarding soft failures . 
Available in CE industry 
This column identifies if a method of the same kind is already available in the 
consumer electronics industry. 
Different set-up 
In this column, it is presented if a method, if it is already known in the 
consumer electronics industry , has a different set-up or way of involving 
customers than the kind of method already known in the consumer 
electronics industry. 
Different timing 
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In this column, it is presented if a method, if it is already known in the 
consumer electronics industry, has a different timing than the kind of method 
already known in the consumer electronics industry. 
Improvement opportunity 
This column identifies if a method provides possible improvement 
opportunities or not (if a method is both suitable for the consumer electronics 
industry and approximated to be effective regarding soft failures and either is 
entirely new for the CE industry, or has a different set-up or timing) 

Suitable 
Effective 

Available 
Possible 

Method for CE 
against 

in CE 
Different Different improve-

industry 
soft 

industry 
Set-up timing ment 

failures ODDOrtunitv 
A: prevention by 

✓ ✓ X X X ✓ investigation 
B: (embedded) 

✓ ✓ X X X ✓ software solutions 
C: Testing for 
software ✓ X X X X X 
compatibility 
0: testing at the 
customer ✓ ✓ ✓ ✓ X ✓ 
(prototype testing) 
E: failure and 

✓ ✓ X X X ✓ solution database 
F: problem solving X ✓ X X X X 
by field engineers 
table 1: overview of possible improvement opportunities based on identified methods from 
other industries 

As already said, the novelty of a method, as well as the way in which (part of) the 
method could provide a possible improvement opportunity will be discussed in the 
next four paragraphs. 

5.3.1. Possible improvement opportunity I (Method A) 

Novelty 
In the after-sales process, there are two existing methods available for the consumer 
electronics industry. Both aim at the identification of (dis)satisfaction, based on the 
use of the product. A "functionality briefing" (or a similar method), which would be 
available at the time of purchase, is, in this research, not identified in the consumer 
electronics industry. A "functionality briefing" would be able to prevent soft failures 
caused by discrepancies between the expected functionality and the available 
functionality. Therefore, a functionality briefing could be a valuable addition to the 
methods already available in the consumer electronics industry. 

Possible improvement opportunity 
A short "functionality briefing" could be a means to prevent the failures that are 
caused by the customer expecting other functionality. An explicit "functionality 
briefing" is therefore something which could be considered further. Such a briefing 
should not only mention the functionality that the product possesses, but also the 
functionality that the product lacks. 
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5.3.2. Possible improvement opportunity II (Method B) 

Novelty 

Maurits Houben 

As a possibility, software updates are very interesting for the future. Through 
software updates, a number of soft failures could be prevented and/or solved. 
Condition is of course that the soft failure can be solved by software. 
In this research , the use of software as a solution for soft failures in the consumer 
electronics industry has not been identified . 

Possible improvement opportunity 
For consumer electronics products for which it is possible to add or change software, 
this method could provide a possible improvement opportunity. This is because it is 
could be that it is possible to change the customer-software interaction or change or 
add functionality through software changes or additions. 

5.3.3. Possible improvement opportunity Ill (Method D) 

Novelty 
This method involves the testing of new products. The novelty regarding the testing 
procedure in other industries lies in a different set-up of the testing method. 

Possible improvement opportunity 
When looking at method H (testing with the customer) , it turns out that the only 
possible improvement opportunity lies in the fact that the people that participate in 
the test are the key-users. It could be that involving key-users leads to better results 
than involving people characterized by the model of Rogers [Rog03], adopted from 
[Uit04] as "early adopters" and "early majority". 

5.3.4. Possible improvement opportunity IV (Method E) 

Novelty 
A database containing often occurring failures and their solutions would be a very 
viable opportunity. In this research , the use of such a database in the consumer 
electronics industry has not been identified . 

Possible improvement opportunity 
Using a database as a means to provide solutions is a way to have knowledge about 
problems and their solutions available in short time, and with that knowledge, a 
solution . In this way, such a database could present a possible improvement 
opportunity. 
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6. Conclusions and Recommendations 

In this chapter, the conclusions regarding the two research parts will be discussed. 
Furthermore, recommendations will be discussed, keeping the goals of both parts of 
the research as well as the research method and process in mind. 

6.1. Conclusions from the Survey 

In this section, the conclusions regarding the research questions from the first part of 
the research will be discussed shortly. Each research question will be discussed 
separately. 

1. 1. Are soft failures being recognized in other industries than the consumer 
electronics industry? 

As already mentioned in section 4. 2, on the basis of the survey results it can be 
concluded that the answer to this first research question is: yes. This conclusion can 
be drawn for 15 companies, from 9 different industries. 
Soft failures are known in all surveyed companies; soft failures being defined as 
mentioned before: 
"A soft failure is identified when a customer is dissatisfied with a product, without 
there being a technical failure in the product. So, a soft failure is a failure in a product 
that completely lives up to its specifications" 

-
1. 2. How are failures handled (Which level of attention is given to failures) in 

other industries? (Measured per company by the MIR method) 

The outcomes of this research question will only be shortly discussed here. An in
depth discussion of the attention that companies give to soft failures, is presented in 
section 4. 2 and section 4. 3. 
The handling of failures is described using the MIR levels from Brombacher [Bro99] 
as a guideline. Furthermore, the recognition of No Fault Found and soft failures is 
taken into account, as well as the questions whether or not a company categorizes 
its failures into hard and soft failures and whether or not the customer is involved in 
the identification of failures. 
It can be said that, the more MIR levels a company indicates that it has, and the 
more of the other questions it can answer with a "yes", the more interesting a 
company becomes. It can therefore be said that, on the basis of table 7, that 
companies A, B, G, H and O would be the most interesting for further research, 
because of the fact that they have answered all questions with a yes. However, 
because of practical limitations, company D has been involved in the second part of 
the research. 

1. 3. Can a relationship between certain industry characteristics and the 
appearance of soft failures be identified? 

For an in-depth discussion of the conclusions regarding this research question, see 
section 4.4. 

Central aim of the first part of the research is to find a way to focus further research 
regarding the handling of soft failures. This is done by trying to create a "selection 
tool" for companies that are interesting for future research. Such a "tool" should be 
obtained by researching a possible relationship between the appearance of soft 
failures and industry characteristics. Companies that identify the problem of soft 
failures would be more interesting for further research than other companies. The 
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selection could then be based on industry characteristics. However, no relationship 
between industry characteristics and the appearance of soft failures could be 
identified because of the fact that all companies that filled in the survey recognize the 
problem of soft failures. 

