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Abstract

Soft reliability problems occur more and more often in highly innovative industries due
to consequences of trends in the market; companies want to reduce the amount of soft
reliability problems by involving customers in their product and developing process. But
it is difficult for companies to select customers for their tests. This thesis searches criteria
for customer selection for soft reliability problem tests. At the end an ideal test is given
with all criteria that a test must satisfy for optimal results.
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Summary

Introduction

In the market of high tech products like the consumer electronics market are several
trends visible lately. Due to those trends the market is changing and that gives some
consequesncens.

These are trends that are now common knowledge in the market: [Bro05][Pet03][Min05]

o Complexity of products is changing. Products are getting more and more
complex, more and more features are introduced on products.

e Time to market is decreasing. Producers of high tech products must be on the
market first otherwise the market is given to a competitor. Which means no profit
for the companies that come on the market late.

e Legislation policies are changing. Products must have much more warranty time
and much cover much more problems of the product.

e Globalization is another trend. The world is the market. Products are devloped in
Europa, produced in Asia and sold in America.

e Low price setting / fast price dropping is the last trend in the industry. Companies
want to make their profit fast by selling as much as possible quantities in shortest
time. This means low prices of the product. Competitors must also have low
prices otherwise they can’t survive.

These trends lead to some problems: [Bro05]

Due to shorter developing times it is more difficult for companies to produce products
without faults. Besides this problem there is another big problem, the product life cycle
is getting shorter and shorter, that means there is no time left to solve problems in
existing products because before these problems are discovered there is already a new
product (a new version). And there are getting more and more features on the product that
the chance of getting problems is getting higher.

Also the amount of problems that can’t be sold because no fault was found (so called no
fault found problems) is increasing last couple of decades. This means that products are
for instance too complex for customers. Part of the so called no fault found problems are
so called soft reliability problems.

Soft reliability problems are customer experienced problems with an in-specification
product. [Geu04]

This thesis will focus on soft reliability problems. Consequences of problems mentioned
before are that products can’t be modified before customers bought the product and give
their problems to the company. [Pet06] But then a new product will already been in the
developing phase. This means that products must be tested to reveal problems before the
product gets on the market. This means that customers must be involved in the product
development process to perform some tests to reveal problems of the product. Then those
problems can be solved before the product will come on the market.
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Research question

After the introduction and the explanation of the problems it is clear what the problem is:
There is not enough time to modify products while the product is on the market already.
This means that there must be tests before the launch of the product. These tests can be
executed best by ordinary customers for optimal results.

Therefore the research question of this thesis will be:
Which customers must be involved in a product development process to prevent soft
reliability problems?

This research question leads to two more sub research questions:
e How can customers been categorized?
e Which product development methods involve customers in their product
development process to discover soft reliability problems?

Both sub rearch questions will be handled first

Customer categorization
Customers can be categorized in several ways. This theseis uses three methods:

e Rogers’ method: Rogers divides all customers into 5 catogories based on the
moment that they adapt the new technology. These groups are: innovators, early
adopters, early majority, late majority and laggards. The groups are not even
divided: the percentages are about: 3-5%, 10-15%, 34%, 34%, 5-16% of the
customer population. [Rog93]

o Saaksjarvi’s method: Saaksjarvi divides the customer population into 4 categoies
of technology knowledge; more precisely the willingness to learn new
technology. The 4 categories are: technovators, supplemental experts, novices and
core experts. [Saa03]

e Lambert’s method: Lambert divides customers to their place in the supply chain.
He sees 3 types of customers: internal customers, intermediate customers and
external customers. Those customer types have each there own soft reliability
problems. [Lam06]

Test Methods that involve customers

There are several test methods that involve customers in their tests. And those test are
carried out before the launch of the product on the market.

Three different methods of usability testing will be presented.

e Nielsen’s method: The usability testing method according to Nielsen focuses on
the experience of customers with the product. This means novices and
experienced customers must perform tests (not always the same tests) to generate
as much as possible soft reliability problems. [Nie93]

e University of Copenhagen method: this usability testing method focuses on many
aspects of their testers: they wanted to use customers with these qualifications:
novice user, experienced user, old inexperienced person, handicapped user, child,
the noble and upright person and the progressive and enthusiastic young man. To
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get an optimal result all these groups of customers must be involved in their tests.
[Cop05]

e Dumas’s method: Dumas focuses on the position of the customer in the product
life cycle. From every part of the product life cycle he wants customers to
perform tests. [Dum99]

Then the lead user method by Von Hippel [Hip88] will be presented. His test method
involves customers (lead users) that have the ability to foresee problems in future and
have the ability to get solutions for those problems.

Finally also focus groups will be presented. This method has as strength that customers
must work together in small groups to discover soft reliability problems. Through
cooperation they can come further in the test and thus they can discover more soft
reliability problems than if they had tested the product individually.
[Zan02][Gra98][UoP06]

Criteria

From all these methods and views it is possible to discover criteria that were used to
select customers for tests. Which qualifications must customers have to execute those
tests?

At the end 10 criteria are found:
1. Different users of a product in the product lifecycle, based on Rogers’ and
Dumas’ methods
2. Technology knowledge, based on Saaksjarvi’s view
3. Place of the customer in the supply chain, based on Lambert’s view
4, Experience of the customer with the product, based on Nielsen’s view
5. Age of the customer, based on the method of the university of Copenhagen
6. Size of the test group, based on the focus group method
7. Quality to foresee problems in the future, based on Von Hippel’s method
8. Culture, based on trends of the industry
9. Product customer interaction, based on Geudens ideas
10. Real prototype, based on all methods.

With those criteria it is possible to make a matrix where all test methods mentioned
earlier will be judged with these criteria.

Soft Reliability Problem Reduction Before Product Launch 11
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Figure 1: Matrix: scorecard methods vs. criteria

Plusses in the matrix mean that the test method does take into account that criterion;
minuses mean that the test method doesn’t take into account that criterion. Empty places
in the matrix mean that there was not enough explicit information available to make a
clear judgment or that the test method doesn’t focus on that criterion.

Ideal test
With those criteria it is possible to make an ideal test guidance:
e Different users of a product in the product lifecycle. For the ideal test you have
participants from every five categories, from an innovator till a laggard.
e Technology knowledge, for the ideal test you got participants from every 4
categories, from a core expert till a technovator.
o Place of the customer in the supply chain, people from the entire supply chain
must cooperate in the tests.
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Experience of the customer with the product. People with less and people with a
lot of experience with the products are needed for the ideal test and if possible
people with an inadequate amount of experience.

Age of the customer, customers from every age category must participate in the
tests, but only those categories that will actually buy the product.

Size of the test group, not only individual tests must be done but also some group
sessions in focus groups are good to reveal soft reliability problems in products.
Quality to foresee problems in the future, some people that have this ability are
needed to prevent some problems in future.

Culture, participants with different cultures must participate in the tests.

Product customer interaction, only people that will actually buy and use the
product must execute the tests.

Real prototype, best results will get when people can perform the tests on real

prototypes.