Although a selection of industries only based on the appearance of soft failures 
cannot be made, because of the fact that all industries identify soft failures , it should 
be said that a selection could be made on the basis of the industry characteristics. 
They could be based on similarities with the consumer electronics industry: 

Production type: standard products 
Business process: B (consumer products) 

Or using the presumptions from section 3.2, that the number and appearance of soft 
failures is positively influenced by: 

A high level of innovativeness 
Production type: Standard products 
Business process: A (high tech products) or B (consumer products) 

6.2. Conclusions from the Case Study 

The answers to the first two research questions of the second research part will only 
be shortly discussed in this section , since they are posed as sub-questions to answer 
the third research question. The in-depth discussion of these questions can be found 
in section 5. 1 and in Appendix 0: Methods from the Consumer Electronics Industry. 

2. 1. What methods are used in the selected company to identify, solve and 
prevent (soft) failures 

2. 2. What methods are used in the consumer electronics industry to identify, 
solve and prevent (soft) failures? 

The methods identified in company D are: 
Prevention by investigation of customer demands (Method A) 
(Embedded) software solutions (Method B 1 and B2) 
Testing for software compatibility (Method C) 
Testing at the customer (prototype testing) (Method D) 
Failures and solutions database (Method E) 
Problem solving by field engineers (Method F) 

The methods identified in the consumer electronics industry are: 
Testing with the customer (I) (method G) 
Testing with the customer (II) (method H) 
Identifying customer (dis)satisfaction (method I) 
Identifying customer needs and expectations (method J) 
Concept evaluation (method K) 
Testing for subjective factors (method L 1 and L2) 
Identifying (dis)satisfaction (method M) 

The third research question tries to give a view on the way in which methods from 
other industries could provide improvements for methods in the consumer electronics 
industry. 

2. 3. How can the methods from other industries help to improve the methods 
used in the consumer electronics industry? 

Four possible improvement opportunities are identified in this research : 
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1. A functionality briefing ( see paragraph 5. 3. 1) 
A functionality briefing could be a valuable addition to the methods already 
available in the consumer electronics industry, since this could prevent 
problems regarding discrepancies between expected functionalities and 
available functionalities. 

2. Software updates (see paragraph 5.3.2) 
Providing software updates could solve soft problems caused by the 
interaction with the software and/or by a wrong or missing functionality that 
can be provided by software. 

3. Testing with key-users (see paragraph 5.3.3) 
The people that do the testing of products and prototypes (test users) in the 
consumer electronics industry can be characterized by the model of Rogers 
[Rog03], adopted from [Uit04] as "early adopters" and "early majority". The 
possible improvement opportunity is provided by the use of key-users as test 
users. 

4. A database with failures and their solutions (see paragraph 5.3.4) 
Since there is no database available for problem solving in the consumer 
electronics market, this could be a valuable addition to the already existing 
methods. 

For an in-depth discussion of all possible improvement opportunities, see section 5.3. 
Two limitations regarding the outcomes of the third research question of the second 
part of the research should be discussed: 

1. It is not completely certain if (parts of) methods from other industries are 
suitable for the consumer electronics industry. 

2. The number of methods identified in the consumer electronics industry is 
limited. 

6.3. Recommendations for Further Research based on Research Part 1 

It should be mentioned that the recommendations are made per research part in 
order of their importance. 
For the recommendations for further research, the research questions should be 
looked at. 

Research questions 1.1 and 1.3 try to identify a relationship between industry 
characteristics and the appearance of soft failures, to find a way in which the most 
interesting companies for further research can be identified on the basis of their 
characteristics. In this way, the effectiveness of further research can be improved. 

Such a relationship could not be identified. However, the presumption is that the 
characteristics do have an influence on the appearance of soft failures. Therefore, it 
would be interesting to research the measure (severity) of this influence. Since this 
aims at one of the research goals of the first part of the research - to find a "selection 
tool" with which it would be possible to select the most interesting companies - this is 
the most important recommendation from the first part of the research: 

Research a relationship between the severity of the problem of soft failures 
and industry characteristics 

A second recommendation aims at the validity of the research. The first part of the 
research has a very broad scope. This means that a large number of companies from 
diverse industries should participate. In this research, the number of participating 
companies is small, and their diversity is small too. This has a negative influence on 
the validity of the research. To increase the validity of the research, the 
recommendation is to: 
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Diversify and increase the participating research population further: get a 
larger number of companies from a larger number of different industries to 
participate. 

These recommendations will be further discussed in the next two paragraphs. 

6.3.1. Research a relationship between the severity of the problem of 
soft failures and industry characteristics 

The most important recommendation based on the outcomes of the first part of the 
research , is the recommendation to shift the research focus from "a relationship 
between industry characteristics and the appearance of the problem soft failures" to 
"identifying a relationship between industry characteristics and the severity of the 
problem soft failures". 

As already said , a relationship between industry characteristic and the appearance of 
soft failures could not be found , not because there is no relation , but because of the 
fact that all companies that filled in the questionnaire recognized soft failures. 
However, it could be that not the appearance of soft failures (which is a yes or no 
question, and therefore a very crude differentiation) , but the measure in which these 
failures present a problem (which is a continuous variable) should be researched . 

This shift in research focus could lead to the identification of a relationship between 
the severity of the problem and industry characteristics. Such a relationship would be 
interesting , since industries where the severity of the problem is great, would be 
more interesting for further research than industries in which the severity is only 
small. This is because the severity of the problem could give an indication on the 
attention that the problem gets, and more attention would probably mean better 
methods to deal with the problem. 

If such a relationship would exist, an indication could yet be given on how interesting 
a company would be for research, purely based on company characteristics, which 
could then serve as a "selection tool ". 

6.3.2. Diversify and increase the participating research population 

Only a small number of companies participated in the research. Furthermore, the 
diversity between the participating companies was also small. An example is the 
diversity in types of business process: from all 15 companies, there were 12 
companies with the 8 typology, only 2 with the C typology and 1 with the A typology. 
On the basis of such numbers, no indications can be given on the influence that the 
business process has on the appearance of soft failures. 

A larger and more diverse population would result into more diverse and a larger 
number of outcomes, which would have a positive effect on the validity of the 
research and its conclusions. Means should be sought to increase the number and 
diversity of companies that participate in the research . 

6.4. Recommendations for Further Research based on Research Part 2 

It should be mentioned that in this section too, the recommendations are made in 
order of their importance. 
The second part of the research in general , and in particular research question 2.3 
focuses on the identification of possible improvement opportunities for methods from 
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the consumer electronics market, through the analysis of methods used in other 
industries. However, there are limitations on this research: 

1. It is not completely certain if {parts of) methods from other industries are 
suitable for the consumer electronics industry. 

2. The number of methods identified in the consumer electronics industry is 
limited. 

These limitations make it uncertain to what extent the possible improvements 
identified in this research are real improvements. This uncertainty about the possible 
improvements should be reduced, which leads to the most important 
recommendations from both parts of the research: 

Research the applicability of (parts of) methods from other industries in the 
consumer electronics industry 
Make the range of methods from the consumer electronics industry more 
complete 

Furthermore, one last recommendation is aimed at the range of methods identified in 
the other industry. The methods in the other industry are mainly focused at the back 
end of the PCP, just before or in the after-sales process (see Appendix F: The 
Product Creation Process) . To identify methods in a larger range of the PCP, 
companies participating in the research should also incorporate their own 
development. Therefore, the following recommendation is made: 

Include companies that incorporate their own development in the research 

These three recommendations for further research will be discussed in the next 
paragraphs. 

6.4.1. Research the applicability of (parts o'f) methods from other 
industries in the consumer electronics industry 

This recommendation should be looked at in two ways. 
Firstly, it could be researched if the improvement opportunities that are identified in 
this research really could be applied in the consumer electronics industry. This would 
mean: 

Researching if the method (or a method of the same kind) does not exist in 
the consumer electronics industry 
Researching if the identified methods are suitable for the consumer 
electronics industry. 

Secondly, it is not clear how well possible improvements can be copied to the 
consumer electronics industry in general. Since the major goal of the second part of 
the research is to find improvement opportunities for the consumer electronics 
industry, this should be investigated further. Possibly, the conditions could be 
researched under which a (part of a) method can be used in the consumer 
electronics industry. Another possibility is to research criteria for the for the suitability 
of methods from other industries for the consumer electronics industry 

6.4.2. Make the range of methods from the consumer electronics 
industry more complete 

This suggestion is quite straightforward. Although the total PCP is covered, it is not 
sure, as already mentioned, if all relevant methods used in the consumer electronics 
industry are identified. This makes giving indications for opportunities of improvement 
hard, since there is no certainty if such a method is not already being applied in the 
consumer electronics industry. If the range of methods identified in the consumer 
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electronics industry would be more complete, the uncertainty about the extent to 
which possible improvements identified in this research are real improvements could 
be reduced. 

6.4.3. Focus the researching at companies that incorporate their own 
development 

In this research , the methods identified in the other industry are mainly focused at the 
back end of the PCP, just before or in the after-sales process (see Appendix F: The 
Product Creation Process) . To identify methods in a larger range of the PCP, 
companies participating in the research should also incorporate the development 
stage of the PCP (for example planning and concept development) . 

Companies that develop their own products, not only have methods available from 
the after-sales process, but they also have methods available from the development 
stage. These companies try to develop good products, and thus try to prevent 
failures from happening . Since the probability is high, that these companies have 
more methods to deal with (soft) failures , this makes companies that incorporate 
development more interesting for future research (regarding the handling of soft 
failures) than other companies. 
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Appendix A: Company Survey 

Introductory letter 

Beste heer/mevrouw, 

Maurits Houben 

In het kader van mijn afstudeerwerk aan de Technische Universiteit van Eindhoven, 
wilde ik uw aandacht vragen voor het volgende. 

Het centrale onderwerp van mijn afstudeeronderzoek is "test technieken". Speciale 
aandacht gaat uit naar het identificeren en verwerken van zogenaamde "zachte 
fouten". Onder zachte fouten wordt het volgende verstaan: 
Een product heeft een zachte fout wanneer, ondanks dat het volledig aan de 
gestelde specificaties voldoet, klanten toch klagen over het product. Er is dan sprake 
van een mankement dat niet terug te traceren valt naar een technisch mankement 
binnen de specificaties. Deze zachte fouten staan in contrast met harde fouten: een 
product met een harde fout voldoet niet aan de specificaties en vertoont een 
technisch mankement. 
De aard van een klacht over een "zachte fout" kan liggen in de kwaliteit, maar ook 
bijvoorbeeld in het gebruiksgemak, of de functionaliteit van het product (of het 
ontbreken hiervan) 

Het onderzoek heeft zich tot nu toe vooral gericht op producten in de consumenten 
elektronica. Echter, mijn onderzoeksopdracht is gericht op het in kaart brengen van 
vergelijkbare test technieken in andere industrieen. Ten eerste omdat er nog maar 
weinig bekend is over dit onderwerp binnen andere industrieen dan de consumenten 
elektronica, en ten tweede om te zien of het fenomeen "zachte fouten" zeals 
hierboven beschreven, ook herkenbaar is in andere industrieen. 

Graag zou ik u willen vragen of u mee zou willen werken aan mijn onderzoek door 
een vragenlijst in te vullen . Het doel van deze vragenlijst is om een beeld te krijgen in 
welke industrieen zachte fouten een rol spelen en om de industrieen te 
karakteriseren aan de hand van een aantal factoren. Het spreekt voor zich dat 
verstrekte informatie vertrouwelijk zal worden behandeld. 

In afwachting van uw antwoord verblijf ik, 

Hoogachtend, 

Maurits Houben 
Gemertseweg 23 
5761 CA Bakel 

M.J.H.A.Houben@student.tue.nl 
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Introductory letter: English translation 

Dear sir/madam , 

Maurits Houben 

Regarding my graduation research at the University of Technology in Eindhoven, 
wanted to ask your attention for the following . 

The central theme of my graduation research is "test techniques". Special attention 
goes out to the identification and processing of so-called "soft failures". Soft failures 
are described as follows: 
A product has a soft failure when , despite the product totally satisfying its 
specifications, customers still complain about the product. A failure occurred which it 
is impossible to trace back to a technical failure within specifications. These soft 
failures are in contrast with hard failures : a product with a hard failure does not meet 
its specifications and shows a technical failure. 
The cause of a complaint about a "soft failure" can lie in the quality, but also in e.g. 
the ease-of-use, or the functionality of the product (or the missing of functionality) 

Research until now has focused on products in the consumer electronics industry. 
However, my research assignment is focused on the mapping of comparable testing 
techniques in other industries. Firstly because very little is known about this subject 
within other industries than the consumer electronics industry, and secondly to see if 
the phenomenon "soft failures", as described above, is also recognizable in other 
industries. 

I would like to ask you if you would cooperate in my research by filling in this 
questionnaire. The goal of this questionnaire is to get a view on in which industries 
soft failures play a role and to characterize the industries by a number of factors. It 
may be clear that all information will be processed confidentially . 

Yours sincerely, 

Maurits Houben 
Gemertseweg 23 
5761 CA Bakel 

M.J.H.A.Houben@student.tue.nl 
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Survey 

De vragenlijst is atgedrukt in de vorm van een tabel. 
In de vragenlijst staat telkens eerst het hootdonderwerp cursiet en dikgedrukt. 
Hieronder staan de vragen die betrekking hebben op het onderwerp normaal 
atgedrukt. 
Naast de vragen is een open ruimte voor de beantwoording van de vraag. 

Alvorens deze vragenlijst in te vullen, graag uw aandacht voor de volgende 
begrippen, die van belang zijn bij het invullen van de vragenlijst: 

No Fault Found: 
Er is sprake van "No Fault Found", wanneer een product wordt teruggebracht 
met een mankement, het binnen specificaties is, maar wanneer er geen tout 
wordt gevonden. Het kan daarbij gaan om een eenmalige toutmelding, maar 
het kan ook gaan om een aspect aan het product dat niet gespecificeerd is. 