Practical Considerations

The presented ideal test is too much time consuming and expensive, therefore three
different considerations will be presented to solve this ideal test or to make it easier to
implement.

L.

2.

The ideal test can be solved by using factorial experiments, but then again many
experiments must be carried out.
Criteria grouping can be done to reduce the amount of criteria, or to show which
criteria are related to each other and are easy implement when 1 of those is
implemented. Possible combinations are: Technology knowledge (passive), age of
the customer and culture; Technology knowledge (active), experience of the
customer with the product and quality to foresee problems in future; different
users of a product in the product life cycle and place of the customer in the supply
chain.
Criteria were looked after their ability to implement and their benefits after
implementation. In Figure 6.1 it became visible that 5 criteria can be implemented
relatively easily with good benefits:

2. Technology knowledge

5. Age of the customer

6. Size of the test group

9. Product customer interaction

10. real prototype
4 other criteria can also be implemented but are harder to implement but generate
also many benefits:

1. Different users of a product in the product lifecycle

4. Experience of the customer with the product

7. Quality to foresee problems in future

8. Culture
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List of Abbreviations

HRP Hard Reliability Problem
NFF No Fault Found
SRP Soft Reliability Problem
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Chapter 1: Introduction

This first chapter describes the environment in which this master thesis project must be
carried out. This chapter will start (paragraph 1.1) with some general trends of the market
and reasons why companies produce new products all the time. The next paragraph
(paragraph 1.2) will describe quality en reliability problems due to the trends in the
market. Also problems due to trends will be presented. In paragraph 1.3 soft reliability
problems will be presented and in paragraph 1.4 high tech products will be introduced.
This approach leads to the research question, which will be presented in chapter 2 and
will be answered in the remaining parts of this thesis. Answers on that research question
must solve problems resulted from trends and characteristics of the market.

§1.1 New products

New products come on the market all the time. But why are all these new products
coming? There are several reasons why companies bring new products onto the market:
[C0093] [Win97]

1. The product life cycle is getting shorter due to growth competition.
More competition in the market means that companies must innovate more often
to keep their market share.

2. The globalization.
The potential market consist not only of one single country or continent but of the
whole world; which means that there are much more competitors active in the
market.

3. Increasingly faster evolution of new technologies.
Due to the evolution of new technologies more companies will use the new
technologies in their products and if a company wants to produce as effective as
they do, it also got to innovate, which means that the company will also bring new
products on the market earlier.

4. The frequent changes in customer preferences.
Customer preferences change more quickly than a decade ago; this means
customers want new products earlier.

Besides the reasons mentioned above there are also some more general trends in the fast
moving consuming goods industry. Because of the changes in the customer preferences
the market will change and that will lead to some trends in the market. [Pet03] [Uit04]
[Kar04] [Bro05]

1. The complexity of products is increasing. More and more features are involved in
new products. Customers are asking for more features. Also producers of products
are creating new features to get a better position in the market and sometimes
other competitors may also have features so you also need that feature. In Figure
1.1 it is made visible that the increase of features in products gets faster while the
price of those products drops faster (see also trend 5)
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The time-to-market is decreasing. Products must be on the market as soon as
possible with all their new features. Producers of new products try to be on
market first to make the largest margin.

Many producers are outsourcing their production and/or their R&D departments
to other companies or are producing products in other parts of the world to get
labor cost down.

Finally there is a major trend in changing legislation rules set by the government;
so warranty time is getting longer and covers more.

the last decade there is also a new trend visible in the high tech consumer

electronics industry.

5.

Low price setting /fast price dropping. New products will be introduced on the
market with a very competitive price. In this way manufacturers get their return
on investments faster and more people will be able to buy the new product
because they don’t need to wait till the price is dropping. It is also possible that
products are put in the market with a fast price dropping strategy, only a few
weeks / months at a high price and then the products will be lowered in price very
fast (every couple of weeks / months); then companies also get their return on
investment faster due to higher sales volumes and getting a bigger market share.
[Min05]

Those trends also have influences on the product reliability. Some influences are: [Bro05]

1.

2.

More and more complex products make product (quality) validation and
evaluation more complex and therefore more expensive and time consuming.

The increasing complexity of global business processes, combined with problems
with the supporting information flows may mitigate knowledge accumulation
with respect to quality and reliability.

The strong pressure on “time to market” requires, however, fast and efficient
methods to ensure product reliability in the very early phases of a product
development.

Since, especially with strongly innovative products used in complex field
environments, there remains a strong likelihood that problems appear in the field

20
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(either due to flaws in the process and / or due to unexpected or even unintended
use of the product) a strong feedback system is needed to learn fast and efficient
especially from these unexpected failures.

Next a small exhibit will be given on some trends how they influence the market today.

Small exhibit of trends:

The VCR’s and the old-style TV were in the shops for decades; nowadays new products
will there only be for a few years (see shorter developing times and product life cycles).
This also means that it is getting tougher for people to adopt new techniques and
technologies. In the past people were adopting to new technologies when they were still a
child and bought the new products when they were grown up. But new products like I-
pod’s or hard disk recorders will be on the market only for a very short time (couple of
years) so there will not be enough time for everybody to get familiar with the new
technologies.

Besides influences of the trends mentioned before, there is another point that must be
taken into account. Many people will buy products that will be almost always
multifunctional where they’re not ready for. Multifunctional versus single/one function
products like the TV and the multi media system for playing / recording / editing etc is
also an interesting trend, here also is a small exhibit of that trend.

Another small exhibit:

Some telecom providers offer a telecom subscription in combination with an internet
subscription. Buyers might like the telecom deal but also get the internet offer. But they
might not be ready for such technologies. So they will not use the internet or the internet
will be used by people with less knowledge of it. Problem for the producers of such
products is that they have customers with their products which were not the intended
customers of the product. This gives a lot of consequences, like must the unexpected new
customers been part of the usability test? Is it worth also to focus on them? Create the
new group of customers bad advertising? And is that a problem? These are important
questions for companies, they must be clear for them otherwise they don’t know what
they’re doing. This thesis will focus on criteria for soft reliability tests. When companies
know what to do with those new customers they can also modify their test scripts to
implement also the new group of customers in their tests.

Correlated with multifunctional products and the new group of customers that will use
the product, it is important that manufacturers don’t forget this step in their product
creation process. For whom are they making those new products? They don’t know who
their buyers are, which makes it difficult to make the products in such a way that they are
easy to use for the buyers. This thesis will put attention on this point in trying to make
clear which customers participate in a product development process to reduce the amount
of problems when the product is finally launched.
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§1.2 Quality and reliability problems

The development process is more and more shortened due to the reasons (time to market
decreasing and complexity of products) mentioned in paragraph 1.1. In the past it was
normal that businesses had enough time to evaluate the feedback receiving from the field
and then do some modifications, but due to the changes in the markets the feedback time
is now longer than the development time of a new product. This means that nowadays a
call from the field can not been solved by modification of the production process because
there is already a new product available; businesses aren’t making the old types anymore.

Next figure (figure 1.2) gives an illustration of the decreasing developing time of new
products and the feedback time which will be almost constant in time.
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Figure 1.2: Feedback time versus development time for high tech consumer electronic
goods. [Bro05]

Besides the decreasing developing time there is another point that deserves attention;
over the last couple of decades the percentage of No Fault Found problems (NFF,
Failures where the cause of the complaint could not be determined) is increasing fast.
Brombacher shows a picture of a manufacturer of high-tech equipment, it is clear that the
percentage of no fault found problems is increasing fast last decades [Bro05]: This is
dealt with in more detail in the next paragraph.
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Figure 1.3: Percentage no fault found in modern high-volume consumer electronics [Bro0S]

§1.3 Soft reliability problems

In §1.2 no fault found problems were introduced. Most of no fault found problems are
soft reliability problems, product is ok, but the customer is not content with the product.
But what are soft reliability faults? Geudens et al have given a definition of soft
reliability faults in his paper: Soft Reliability, a new Class of Problems for Innovative
Products: “How To Approach Them”: The definition of a soft reliability problem is:
“customer experienced problems with an in-specification product.” [Geu04] Software
problems are also hard problems.

Rogers describes in his book Diffusion of Innovators 5 types of soft problems. [Rog93]

¢ Relative advantage: the degree to which an innovation is perceived as being better
than the idea it supersedes.

o Complexity: the degree to which an innovation is perceived as relatively difficult
to understand and use.

e Compatibility: the degree to which an innovation is perceived as consistent with
the existing values, past experiences, and needs of potential adopters

o Trial-ability: the degree to which an innovation may be experimented with on a
limited basis.

e Observe-ability: the degree to which the results of an innovation are visible to
others.

This thesis focuses on products that will be sold on the market for high tech products.
The next paragraph gives more information on high tech products.
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§1.4 High tech products

The market trends described in the first paragraph are valid for the market of highly
innovative consumer goods. In this paragraph, the market of high tech products is
discussed. Definition of a high tech product will be given and risks of those products will
be discussed.

Meldrum [Mel95] comes to the following definition of high-tech products:
High-tech products:
e Have been developed in a highly technical environment
e Incorporate a new or advanced technology which acts as a focus for their
evaluation
e Are associated with a high degree of technologically-based uncertainty on the part
of both supplier and the consumer
e Are not currently accepted as natural solutions for the problems they have been
designed to address
¢ Do not yet have an associated external infrastructure

Meldrum argued in his article: “Marketing high-tech products: the emerging themes”,
over high tech products. He stated that high tech products are not always high-tech, only
partly. This is because high-tech products are made from parts that were already used in
other products. But these common technologies and maybe some new techniques together
make a product high tech. [Mel95]

Highly innovative products have some new techniques that make them high tech. But the
customers who have to buy the products are mostly averse to some new techniques. The
old, common techniques are well-known so why should it be changed? If a company
wants to introduce a highly innovative product, it is important that the customers must
feel good. That’s a contradiction, customers must feel good with the new techniques and
customers are averse of new techniques [Mel95]. This gives a lot of tension on the market
when a new product is introduced. For companies it is important that the risk for the
customers must be as low as possible to avoid losses. The risk of the customer is the risk
for purchasing a new product that you don’t want or that you are not able to work with it.
All purchases involve a risk for the buyer, but for purchasing high-tech products the issue
of risk is magnified by the uncertainties associated with a new technology. this can be a
risk for the consumer but also for the company.

There are two kinds of risk:

o The risk for the supplier/company is that for a new high-tech product the
company got no experiences yet with how to sell it, how to distribute it or how to
service it.

e Customers’ risks will be derived from a lack of experience in applying,
maintaining and using technology, which will increase the chances of problems
such as further costs, interruptions to supply continuity, unexpected side-effects or
quality deficiencies.
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Chapter 2: Research Assignment

In chapter 1 several trends were described in the industry and some of their consequences
for the reliability problems of new products. In chapter 2 the research question will be
presented (paragraph 2.1), in which way this research question will be handled in future
chapters of this master thesis will be presented in paragraph 2.2 and in paragraph 2.3 the
purpose of this thesis.

§2.1 Research question

In Chapter 1 an overview was made of the fast moving consumer goods industry. Some
trends and consequences of those trends were presented. In particular the setting is that
when a new high innovative product comes on the market nowadays the amount of soft
reliability problems is relative high in comparison with years ago. The reasons therefore
are the trends described in paragraph 1.1. Consequences of those trends are that the
introduction of new products is getting faster and faster. If customers got some problems
with their new products and they make a field call [Pet03] it will take too much time
before the field call is at the product development team. That team is already creating a
next generation of the product so the faults found in the field cannot be recovered in the
current generation of products. So customers have bad experiences with the product and
to prevent that in future it is a possibility to create new products in cooperation with
customers; in that way some soft reliability faults can be prevented. [Pet06] Because
when customers are involved during the development process of a new product, the
product can be modified before the product launch. But which customers must be
selected by the companies to do some tests in the developing phase of the product? This
is exact the question where this thesis will be about.

Another problem is that companies want to save money. They can do that by combining
tests. This means that soft reliability tests and hard reliability tests were done together.
This means that 1 person must discover hard and soft reliability faults. That’s even more
difficult because he has to focus on two things. Another problem with combining tests is
that it is even more difficult to select the right person for the tests. How is the person
selected? On his capabilities to discover hard reliability faults, or on his capabilities to
discover soft reliability faults. If 1 person must conduct both tests it is obvious that not
the best results will be found for HRP and SRP’s. This thesis will focus on the selection
criteria for soft reliability problem tests .

This means that the initial research question will be:
Initial Research question:

Which customers must be involved in a product development process to prevent soft
reliability problems?
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There are many, many customers that buy products of the companies. When customers
are involved in the product development process, companies would like to know which
customers they must select. This means customers must be categorized in groups.

This leads to the first sub research question:

Sub research question 2.1: How can customers been categorized?

By means of a literature investigation sub research question 2.1 will be solved. The
literature investigation and the results will be presented in chapter 3.

Another part of the research question is “product development process”. To tackle this
part of the research question another literature investigation will be done to see which
product development methods are used in the developing highly innovative products for
the consumer market to discover soft reliability problems. Another sub research question
can be made:

Sub research question 2.2: Which product development methods or techniques are used
for developing highly innovative products and involve customers in their process to
indicate soft reliability problems?

In chapter 4 this will be handled and the results of the research and the research itself will
be demonstrated.

When an overview of the techniques and methods is given, it must be possible to see if
there is any customer differentiation in product development processes. If there is some
differentiation then it is possible to explain on what reasons the customers are selected to
help in that specific product development process.

§2.2 Structure of the thesis

This paragraph will handle the structure of the thesis. All chapters will be handled shortly
to give a complete view of the thesis.