Zachte fouten: 
Er is sprake van een zachte tout wanneer een klant ontevreden is over een 
product, zonder dat er sprake is van een technisch mankement. Een zachte 
tout is dus een tout in een product dat wel aan de speciticaties voldoet. 

Harde fouten: 
Er is sprake van een harde tout wanneer een product een technisch 
mankement vertoont; een mankement binnen de specificaties. 

Economische /evensduur: 
De gemiddelde tijd waar het gerechtvaardigd is om een product voor 
economische redenen the vervangen 

Operationele /evensduur: 

De gemiddelde tijd die het duurt voor een product om het eind van het leven 
te bereiken vanwege technische mankementen 

"Nieuw voor de markt" innovatie: 
Een product is "nieuw voor de markt" wanneer het om de introductie gaat van 
een nieuwe productlijn; een productlijn die eerder nog niet bestond 

lncrementele innovatie: 
Een product is een incrementele innovatie wanneer het gaat om een 
innovatie binnen een productlijn 

Massa productie: 
Van massa productie is sprake wanneer het gaat om gestandaardiseerde 
producten waar de klant geen invloed op heeft 

Customized producten: 
Van customized producten is sprake wanneer een klant invloed kan 
uitoetenen op het gewenste eindresultaat. Een product verkregen uit mass 
customization is in deze dus een voorbeeld van een customized product. 
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Survey: English translation 

The questionnaire is put in a table. 
In the questionnaire each main subject is printed in bold and italic. 
Under this , the questions regarding the subject are printed normally. 

Maurits Houben 

Next to the questions there is an open room for the answering of the question. 

Before filling in this questionnaire, I would like to have your attention for the following 
concepts, which are of importance when filling in the questionnaire. 

No Fault Found: 
"No Fault Found" turns up when a product is being returned with a failure , 
when it is within specifications, and when no failure is found . It could be that a 
failure only turns up once, but it could also be an aspect of the product that is 
not specified . 

Soft failures 
A soft failure exists when a customer is dissatisfied about a product, without 
there being a technical failure . Thus, a soft failure is a failure in a product that 
does meet its specifications. 

Hard failures: 
A product with a hard failure does not meet its specifications and shows a 
technical fa ilure. 

Economical lifetime: 
The average time in which it is justified to replace a product for economical 
reasons. 

Operational lifetime: 
The average time that it takes for a product to reach the end of its life 
because of technical failures. 

"New to the market" innovation 
A product is "new to the market" when it is an introduction of a new product 
line, a product line that did not exist earlier. 

Incremental innovation 
A product is an incremental innovation when it is an innovation within a 
product line. 

Mass production: 
Mass production products are standardized products, on which the customer 
has no influence. 

Customized products: 
Customized products are end products on which the customer can have 
influence. A product from mass customization is thus an example of a 
customized product. 
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Questionnaire 

Bedrijf en Product 

Wat produceert uw bedrijf? 

Zachte fouten 

Herkent u het probleem "No Fault Found"? 

Herkent u het probleem "zachte fouten"? 

Hoe wordt hiermee binnen uw bedrijf omgegaan? 

1. Wordt er gemeten hoeveel fouten (algemeen: zowel harde 
als zachte fouten) er optreden bij producten? 

2. Worden deze fouten gecategoriseerd in harde en zachte 
fouten? 

3. Wordt er een analyse gemaakt van de fouten: welke soort 
fout (hard, zacht, No Fault Found), er waar in het product 
optreedt? 

4. Worden de fouten in het product beheerst? (worden de 
oorzaken gezocht, gevonden, en eventueel ook opgelost?) 

5. Worden er maatregelen genomen om fouten pro-actief te 
voorkomen op basis van bestaande producten en 
processen? 
6. Wordt de klant betrokken bij het opsporen van fouten? 

Op wat voor manieren gebeurt dit? 

lnnovativiteit: 

Hoeveel "nieuw voor de markt" innovaties introduceert u 
gemiddeld per jaar per productlijn? 

Hoeveel "incrementele" innovaties introduceert u gemiddeld 
per jaar per productlijn? 

Productieproces 

Zijn de producten die u produceert: 

1. Standaard producten 

2. Customized producten 

Bedrijfsproces 

Hoe lang is de gemiddelde economische levensduur van uw .. .. jaar 
producten? 
Hoe lang is de gemiddelde operationele levensduur van uw .... jaar 
producten? 

Hoe lang is de gemiddelde ontwikkelingstijd per nieuw .... jaar 
product (voor de markt)? 
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Questionnaire: English translation 

Company and product 

What does your company produce? 

Soft failures 

Is the problem "No Fault Found" recognizable? 

Is the problem "Soft failures" recognizable? 

How does your company deal with this? 

1. Is the number of failures (in general : hard as well as soft 
failures) measured that turns up in products? 

2. Are failures being categorized into hard and soft failures? 

3. Is an analysis made of the failures : which kind of failure 
(hard , soft , No Fault Found) turns up at which place in the 
product? 

4. Are the failures in the product being controlled? (are 
causes sought, found and eventually also solved) 

5. Are measures being taken to pro-actively prevent failures 
based on existing products and processes? 

6. Is the customer involved in the identification of failures? 

In what ways does this happen? 
I 

Innovativeness: 

How many "new to the market" innovations do you introduce 
on an average per year per product line? 

How many "incremental" innovations do you introduce on an 
average per year per product line? 

Production process 

Are the products that you produce: 

1. Standard products 

2. Customized products 

Business process 

What is the average economical lifetime of your products? .... Years 

What is the average operational lifetime of your products? .... Years 

What is the average development time per new product (for 
.... Years the market)? 
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Appendix B: Innovativeness 

In this appendix, a complete discussion is given regarding the four different sub
levels of the innovativeness typology introduced by Garcia and Calantone [Gar02] 

Macro perspective versus Micro perspective 

The first level of innovativeness typology [Gar02] makes a distinction in the 
perspective on the newness of a product. 

To get a good view on the difference between the different perspectives on 
innovation, the following examples can be used: 

New to the world: Steam engine, telegraphy, world wide web 
New to the industry: Walkman, Apple computer 
New to the market: Compact disc, antilock breaks, nylon material (not yet 
existing in the market) 
New to the firm: New suppliers, new marketing or R&D strategy, new sales 
approach (existing in the market, yet new for the company) 
New to the customer: customer dependent (not identifiable by a company) 

Where the macro perspective takes the view of new to the world, new to the industry, 
or new to the market, the micro perspective takes the view of new to the company or 
new to the customer. The choice at first glance would probably be for the customer 
perspective, and thus for the micro perspective, since the view of the customer is 
very important. However, it is very important to take the background against which 
this perspective is important into consideration . 

The innovativeness characteristic is introduced to characterize an industry. In order 
to make a distinction between industries, a different perspective has to be taken than 
the customer perspective, since the customer perspective against this background is 
the perspective of the individual customer. Although this is a possible perspective, it 
is not viable against a background of characterizing an industry, since the 
measurement takes place at the companies. This makes means that it is impossible 
to take the individual customer perspective. 

This makes the choice of perspective the macro perspective, and more in detail for 
the perspective new to the market, because in this way, the customer perspective 
can still be taken into account: all products that are new to the market will be (some 
day) also new to the customer. 

The "new to the market" perspective can be identified in the survey; see Appendix A: 
Company Survey. 

Marketing versus Technological Discontinuities 

Innovations can originate from two forces [Gar02]. On the one hand, there is the 
marketing direction, and on the other hand, there is the technological direction. 
Marketing discontinuities are caused by new marketplaces that evolve, or new 
marketing skills for the firm. 
A technological discontinuity is caused by new technology embedded in the product, 
new production processes, or new R&D resources. 
It should be added that both forces stem from the company perspective. 
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Taking the customer point of view in mind, the perspective of this research makes the 
distinction between marketing and technological discontinuities irrelevant. Both 
marketing and technological discontinuities are therefore, because of the fact that 
they bare the company viewpoint, irrelevant for this research. 

This makes the question whether an innovation causes marketing or technological 
discontinuities irrelevant to this research , and it will therefore not be taken into 
account when determining a measure for innovativeness. 

Single versus Multiple Factors 

The question whether to use single or multiple factors for innovativeness is a 
question which is posed in the article of Garcia and Calantone [Gar02], and is thus 
directly related to innovativeness. However, it is a question that can also be posed for 
all characteristics in general. The question whether to use single or multiple factors 
will be discussed for the characteristic innovativeness. 

It can be said that, in general , multiple factors are better able to cover all aspects of a 
characteristic than a single factor is able to. 

However, research question three is: 

1. 3. Can a relationship between certain industry characteristics and the 
recognition of soft failures be identified? 

From the perspective of this research question, it can be said that the goal (for all 
industry characteristics) is not to describe innovativeness as an industry 
characteristic as good as possible, but to try to research a possible relationship 
between innovativeness and the recognition (and appearance) of soft failures. 

For the purpose of finding a relationship between a characterist ic and the recognition 
of soft failures, the use of a single factor is more suitable, since this reduces the 
number of possible relationships. Using more than one factor would mean that each 
factor could be responsible for the relationship , and would therefore mean that the 
factors included in the research would rise dramatically. To prevent this from 
happening , a single factor approach is taken. 

Categorical versus Continuous Measures 

The question if the measurement of innovativeness should be categorical or 
continuous [Gar02], is, like the choice between single and multiple factors , a question 
that can be posed and answered in general. It will be discussed here for the 
characteristic innovativeness. 

As said in paragraph 3. 2. 2, Innovativeness is based on the speed of presentation of 
innovative products. Therefore, the innovativeness of a company will be measured 
through the number of innovative products it produces. The two determinants that are 
taken into account are therefore: 

The number of innovations it is able to produce 
The number of different products it makes. 

It should be identified that both determinants are continuous measures. 

On the basis of what is discussed in this appendix, a difference should be made 
between the number of innovations that are "new to the market", and the number of 
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innovations that are incremental (or new to (a limited number of) customers) . Of 
course, two things should be taken into consideration when doing this: 

First of all, this number of innovations should be set against a time horizon 
and measured per time period, because this makes a good and honest 
comparison possible. The time period used for this is not of importance; it is 
only important to keep this time horizon of equal length. 
Secondly, the number of innovations should be set against the total number 
of different products that are made, to make the comparison of small and big 
companies as good and honest as possible. 
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Appendix C: Analyzing the Product Creation Process 

Analyzing the Product Creation Process 

In order to get a good view on the methods available in the different industries, the 
whole PCP will be analyzed. The PCP is defined in a broad sense: from planning a 
new product to after-sales service [Ulr00]. In this way, every single step from the 
"birth" of a new product to the maintenance of a product is taken into account. 
The first reason for this is, that from the survey, it could already be seen that 
customer involvement takes place across the whole product lifetime (from pre market 
investigation to after-sales service). 
The second reason is, that by doing this, the chance that places where valuable 
information can be found are overlooked, is decreased. 

The PCP could be analyzed in two ways: 
The steps of the PCP can be analyzed 
The role of the people within the organization that are involved in the PCP 
can be analyzed [Ulr00]. 

For this second research question , the choice is to analyze the role of the people 
within an organization. This choice will be discussed below. 

Because the second part of this research will be based on interviews in different 
industries, it makes more sense to put the people that are involved in product 
development central , since they are the ones that have to answer the questions. 
When the different steps in the creation process would be used as starting point, then 
it would be hard to ensure that all steps are taken into account, since different people 
are involved in different steps, and it would be very unsure that the right person 
would be interviewed for the right step. 

Although it is true that not all people that have a specific function in a company will 
be involved in all the activities that are exploited by people with the same specific 
function , it is more probable that people with the same function more or less do the 
same things (or know which things other people with the same function do) , than 
people involved in the same stage of the development process: 
Since a function group consists of people, they can answer the question if they use 
methods to identify, solve and prevent soft failures , and if so, at what stage in the 
PCP. 
The people that are interviewed can in this way give a good view on which methods 
are used and when they are used, in a relatively short period of time (which is 
important because of the limited time available for the second research question). 

Scope of the Product Creation Process 

Because of the fact that , in the limited amount of time that is available, it is not 
possible to take every function that exists within a company into account , a number 
of functions have been selected after a conversation with an expert and 
conversations in the field . As a result , the following functions are taken into account 
(using Ulrich and Eppinger [Ulr00] as a guideline for the available functions) : 

Sales 
Marketing 
Development (Design) 
After-sales-service 
General management 
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The most important reason for taking the first four functions into account is the high 
probability that these functions have a high level of customer interaction (which is 
very important; see chapter 3). The last function, general management, is taken into 
account because of the fact that people in this function have an overview of the total 
process. 

The functions that are left outside the research are the following (using Ulrich and 
Eppinger [Ulr00] as a guideline for the available functions) 

Manufacturing 
Research 
Finance 

Manufacturing has been left outside the research scope, since they are more 
concerned with the production of the product as it is specified than with customer 
needs, wishes and expectations [Ulr00]. 

Research has been left outside the research scope, since they only deliver 
technology. Their customer interaction, which is very important (see chapter 3), is 
minimal. This, together with the limited amount of time, is the reason for not taking 
research into account. 

Finance is not taken into account, since they only provide planning goals and the 
financial background of products. The fact that they do not interact with the customer, 
together with the fact that they are not directly involved in the realization of a product 
(they "only" create the right conditions) are the reasons for not taking finance into 
account. 

Identifying Methods in the Consumer Electronics Industry 

The identification of methods in the consumer electronics industry will be done in a 
different way. Because of the limited time available, the methods available in the 
consumer electronics industry will be identified by interviews with experts. A great 
advantage of using interviews with experts will be the time that it costs to get this 
view, since the amount of time spent will be limited. A great disadvantage will be the 
possible depth of the analysis, since it is very questionable how deep the information 
on the methods in the consumer electronics industry will be in this way. Although this 
is a great disadvantage, it will be tried to get as much information as possible from 
the interviews. In this way, the analysis, although limited by the way in which it is 
done, will be as deep as possible. 