This thesis started with chapter 1 where a complete overview was given of the trends in
the high tech consumer goods industry. Also terms soft reliability problem and high tech
product were introduced. In chapter 2 the research question was introduced after
analyzing chapter 1. Also some sub research questions were made. Sub research question
2.1 will be handled in Chapter 3: customer categorization; different views on how
customers can be categorized will be passed. Then sub research question 2.2 will be dealt
with in chapter 4; several product developing processes and some developing techniques
will be presented that are used nowadays to reveal soft reliability problems. Goal is to see
on what criteria those customers were selected for those tests. After that in chapter 5
criteria for a soft reliability problem test will be generated by reviewing chapters 3 and 4.
Also a matrix will be made to show which methods and techniques from chapter 4 take
which criteria into account. In chapter 6 the matrix created in chapter 5 will be used to
create an ideal test and a more practical test. Then in chapter 7 the conclusions of this
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thesis will be presented and the answers on the research questions will be presented and
some recommendations for further research will be given. At the end of the thesis there
will be a reference list.

§2.3 Purpose of this thesis

The purpose of this thesis is to get answers on research questions and more insight of the
customers that are involved in the product development processes. With results of this
thesis it must be possible for companies to select customers for tests in their product
developing processes in a more structured way. In that way the curve of no fault found
problems (figure 1.3) must go down again because when customers are involved in the
product development process in the right way and companies really listen to their advices
and comments, the products that come on the market must have a better quality for use.
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Chapter 3: Customer categorization

In this chapter there will be a focus on sub research question 2.1 (How can customers
been categorized?). The models below were selected on their relation with soft reliability
problems, it is important to know on what criteria these models are made because with
that information it is maybe possible to generate criteria for soft reliability problem
testing. Different authors have already been written about this subject and will be
presented in the next paragraphs. Rogers’ view will be displayed in paragraph 3.1,
Lambert’s in paragraph 3.2, Marsh’s in paragraph 3.3. Saaksjarvi’s will be handled in
paragraph 3.4. The conclusions of this chapter will be presented in paragraph 3.5.

§3.1 Rogers

Rogers [Rog03] describes five groups of customers. These groups are formed in the way
these people adopt to the new products.
There are 5 groups
e Innovators,
Early adopters
Early Majority
Late Majority
Laggards

These groups are formed in a way that the members of the groups adopt to new
technologies. The innovators want to adopt every new technology. They are followed by
the early adopters and so on; whereas laggards adopt new technology late. The next
figure (figure 3.3), the TALC-curve, (Technology Adoption Life Cycle) shows that.

TALC curve, Technology Adoption Life Cycle

1
Emerging Mainstream growth End of Life
4 {embryonic) market market Vit ey (decline) market

Volume / penetration

Innovators  Early adopters Early majority  Late majority Laggard of non - time
(techies) (visionairs) (pragmatists)  (conservatives)  adopters (sceptics)
3-5% 10 -15% 34% 34% 5-16%

Figure 3.1: TALC curve [Rog03]
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Rogers’ model is clear in dividing customers into a category. When a new product comes
on the market, customers will buy the product. But which customers will buy it. Mostly
the innovators will buy the new product some early adapters and maybe a few early
majority customers will buy it. Thus it is known who buyers are of the product. If a large
group of customers is asked to fill in a questionnaire about their purchases and equipment
at home a distribution can be made of which customer is an innovator and who is part of
the late majority and so on. Rogers groups customers on their moment of new product
adoption.

§3.2 Saaksjarvi

Saaksjarvi [Saa03] developed another model for categorizing customers. She read the
articles and books of Rogers [Rog03] and then she created her own vision. It is a model
based on knowledge of the customer and his compatibility. Saaksjarvi groups customers
after their knowledge of technology.

In Saaksarvi’s article: Consumer adoption of technological innovations; there are four
categories of customers:
1. Technovators
2. Supplemental experts
3. Novices
4. Core experts

Ad 1. Technovator: a person who recognizes the benefits of new technology earlier than
others, adopts it, and communicates these benefits to other segments.

Ad 2. Supplemental experts have the advantage of being able to apply their knowledge
into several different products and services; their knowledge is not constrained by a
particular product or service but rather by the domain in which they operate.

Ad 3. Novices have no expertise in either core or supplemental product or service areas,
which makes them more open to innovations than core experts since they have yet to
establish usage patterns and attach affect to the product or service.

Ad 4. Core experts are the last group to adopt an innovation. They cannot construct a
number a relational-based mappings, their knowledge creates resistance towards the
innovation, reducing both comprehension and perceived net benefits.

The next figure (figure 3.2) describes coherence between supplemental knowledge and
core knowledge, and the four groups of customers. Core knowledge is basic knowledge
and supplemental knowledge extra knowledge / experiences of certain things. Example:
supplemental experts might be low in camera knowledge (core) and high in computer
knowledge (supplemental) so this group of persons was most likely to adopt a digital
camera. The figure shows the 4 different groups and their positions in relation with core
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and supplemental knowledge. Starting with technovators a circle can be made to
supplemental experts, novices and finally core experts.

Supplemental
Knowledge 4

Supplemental | Technovators
Experts

Novices Core Experts

B

Core Knowledge
Figure 3.2: The technology adoption cycle by Saaksjarvi [Saa06]

The next table (table 3.1) shows the connection between knowledge and compatibility.
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Model of Adoption likelihood by Saaksjarvi

Interested Solely in Interested In both
technology. Not in adopting technology and adopting
the innovation the innovation.
Switching prone.
more loyal towards

1 Technovators innovation.
Interested in new technology Realize that the innovation
as an extension of their would be beneficial to use.
existing knowledge, but do not

Supplemental see a reason for the

T experts innovation.
positive towards the Open towards the
innovation but do not feel that | innovation, willing to learn,
they are target group for the usually asks for assistance
innovation ("this innovation is | from knowledgeable peers.

1t Novices for technical people")
Resistance towards the Less resistance towards the
innovation, not willing to learn | innovation, willing to learn.
Distrust towards new Sees the opportunities with
technology. new technology.

Knowledge  Core Experts

compatibility — — — — —
Tabel 3.1: Model of adoption likelihood by Saaksjarvi [Saa06]

This table gives a few examples of compatibility related to the 4 groups. Low at
compatibility can also mean incompatibility.

§3.3 Lambert

Lambert describes three customer types of a company. [Lam06]

e Internal customers: Customers within the organization who are next in line to
receive the product. Examples could be production line workers who receive the
product or customer service representatives.

e Intermediate customers: Often these are distributors who purchase a product and
sell it to retailers

e External customers: The consumer of the product or service is the external
customer. This class of customers has the most important requirements and they
must be met, otherwise they will not purchase the product.

Lambert [Lam06] selects his groups on the place of customers in the supply chain. So are
internal customers in the beginning of the supply chain, intermediate customers are in the
middle of the supply chain and external customers are at the end of the supply chain.
Every group has their own kind of soft reliability problems. The final group, external
customers, is the largest group en therefore these group can generate most problems. But
it can be interesting to focus also on the other groups because those groups have earlier
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contact with the product than external customers. Those groups generate field calls first
of all. But those groups will use the product in a different way than external users.

§ 3.4 Conclusions Customers Categorization

In previous paragraphs methods were presented to categorize customers. Every method
has their own way of categorizing customers; customers can be categorized by their new
technology adoption, their knowledge and interests in new technology, their place in the
market and their knowledge of the technique of the products they buy.

Next chapter will present some methods that are used nowadays to find soft reliability
problems. Which criteria are used by those methods to select their participants, will be
the main question of that chapter.
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Chapter 4: Overview Test Methods

This chapter gives an overview of several product development methods and techniques
used nowadays to discover soft reliability problems. In the introduction of this chapter
(§4.1) an explanation is given about the structure of this chapter.

§4.1 Introduction

As mentioned in previous chapters, customers play an important role in the product
development process when the goal is to prevent soft reliability faults. That’s the reason
why some development processes and techniques will be described below to illustrate the
role of the customer in the process.

The goal of this thesis is to get more information of customers that are involved in the
product development process. The processes will be discussed below in several
paragraphs and after a short description the customers used in the process will be
handled. Main question is: Does customer differentiation take place in the development
process? And if differentiation takes place, how or on what reasons does it take place?
These are important sub-questions for this thesis, because differentiation is ok, but it is
important to know how it happens. If differentiation characteristics are known then in
chapter 5 criteria for soft reliability problem testing can be formulated.

First start with table 4.1 where an index of the methods and techniques that will be
examined will be given and their paragraph numbers.

PDP / technique

Usability testing §4.2 §4.2.1 Nielson
§4.2.2 University of Copenhagen
§4.2.3 Dumas

Lead-user method §4.3 Von Hippel

Focus group §4.4

Tabel 4.1: Overview several test methods

In the next paragraphs all methods shown in the left column of table 4.1 will be presented
and at the end of each paragraph questions will be answered: Does customer
differentiation take place, and if so, how is it done, on what reasons? In table 4.1
paragraphs where each method will be presented are displayed.

§4.2 Usability testing

This paragraph gives some general information about usability testing. First some
definitions will be given. Then in sub-paragraphs (§4.2.1, §4.2.2 and §4.2.3) different
views on usability testing will be presented and the questions mentioned in §4.1 will be
answered.

As mentioned before, first some definitions will be given on usability testing.
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Gullett gives a definition of usability testing [Gul02]: Usability testing is the process of
working with end-users directly and indirectly to assess how the user perceives a
software package and how they interact with it. This process will uncover areas of
difficulty for users as well as areas of strength.

Another definition is given by Gaffney [Gaf99]: Usability testing is a technique for
ensuring that the intended users of a system can carry out the intended tasks efficiently,
effectively and satisfactorily.

The following sub-paragraphs will give the views on usability testing of Nielson (§4.2.1),
University of Copenhagen (§4.2.2) and Dumas (§4.2.3)

§4.2.1 Nielson

One guru in the field of usability testing is Jacob Nielsen. He wrote many books and
articles about usability testing. Nielsen’s [Nie93] main point is that companies must do
some usability tests, just because they can save money. Because if they don’t do usability
tests, a bad-designed product will not be a commercial success and people are not happy
to use it, so they will not buy a new one. And if companies don’t do usability tests the
costs for modifications are much higher when the product is already introduced, when it
appears that the product was not well designed.

Nielsen [Nie93] states that for products that are upgraded and not totally new for the
market, the test panel must be created by users that have much experience with the
product and people that have less experience with it. (This is also called novice and
expert users) Nielsen is the only person that said that novice and expert users must not do
the same tests. Only a part of the test is similar and the rest must be tasks related to the
group. Nielsen doesn’t tell us when someone is an experienced user and when he’s a
novice user. He doesn’t give criteria when someone is an expert user, like you must have
worked with a similar product for at least 3 years.

If there is not much money available for doing usability test then you should not take
extreme users (extreme novice / extreme expert) but it is better to take more average
users. Nielsen doesn’t say what is much money and what is less money, because this
depends on the products that must be tested. More average users must be used when less
money is available because when used in practice also the more average users will use it
and not just the very expert or novice users. But when more money comes available then
you can spread test users into novice and expert users and you can hire a little bit more of
them. Nielsen also doesn’t say what the qualifications are for an average user; this means
that he doesn’t give any specifications.

Some products are produced for a special type of users, like a new system for dentists.
Then dentist form different locations should be taken and also novice dentists and expert
dentists to get the best results. Not only dentist form one dentist-practice because they
can use all the same working methods and might not find as much failures as wanted by
the test team.
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If the product is totally new on the market then students or unemployed people can be
hired to do the tests. Of course students (and the unemployed) must be selected with
some interest in the new product. But keep in mind that students are young and get easier
used to a new product then elder people thus that’s a point of concern while doing a test
with students. Students are easy to find and easy to motivate for testing new products.
But when a product is new on a market also the possible users of the products can be
selected to do the tests. Possible users are the targeted group for which the product is
developed.

Another group of potential testers are elderly people, people who got retired. They got
plenty of time to do the tests. It could be old employees of your company, in this way
they keep in touch with the firm and with the new product that will be put on the market.
But also here an important point of attention, they have often much of experience so not
all kind of faults would be found.

Sometimes people need first some training before they can do the tests. For example if a
test is on a computer and testers are not convenient with using a mouse, then they must
first have some basic mouse-training before they can do the actual test.

Nielsen clearly differentiates customers: on their amount of experiences with the product.
The next paragraph will give the view on usability testing by the university of
Copenhagen.

§4.2.2 University of Copenhagen

The University of Copenhagen differentiates also many types of test groups more in a
general way. [Cop05] They use the following types:

e Novice
This is the person who has no prior experience with this type of apparatus. This type of
test person will have the most problems finding out how to use the thing, and hence find
many usability errors.

e Experienced user
This is a person who has a lot of experience using a similar product. The experienced
user will try the advanced features and will know where to look for problems.

¢ Old inexperienced person
Old people learn more slowly and their senses and motor skills are less efficient. For
example, my old mom has difficulties double-clicking because the mouse doesn't tolerate
even the smallest movement between the two clicks.

e Handicapped user
Letting people with various handicaps test your device can be quite revealing. If test
persons with the right handicaps are not easily found then you may study various
guidelines for making things accessible to handicapped persons.
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e Child
Children are curious and adventurous. They want to try everything and may push your
device to the limits.

e The noble and upright person
This is the type of person who will read the entire manual, including legal disclaimers,
before daring to touch the ON button. This is the only person who will find errors in the
printed manual, but he will never find out if your program can generate an error message.

o The progressive and enthusiastic young man
He will try all the fancy features except the Help button. Tell him to find errors and he
will consider it a game to defeat your gizmo.

These are all different categories of people who can be selected for a usability test. It is
clear that this view differentiates customers on their experiences and their age and other
characteristics of their mind.

The next paragraph will give the view of Dumas on usability testing.