Outcomes of the Analysis 

The interviews related to the PCP will ultimately lead to the following information: 
New methods 
Different ways of setting-up the methods 
Different timing of the methods 

The different possible outcomes will be discussed in the paragraphs below. The 
discussion will cover the way in which the information will be gathered and the 
question in what way the information can contribute to solving the problems with the 
quality and the speed of the feedback (see paragraphs 1.3.1 and 1.3.2). 
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Identification of New methods 

Firstly, the methods used in other industries than the consumer electronics industry 
will be identified . This will be done by interviewing people with different functions in 
the PCP. By doing this , the different methods that are used by the different functions 
can be identified, which will lead to the identification of most methods that are used in 
the companies involved in the case studies. 

Because of the fact that these new methods would be identified in other industries 
than the consumer electronics industry , it could be that new methods can be used 
earlier on in the process, providing a gain in the speed of the feedback process in the 
development process. 

It should be noted that it should be investigated further if the methods are suitable to 
use in the consumer electronics industry, and if they can be copied one on one to the 
consumer electronics industry, since it could well be that a few adjustments have to 
be made if a methods were to be suitable for the consumer electronics industry. 
However, this falls outside the scope of this research and will therefore not be taken 
into account: this research tries solely to identify the methods. 

Set-up of Methods 

Secondly, the set-up of these methods should be identified. The people that will be 
interviewed are people from different functions. Since these people are directly 
involved in the testing , it should be possible to get an insight in the way that the 
different methods are used and set-up. 

The set-up of different methods should be identified and analyzed very critically , 
since this could well lead to improvements in the field of the consumer electronics. 
The most important improvement opportunity lies in the efficiency and effectiveness 
of methods. To improve development speed, the efficiency of methods is very 
relevant, since more efficient methods take less time and would therefore be able to 
speed up the development process. The effectiveness of the methods is of 
importance when looking at the quality of the feedback ; by using more effective 
methods, the quality of the feedback can be improved . 

It should be noted that, as well as for new methods, the set-up of methods should be 
investigated further if the methods are suitable to use in the consumer electronics 
industry. It could well be that the consumer electronics industry already has a more 
sophisticated set-up than other industries. 
However, this falls outside the scope of this research and will therefore not be taken 
into account. 

Timing of Methods 

Finally, the methods should be put against a time scale. By using the PCP as a 
guideline, it should be possible to give the methods identified through the interviews 
a place in the general PCP trajectory. 

The timing of different methods could also be relevant for the improvement of the 
contemporary methods in the consumer electronics industry. An improvement 
opportunity would be the effectiveness (quality of the feedback) and the timeliness 
(speed of the feedback) of the methods. If methods could be used earlier on in the 
process with the same or better results , both the speed of the feedback and the 
quality of the feedback could be improved. 
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If the timing in other ind stries were to be copied in the consumer electronics 
industry, then it should first y be investigated if different timing would have the same 
effects as it has in the ot er industries, and if the timing does not obstruct other 
methods that are used in t e consumer electronics industry that are not yet used in 
the other industries. 
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Appendix D: Methods from the Consumer Electronics 
Industry 

Quite a large number of different methods are used in the consumer electronics to 
deal with (soft) failures. However, it is not possible to take all methods that are used 
in the consumer electronics industry into account, simply because this cannot be 
made certain . An interview with an expert has lead to the identification of a number of 
methods, which stem from company 8 . These methods are presented in the sections 
below. 

Testing with the customer (I) (Method G) 

Identification 
This method is being used before a product is launched . It is tries to develop a pre
launch measure to try to get the best product, advertising and pricing for a product, 
relating to a certain segment. It is a way to define the product design and price that 
best suit the target consumer segment. 

Set-up and involvement of customers 
The main features of this method are the use of a combination of mock-up designs 
and questionnaires. In this way, a good view can be created on the preference of 
customers regarding product design. Furthermore, by introducing different pricing 
possibilities, the purchase intention is measured. 
Customers are fully involved , since this method is used in full interaction with the 
potential customer. 

Timing 
The timing of this method is just before a product is launched, so in the pre-launch 
phase, before the product is introduced in the market. 
Phase in the process in Appendix F: The Product Creation Process, figure 6: 
Concept development 

Effectiveness regarding soft failures 
Since the product tries to evaluate different product designs, it should be capable of 
preventing soft failures . However, it is also already stated that a whole consumer 
segment is targeted. Because of the fact that not all people in this segment will have 
exactly the same wishes and demands, it cannot be made perfectly sure that there 
will be no soft failures for every single customer. 

Testing with the customer (II) (Method H) 

Identification 
Method H is used as two types of last tests before the product is launched onto the 
market. 

Input for the test is delivered by feedback from previous, and sometimes, (if this is 
desirable) competitor products from the same category. Using this information, it is 
tried to develop the understanding of the ease of use of products in the relating 
category of products. 

For the tests themselves either a fully functional prototype, or a simulation of 
functions on an existing product is used . As already said , two types of tests take 
place. 
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The first type of test is aimed at identifying opportunities and, moreover, to identify 
necessary improvements. This is a qualitative test for all products. 
The second type of test is aimed at assessing the "market readiness" of a product 
type. The second type of test is quantitative and, since it addresses product types, it 
is only aimed at the first products of a certain type 

Set-up and involvement of customers 
Customers are highly involved in both types of testing. A number of customers are 
selected on the basis of interest and their position on the Rogers curve (being early 
adopters and early majority). Furthermore, the customers should have a basic 
interest in the product type. 
There are two types of settings for the test. The first setting is inside a facility owned 
or hired by the company, the second setting is at the home of the customer. In the 
facility, a number of conditions should be met. Firstly, there should be a one-way 
mirror; secondly, there should be a possibility to look at the customer's interaction 
with the product from close up. Finally, it should be possible to record the interview. 

In both types of tests, the customer should install the product by himself, and try 
some functionalities of the product. Since this should mirror as close as possible the 
situation at home, he should be left alone, and the only possibility to call in help 
should be by using a fictional helpdesk. The customer should "think aloud", so that 
the problems from the customer point of view can be identified. 
There are little differences between the first type of test and the second type of test. 
The largest differences are: 

The second type of test is done by a larger number of customers 
The second type of test has a "benchmarking function", which means that in 
this type of test, a competitor's product is used too. This is done to see how 
the company's product performs, compared to the competitor's product. 

It is important for the test to incorporate at least the following two things: 

Timing 

Feedback on the newly developed features (in relation to predecessors) 
Factors that caused dissatisfaction with the predecessors 

As already said , both types of tests are used just before the product is introduced to 
the market. It should be noted that the first type of test is used for every product, 
whereas the second type is used for new product type (the first product of a certain 
product type). 
Phase in the process in Appendix F: The Product Creation Process, figure 6: Testing 
and refinement sales process 

Effectiveness regarding soft failures 
This testing type explicitly tries to also identify soft failures. The customer interaction 
with the product, the fact that there is no interference from other people and the fact 
that the testing aims at unpacking, installing and first use of the product, all aim at the 
customer experience. This is contrary to most testing methods, which aim at the hard 
quality and hard reliability of products. 

For these reasons, it is probable that this method is able to identify a number of soft 
failures, though it's effectiveness cannot be identified fully. 
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Identifying (dis)satisfaction (I) (Method I) 

Identification 

Maurits Houben 

The monitoring of failures aims at the mapping of failures , which appear during the 
time of use of the products. It is set up to get an understanding of the (dis)satisfaction 
of customers. 

Set-up and involvement of customers 
The monitoring of failures can take place via a questionnaire. This questionnaire is 
set up to give answers to the questions posed above, via questions about: 

The buying process 
The installation of the product 
The usage of and problems with the product 
Evaluation of the product in general 

Since the questionnaire should be filled in by customers, the involvement of the 
customers in this method is high. 

Timing 
As already said , the questionnaire takes place when the product has been in use for 
some time. It should be mentioned that there is a distinction between products that 
have been in use for a longer time, and products that were bought within a year from 
the questionnaire. 

It should also be mentioned that it would only be possible to take this information into 
account for the development of later generation products from the same category, 
since the information is available only after the product has been released in to the 
market. It can be so, that the information will not even be available for the next 
generation of products, but only for the generation afterwards; the method is quite 
slow. 
Phase in the process in Appendix F: The Product Creation Process, figure 6: After
sales process 

Effectiveness regarding soft failures 
This method could be able to identify soft failures, since it explicitly aims at the 
(dis)satisfaction of customers regarding products, thereby taking the customer
product interaction into account. 

Identifying customer needs and expectations (Method J) 

Identification 
The identification of customer wishes is done in many ways: 

By desk research 
By ethnographic research 
Focus groups 
Expert interviews 
Visits at customer's homes 

It should be said that the above-mentioned methods are used in two different ways: 
1. Before the product launch, to use the information as a basis for the 

development of new products. 
2. When a product is on the market, to improve existing products. 

Appendix D 17 



Soft Failures Beyond the Consumer Electronics - Appendices Maurits Houben 

Set-up and involvement of customers 
The desk research is done to synthesize all information already available about the 
different product types. No customers are involved. 
The ethnographic research is done to get a good and broad view on the target 
consumers. It is done to gain a deep insight into the consumer, and it is done through 
a number of things, including a diary of the consumer, picture taking and video. In 
this research, customers are heavily involved; they are the ones that are supposed to 
keep a diary, to take pictures, etcetera. 
Focus groups are there for the better understanding of customer wishes and 
expectations. The customer interaction may be clear here, since the focus groups 
consist of customers. 
The expert interviews do not involve customers; they are done to get an external 
point of view. 
Home visits are done to gather new ideas and to better understand the reasons why 
someone owns and uses a product. The customer is involved since they are the ones 
that are visited. 

Timing 
This method should form the basis of new ideas. Therefore, with this method, the 
starting sign is given for the development of a new product. This method is used as a 
method to create new ideas, so it stands at the cradle of new product development 
processes. 
Phase in the process in Appendix F: The Product Creation Process, figure 6: 
Planning 

Effectiveness regarding soft failures 
It is probable that, by using the customer point of view as a starting point for all new 
product developments, the number of soft failures could be reduced, since the 
probability that a customer gets what he wants (and thus is less likely to complain 
about (soft) failures) is higher when he is asked, then when he is not asked. 
Especially the fact that there is interaction between customers and developers could 
contribute to limiting the number of soft failures. 

Concept evaluation (Method K) 

Identification 
This method is used to evaluate conceptual products, to see what the customer 
thinks of the products. 
One of the ways in which this can be done, is by an online presentation of the 
product. This concept should include a picture of the product or a display of the way 
the product works, as well as a description of the product. It should be said that there 
should be enough information to understand the product, but not too much. 

Set-up and involvement of customers 
The customers are involved in an online questionnaire. In this questionnaire, each 
customer is confronted with two different concepts, each of which he has to evaluate 
on a number of points. These points include (amongst others): 

Likes/dislikes 
Purchase Intention 
Overall Opinion 
Uniqueness 

- Value for money 

On the basis of the outcomes of this test, concepts development may be prioritized. 
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Timing 
This method takes place after the development of concepts, but before the concepts 
are being totally worked out. As already said , this method forms the basis on which 
concepts are prioritized . This means that the method is the first step to take after 
development of a concept. 
Phase in the process in Appendix F: The Product Creation Process, figure 6: 
Concept development 

Effectiveness regarding soft failures 
This method could be fit to deal with soft failures . This is because the method asks 
customers about their opinions about concepts. The critics of the customers can be 
used to improve the concepts when they are developed further. 
However, it should be noted that this is not the only aim of the method: it is also 
aimed at prioritizing the further development of concepts. 

Testing for subjective factors (Method L 1 and L2) 

Identification 
In this method, the goal is firstly , to get a good direction for further development of a 
concept. Secondly, the goal is to exploit this development direction further, and to 
develop the concept further, using product mock-ups. 

Set-up and involvement of customers 
Firstly, a focus group is used , in which 3d drawings of a product concept are 
presented. If it is probable that the size or the handling of a product matter to the 
customer, a very rough product mock-up could be presented too. 
In the second step, when a development direction is chosen , a small number of 
different hard product mock-ups are produced. These mock-ups are presented to a 
number of customers in a face-to-face situation. These customers will value the 
different mock-ups and in this way, they will select the model that will be launched . 
The customers are involved twice. The first time for a rough selection and to make a 
decision on the direction in which the product development will take place. The 
second time to choose the best of a number of developed product mock-ups, based 
on the direction that was chosen by the customers in the first stage. It should be said 
that it is possible for the customers to suggest minor optimizations in the chosen 
product. 

Timing 
The first step in this method is taken at a very early stage of the product development 
process. As already said , it is done to choose a direction for further development, 
which indicates that this first step takes place in the early beginning of a product 
development process. 
The second step in this method is taken some time before product launch. There 
should still be time to make some minor optimizations in the product design, which is 
taken into account (therefore, it takes place some time before product launch, and 
not directly before product launch). 
Phase in the process in Appendix F: The Product Creation Process, figure 6 for step 
1: Concept development 
Phase in the process in Appendix F: The Product Creation Process, figure 6 for step 
2: Concept development 

Effectiveness regarding soft failures 
This method should be quite able to handle soft failures . The reason is that 
customers are involved throughout the development, and the fact that the indications 
from the customer are the basis for further development. This means that the 
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customer has quite a lot of influence on the product under development, which 
means that there is less chance that a product is developed with which the 
customers are not content. It should be mentioned that the focus lies on the design of 
the product (soft factor), not at the way in which it functions (hard factor). 