§4.2.3 Dumas

Dumas is another guru in the field of usability testing. Also Dumas has his opinions on
how a test group for testing new products must be constituted. Dumas [Dum99] gave in
his book: A Practical Guide to Usability also some points of attention when doing
usability tests.

First of all we must think broadly about the users that will use the product now and in
future. When introducing a new product don’t just focus on the innovators, in time also
other groups of consumers have to deal with your products. So it must be suitable for
more people than only the first users. For instance the latest DVD-recorder must not been
developed for today’s users but also for the laggards, who might buy such a product in 5-
6 years.

When introducing a product for your own company, not only today’s employees must
work with it, they can get fired or new people must also use it due to expansion of the
firm. So don’t make a product for the current users but also for future users. [Dum99]

Products can be used for other purposes than it was initially introduced for. First it was
only a product for one company’s internal use, but later it can be used wide spread
around the world, with a lot of new users using your product. This means that when you
do usability tests you must not take only the current users of the product but also the
future users. But it is difficult to predict which users will use the product in years.

As said before it is recommended to have people from all groups in a usability test
because in time they will all use the product you will introduce on the market now.
Dumas differentiates his test users on their moment of product usage.
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§4.3 Lead-user method

This method described in Von Hippels book [Hip88]: the sources of innovation; is a
special method because customers are already involved in the process before the product
development process has even been started. Lead-users identify possible features and
modifications of products and give their ideas and solutions to companies. Lead-user
method is a process that handles far before the concept phase of the new product.

Von Hippel defines it so: “Lead users” of a novel or enhanced product, process or service
have been defined as those who display two characteristics with respect to it:
1. They face needs that will be general in a marketplace — but face them months or
years before the bulk of that marketplace encounters them. And
2. They expect to benefit significantly by obtaining a solution to those needs.

Question is again, does customer differentiation take place when the lead-user method is
used? Answer is yes. Not everybody is in the position to become a lead-user. A lead-user
needs some special qualities like; he must be able to analyze products well and must be
able to give some recommendations for further research and development. He can give
the companies advices on how to make the product better, or he can say which features
are still missing in the product. This means that user differentiation takes place on the
knowledge of the product and their capability to anticipate on future technologies.

§4.4 Focus groups

This paragraph gives an overview of the role of focus groups in the product development
process.

A definition of focus groups is given by the zanzara company [Zan02]: focus group is a
group brainstorming session run by a moderator. Focus groups have to perform several
tasks, which are observed by the moderator and observers in another room. The tasks can
be performing tasks on the product or that they have to compare one product with that of
the other competitors in the market. The group size is normally between six and ten
people.

Graves [Gra98] describes in his article “Customer Satisfaction” that the selection of focus
groups must be based on demographics psychographics and conflict of interest issues.
And if the group is selected by an independent market research firm then you will get the
best results for your product.

The University of Pennsylvania [UoP06] describes also their methods for selecting
customers who will participate in focus groups. One method is that they will use the
contacts of the supplier. Another way is to advertise on the web that participants are
needed for a focus group session; this is least preferred because you don’t know if there
are enough qualified candidates that are willing to participate. Problem is that they will
not tell what is needed to be qualified.
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The Zanzara company [Zan02] describes in their article on focus groups that in a focus
group session 10-15 ordinary people were used to generate as much as possible
information for the observers of the session. They give no guideline on how these people
must be selected or if there is any selection on the participants before the session starts.

In the article: “the use and misuse of focus groups” by Nielson [Nie97], is described that
it is important that a focus group require several representative users to get a good
discussion. And for the best results there must be more than one focus group session
because discussions in one session can be sidetracked. But Nielson does not describe how
the customers used for the focus group must be selected.

After reading several articles on focus groups and how they are created, it is clear that
there is no customer differentiation when creating such a focus group. This means this
kind of tests rely on the fact that they do the test in groups and don’t pay attention to
characteristics of their test users.
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Chapter S: Criteria Soft Reliability Problem tests

This chapter will give some general criteria for soft reliability problem tests.

In chapter 3 some methods for customer classification were given. In chapter 4 some
techniques for product development were given. These were all derived form literature.
In literature, however, no information is available about the criteria a soft reliability test
has to take into account. Defining these criteria is the first goal of this chapter. In doing
this, good elements of the previous chapters are used as a starting point. In paragraph 5.5
the methods and techniques discussed in chapter 4 will be evaluated by the criteria
obtained in this chapter and a matrix will be presented where all criteria and methods are
compared to each other.

§5.1 Criteria originating from chapter 3

In Chapter 3 several ways of categorizing customers were given. Now these methods will
be discussed in order to select their best elements, which can be seen as criteria for the
soft reliability problem test.

In paragraph 3.1 Rogers’ vision was presented. His general view of categorizing
customers is ordering them to their adoption of new products. This means that there is a
difference by people when they adopt a new kind of product. Some will be very fast in
adopting new products while others will be relatively late. This means that some people
adapt to the new product when it is still at the start of its product life cycle while others
adapt the product when the product is already at the end of his lifecycle. Those different
kinds of customers will face different kind of soft reliability problems. Therefore the
customers that use the product, when the product is in a certain part of its lifecycle, are
necessary for a good test. The first criterion will therefore be the different users in a
product lifecycle. This criterion is relevant for the research question (Which customers
must be involved in a product development process to prevent soft reliability problems?)
because to prevent soft reliability problems from occurring in real life you must know
which customers will use the product in time and in what stage of the product life cycle.

In paragraph 3.2 Saaksjarvi’s view was presented. Her view was based on Rogers’ ideas
but further developed. Important point in her view was the technology knowledge of the
customers and their willingness to learn new technology. Customers with different levels
of technology knowledge will face different kinds of soft reliability problems. This
means that technology knowledge of the customers is another criterion for the soft
reliability problem test. This criterion is relevant for the research question because every
customer has different technology knowledge so every customer will perform the test
differently.

Also in chapter 3 the vision of Lambert was given (paragraph 3.3). His classification of
customers was based on their position in the supply chain. According to him customers at
the beginning of the supply chain will have different soft reliability problems than
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customers at the end of the supply chain, which is the third criterion taken into account in
this chapter. This criterion will be called the place of the customer in the supply chain
of the product. This criterion is relevant for the research question. It is important to know
at which point in the supply chain faults will occur, so the most suitable user can execute
tests.

§5.2 Criteria originating from chapter 4

In Chapter 4 several product development techniques and methods were presented. These
methods will also be discussed to select their good elements.

In the usability testing paragraph (paragraph 4.2) several theories were given. Nielsen’s
view (paragraph 4.2.1) focused in on the experience of customers with a specific kind of
products. In his tests his participants must do different kind of tests, if you have a
different level of experience. The reason for this is that customers with a different level of
experience will face different kind of soft reliability problems. The next criterion will
therefore be the level of experience of a customer. Every customer has his own level of
experience and because customers must perform soft reliability problem tests, experience
and therefore it is a relevant item in soft reliability problem testing.

The University of Copenhagen did also research on usability testing. Their idea is that
best results will be obtained when as much as possible customers will be involved from
as much as possible different groups. In paragraph 4.2.2 a total list of possible groups was
given.

List of possible groups for usability testing:

Novice

Experienced user

Old inexperienced person

Handicapped user

Child

The noble and upright person

The progressive and enthusiastic young man

This study also showed that experience of people is an important criterion for selection.
Besides this criterion also the age of the customers is important. Due to differences in
education customers will face different kinds of soft reliability problems. This means that
it is useful to involve customers from different age in your tests. And the research
question states that customers must be involved in the developing process of a new
product then it is wise to know age of customers because every age has their own
education history. The next criterion will therefore be age of the customer.

Dumas’ view on usability testing was given in paragraph 4.2.3. In his view a product will
have different users during the lifecycle of the product. And you made a product not only
for the first user but for all users. This will lead to the same criterion as Rogers’ view.
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In paragraph 4.6 focus groups were handled. The idea of focus groups was that customers
in small groups do some tests and discuss the specific product. More problems might get
discovered because customers will come further in tests. They can combine their
knowledge to achieve some level in tests. This leads to a following criterion, namely the
size of the test group. Not only individuals must do tests also some small groups must
execute tests to get some more reliability faults. Next criterion will therefore be the size
of the group. Many people will not use the product alone and therefore tests in groups
might be an interesting supplement to soft reliability problem testing.

In paragraph 4.4 the lead user method was discussed. The lead user method has as main
characteristic that there are people that can foresee problems or modifications far before
the market see them. Those people will modify the product in such a way that problems
that might occur will not occur on the market. Their talent is that they can see problems
that might occur in the future. This will lead to the next criterion: Quality to foresee
problems in the future. This is a useful criterion because these testers have a special
quality to foresee problems in future and are therefore useful for tests to prevent soft
reliability problems.

Here is the total list of criteria obtained from reviewing the chapters above.
Different users of a product in the product lifecycle

Technology knowledge

Place of the customer in the supply chain

Experience of the customer with the product

Age of the customer

Size of the test group

Quality to foresee problems in the future

DA N R L B e

§5.3 Other criteria

Besides these criteria, there are some more criteria that must be taking into account when
doing a soft reliability problems test of a product.

Culture

When a product is sold in different countries or even on different continents it is possible
that users might get some problems with it, because those users live in a different culture.
Their culture might have different standards and values and therefore the product might
be complex for them or difficult to make it compatible with other equipment. Therefore
culture of the test person is also a criterion for the test.

Culture is also getting more important due to trends mentioned in chapter 1. Due to
globalization of the market more and more different cultures get in touch with new
products and will face soft reliability problems.

The research question of this thesis is: Which customers must be involved in a product
development process to prevent soft reliability problems? Due to the globalization of the
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market, product innovation is in Europe, production in Asia and sales in America, culture
is an interesting criterion that must be taken into account.

Product customer interaction

Not everybody in the world will buy or use the product. Therefore it is important that
only those customers perform the tests that will use the product. It isn’t useful to test a
new car by a child or a handicapped person when it is obvious that they will never drive
the car. So another criterion is that there must be any product customer interaction.

If other persons than the intended group of customers must test the product then problems
might be found that wouldn’t be found by intended customers of the product. This can
cause a lot of modifications of the product while there was in fact no problem for the
intended group of customers.

In the research question “Which customers must be involved in a product development
process to prevent soft reliability problems?” is it clear that customers of the product
must perform tests and not other people, therefore this criterion is a valuable supplement
to all criteria.

Real prototype

Testing with a real prototype is better for results of the test. Customers that conduct tests
will obtain better results when tests are with real prototypes instead of ideas on paper or
on the computer. When doing a test with real prototypes people can imagine best how a
product will work and look alike in reality. Like the research question, customers must do
tests to get best results; best results will be getting when doing tests on real products.
Therefore this is a useful criterion.

§5.4 soft reliability problem test criteria

This leads to the following list of criteria for soft reliability problems tests:
1. Different users of a product in the product lifecycle
2. Technology knowledge
3. Place of the customer in the supply chain
4. Experience of the customer with the product
5. Age of the customer
6. Size of the test group
7. Quality to foresee problems in the future
8. Culture

9. Product customer interaction

10. Real prototype

These criteria need some more details before they can be used.
Different users of a product in the product life cycle, this criterion was based on Rogers’

model and therefore the guideline will be based on his thoughts. Rogers divides
customers in 5 groups, groups were based on the moment that customers adapt to new
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technology / products. The criterion will be fulfilled best when people from every
category (innovators / early adopters / early majority / late majority / laggards) are
present at the test. It is difficult to say how much people exactly must execute the test. It
is common knowledge that there is not an endless budget and time for testing so
companies will try to save money whenever they can. If it is not possible to have
customers from all 5 categories then customers from category 1,3 and 5 or 2 and 4 can be
taken. 1,3 and 5 for getting biggest contrast in all results and 2 and 4 to get more faults
found by the larger groups of the model. How many customers from every category are
needed is also difficult to say. A few will do.

Technology knowledge is the next criterion based on Saaksjarvi’s ideas. She divided the
customer population into 4 groups based on their technology knowledge (Technovators
Supplemental experts, Novices and Core experts). These four groups are ok for the soft
reliability problem test. A few people from every group will do. Also combinations of
groups will do 1 and 3, 1 and 4 or 2 and 4 if money must be saved. Not 2 successive
groups because those groups might found similar problems and you want to find different
problems.

Next criterion is place of the customer in the supply chain. The test will be ok if from
every place in the supply chain some customers will do the test.

Experience of the customer with the product is the next criterion based on Nielsen’s book
usability engineering [Nie93]. He also thought about sizes of the test panel and depending
on budget he selects people in 2 or 3 categories. With 2 categories you get a novice group
and an experienced group. When customers were divided into 3 groups again a novice
group was created, a very experienced group and a group between them.

Age of the customer is also a criterion. It is not necessary to get people from every age in
the test because that is too expensive and time consuming. But some children or
teenagers, some customers around 30-40 years old and some 50-60 years old customers
will do.

Size of the test group was also a criterion for a soft reliability problem test. Some tests
can be executed with only 1 person but some tests can be done with a group of customers.
The size of the group must not be too large because then results will not be optimal.
When a group is too large only a few people will do the real test and others actually do
nothing. Ideal size is between 6 till 10 persons.

Some people have the quality that they can foresee problems in future. So problems that
might occur in future can be prevented. Only a few people that have that quality is
enough to execute for a soft reliability problem test.

Next criterion is culture. Again many groups of customers are possible. Important is to
have some customers from every continent where the product will be sold, like an
African, an Asian and a European customer. If there are many differences between
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usages of products within continents some more customers from those different cultures
must be used.

Product customer interaction is the next criterion. This criterion is related with almost al
other criteria. Only tests must be done with customers, which are also a target group for
sales. It is useless to test a Ferrari with children and with elderly people because they will
never drive in a Ferrari. And this criterion in relation with the culture criterion|: it is not
necessary to test your product with Africans if you’re not intending to sell your product
in Africa.