Identifying (dis)satisfaction (II) (Method M) 

Identification 
This method aims at the identification of the (dis)satisfaction of customers with a 
product by means of an online, telephone or mail survey. 

Set-up and involvement of customers 
Customers that buy a product are invited to visit a website. On this website, they can 
win a prize by registering their product and filling in a survey. In this survey, a number 
of aspects of the product are targeted, all regarding the customer's experience with 
the aspects. The aspects mainly focus on satisfaction and they aim at the buying, 
installing and usages processes. Since the customer is the one that has to fill in the 
survey, he is involved in this method. 

Timing 
This method takes place directly after a product has been bought (within a month 
after purchase) . 
Phase in the process in Appendix F: The Product Creation Process, figure 6: After
sales process 

Effectiveness regarding soft failures 
Since the survey aims at customer satisfaction, which includes the "soft factors" of a 
product, as well as the hard "factors", there is a chance that this method is able to 
deal with soft failures. However, since it is a survey, it is already set-up, and 
therefore, not very flexible. With a survey, it is very hard to make sure that the right 
questions are asked, since it may well be that a customer experiences difficulties in 
an area of which he is asked no questions by the survey. Furthermore, since the 
survey is filled in voluntarily, there is no way to ensure that the customer writes down 
everything he has to say about a product. This could cost too much time, which 
makes the method less effective. 
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Appendix E: General Interview Set-up 

1. INTRODUCTION/GENERAL INFORMATION 

1. What is being produced at this location? 

Maurits Houben 

2. Are the products only being used by the mother company, or do you also 
produce end products? 

3. What is your function within the company? 
4. In what part of the PCP do you play a role? 
5. What are your activities in this area? 

2. PRODUCT DEVELOPMENT 

1. Is there a trajectory (from development to after-sales service) that all products 
go through when developed , or are there more trajectories? 

2. How is this trajectory being chosen? 
3. On what is the choice for the trajectory/are choices within the trajectory 

based? 
4. What do/does these trajectories/this trajectory look like? 

a. What steps are taken? 
b. Are methods being used at the identification , solving and/or prevention 

of failures? 
c. Are you involved in this? 
d. In what way? 

3. SOFT FAILURES 

1. Is the phenomenon "soft failures" a known phenomenon? 
A soft failure is being identified when a customer is dissatisfied about a 
product, without there being a technical failure. Thus, a soft failure is a failure 
in a product that does live up to its specifications. 

2. Are you yourself much involved in this? 
3. Do you have data about product failures? 

Can this give a good view on the share of "soft failures" in product failures? 
Do you have any idea what this view looks like, or could you inform me about 
it? 
➔ If no: 
Can you yourself make an estimate on the share of soft failures within your 
industry? 

4. Are "soft failures" therefore a great problem within your industry? 
What makes "soft failures" a problem , and not a "symptom"? 

5. Are you involved in the identification, solving and/or prevention of failures 
6. In what way does this happen? 

4. IDENTIFYING/SOLVING AND PREVENTING FAILURES 

1. What is the name of the method(s) you are using? 
2. What is the purpose of this method? Is this aimed at identifying , solving or 

preventing soft failures? 
3. Does this method take soft failures into account? 
4. Is it possible or would it be possible to identify, solve or prevent soft failures 

with this method? 

5. TIMING OF THE METHODS 
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1. Is there a set moment/ are there set moments in the PCP at which a method 
is being used? 

2. At what moment in the PCP are the methods in which you are involved being 
used? 

3. Is there a special reason for this? 

6. SET-UP OF THE METHODS 

1. Of which steps do these methods consist? 
a. Why? 
b. What are the advantages and disadvantages of these methods? 

2. What is needed for these methods? 
a. Why? 

3. Are customers being involved in these methods? 
a. Why? 
b. Does a selection take place? 
c. What is this selection based on? 

4. Who else are involved in these methods? 
a. Why these persons? 
b. What are the advantages and disadvantages of this? 
c. Does a selection take place? 

5. What are the conditions/circumstances for the use of these methods? 
a. Why? 

6. How are the results of these methods used further? 

7. COLLECTION AND PROCESSING INFORMATION 

1. With what methods are the results obtained? 
(Interview, observed behaviour, questionnaire, telephone call, call-centre, 
etc.) 

2. In what format are these results? 
3. Is a distinction made between different types of information when the data 

collection takes place? 
Objective versus subjective 
Often occurring versus unique 
Hard failures versus soft failures 

4. How are the data further processed? 
5. Who uses the collected data? 
6. How are these data being used further? 

8. SUGGESTIONS REGARDING TEST PROCEDURES 

1. Do you have any suggestions with respect to the set-up of test procedures, or 
ideas/suggestions for the improvement of your test procedure, in particular 
regarding soft failures? 

➔ If yes: 
Are there problems in the following areas: 

a. Timing of the methods 
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i. Time: 
Too early/late in the PCP 
Too little time to run good tests 

b. Set-up of methods 
i. Involving customers: 

Involving them versus not involving them 
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Using a selection procedure versus not using a selection 
procedure 

ii . Set-up of tests 

c. Data 

Set-up is not identified clearly 
Tests are not standardized 
Tests are not representative 

Too small/too big (e.g. sample size) 
Do not reflect reality 

i. Quality of the data: 
Not the right data 
No clear data 
No goal when collecting data 
Data collection is not sufficient 

11. Consequences 
Too little is done with the outcome of the tests 
Consequences are not well founded with test results 
Conclusions are reached too fast 

Do the problems originate from somewhere else? 
Do you have any other ideas/suggestions for improvements? 
I would like to thank you for your cooperation. 
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Appendix F: The Product Creation Process 

J L1 L2 K C D G H A B1 E B2 I M F 

---------------1 ......---.11~ 
Planning Concept 

Development 
System-Level 
Design 

Detail Design Testing and 
Refinement 

Production 
Ramp-Up Process 

figure 6: Product Creation Process and after-sales process 

Phase name Description 
Planning Phase in which ideas are generated 
Concept Development Needs of the market are identified, concepts are generated, and one or more concepts are chosen for further 

development 
System-Level Design The concept is further worked out. This results in a description of the product architecture, a geometric layout and a 

functional specification of each of the product's subsystems. 
Detail Design Detail design is the last step in the design of the product. In this step the complete specification of the geometry is 

presented as well as materials, tolerances and unique parts. At the end of this phase, the product is "ready" 
Testing and Refinement In this phase, tests are done with prototypes. These tests lead to insights in whether or not products work, and 

whether or not the product satisfies key customer needs. 
Production Ramp-Up In this phase, the workforce is trained to produce the products with the intended production processes. 
After-sales Process The phase "after-sales process" stands for all activities that are conducted after a product has been introduced to 

the market. 
table 10: Phase names and their associated description 
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