The criterion real prototype is the last criterion. A real prototype is needed to get best test
results. With all functionalities of the product on the same place as the real product will
have.

Some remarks:

It is not necessary to select people for each criterion separately. Some testers from some
criteria can be combined. Criteria age, place in supply chain, technology knowledge,
experience and culture can be combined so the there can be 1 test person to do the test
with all these characteristics, and if you find another person from a different age
category, with a different culture, less technical knowledge and someone that is normally
a user at the end of the product life cycle, you got another test person with again a lot of
different criteria / qualities.

§5.5 Matrix: methods versus criteria

This paragraph will show a matrix [table 5.1] where all methods explained in chapter 4
will be judged with criteria for soft reliability problem testing.

Every method will face all criteria and get a plus (+), or a minus (-) in the matrix (see
table 5.1). A plus will be given for a criterion that is taken into account by the method, a
minus for a criterion that will not be taken into account while testing with a certain
method. When not enough information is available to give a criterion a plus or a minus,
or when the method doesn’t take into account that criterion the place in the matrix will
stay empty.

Every method from chapter 4 will be reviewed to reveal their good and bad points with
criteria obtained earlier this chapter in the next paragraphs. In paragraph 5.5.1 the
usability testing method according to Nielsen will be presented again, in paragraph 5.5.2
the usability testing method according to the university of Copenhagen will be presented
and in paragraph 5.5.3 the usability testing method from Dumas will be handled. Then in
paragraph 5.5.4 the lead user method will be presented again and in paragraph 5.5.5 focus
groups will be handled.
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§5.5.1 Usability testing: Nielsen

First the usability testing method according to Nielsen will be handled. This method will
be judged against all criteria for a soft reliability problem test. Usability testing according
to Nielsen implies that customers will be selected by the amount of experience they have
with the product. This means that many criteria won’t be possible to judge because not
enough information is available on the criterion in relation with Nielsen’s view. Below
only criteria that score a plus or a minus will be showed. The plusses and minuses will be
displayed in the matrix at the end of this chapter.

4. Experience of the customer with the product
This criterion is positive for Nielsen’s usability testing. He selects his test users on their
experience with the product. This means a plus in the matrix.

6. Size of the test group
Size of the test group criterion is negative for Nielsen’s usability testing, because his test
users perform individually tests and not in groups. This means a minus in the matrix.

9. Product customer interaction

Next criterion is product customer interaction. Nielsen does not select his candidates on
the possibility that they will once use the product, while the criterion states that only
customers that will use the product once, must perform the test. So this criterion will be
negative and therefore a minus in the matrix.

10. Real prototype
And finally criterion real prototype, this criterion is positive because the test users can
perform their tests on real products. This will therefore leads to a plus in the matrix.

§5.5.2 Usability testing: University of Copenhagen

In this paragraph the usability testing method according to the University of Copenhagen
will be judged with criteria obtained earlier in this chapter. This method focuses on the
age of the testers and their experiences with the product. This means that also this method
will not take into account all criteria. This means that again only a few criteria will get a
plus or a minus in the matrix and that for the other criteria not enough information is
available to make a clear judgment. Next will follow criteria that score a plus or a minus.

4. Experience of the customer with the product
Experience of the customer with the product scores a plus in the matrix, because both
novice and experienced users must execute the usability test.

5. Age of the customer
This method does take into account the age of their test persons. From children till elderly
people, all of them must perform the test. This will be a plus in the matrix.

6. Size of the test group
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All tests are performed individually and therefore this criterion, size of the test group,
scores a minus in the matrix.

9. Product customer interaction

Usability testing according to the university of Copenhagen has so many different test
users that it is obvious they won’t all use the product that they’re testing. This means that
the product customer interaction criterion gets a minus in the matrix.

10. Real prototype
The usability test is performed with a real prototype. This means a plus in the matrix.

§5.5.3 Usability testing: Dumas

In this paragraph the usability method according to Dumas will be judged with criteria for
soft reliability testing obtained earlier in this chapter. Dumas’s view focuses on the place
of the customer in the product lifecycle. Now will follow those criteria that score a plus
or a minus in the matrix. All other criteria are not possible to be judged because Dumas
doesn’t focus on those other criteria.

1. Different users of a product in the product lifecycle

This first criterion scores a plus in the matrix. In Dumas’ view on usability testing you
must not only select customers who will start buying the product but also the customers
that will use the product later in the product life cycle of that product.

6. Size of the test group
The size of the test group will give a minus in the matrix because Dumas’ method is
made for individually testing.

9. Product customer interaction

This criterion will score a plus in the matrix because Dumas selects his test users in such
a way that he will only use test users that will use the product at some time in the product
life cycle.

10. Real prototype
This criterion, real prototype, scores also a plus in the matrix. Dumas’ test persons
execute the tests on real prototypes to get best results.

§5.5.4 Lead user method

In this paragraph the lead user method will be judged with criteria. Von Hippel’s method
focuses on the ability of his test users to foresee problems in future and their ability to
bring up solutions to problems they found. Again only those criteria that will get a plus or
a minus will be shown below. All other criteria are not possible to be judged because Von
Hippel doesn’t focus on those criteria in his method.
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1. Different users of a product in the product lifecycle

The lead user method according to von Hippel scores a minus on this first criterion,
because lead users are in the first part of the product lifecycle. Otherwise their thoughts
about improvements of the product will not make sense anymore.

2. Technology knowledge

On this second criterion, technology knowledge, the lead user method scores a plus in the
matrix. Lead users have the ability to foresee problems and to invent some suitable
solutions for problems foreseen; therefore lead users must have some technology
knowledge.

3. Place of the customer in the supply chain

The place of the lead users in the supply chain is in the first part or even before the
supply chain of that product actually starts. Otherwise users of the product couldn’t profit
of the modifications made by the lead users. Thus this is a minus in the matrix.

6. Size of the test group
Criterion 6, size of the test group, will score a minus in the matrix because lead users
operate individually and not in groups.

7. Quality to foresee problems in the future

This seventh criterion, quality to foresee problems in future, scores a plus in the matrix
because lead users have this ability. Through their ability to foresee problems and their
ability to invent solutions for those problems, they’re called lead users.

9. Product customer interaction

Lead users use the product themselves otherwise they cannot make improvements of the
product. So this criterion will score a plus. Remark: lead users are not the only users of
the product but they use it and therefore there is product customer interaction.

10. Real prototype
A real prototype is also needed for lead users otherwise they cannot foresee problems in
future and can’t they propose solutions for problems found.

§5.5.5 Focus groups

In this paragraph criteria for soft reliability problem testing will be judged on the focus
group method. Focus groups consist of group sessions where testers perform their tests.
Again the criteria that can be judged with this method will be shown below. The
remaining criteria couldn’t be judged because the focus group methods don’t take them
into account.

6. Size of the test group
At the sixth criterion, size of the test group, there will be a plus in the matrix. Because
test persons operate in groups, members will help each other to achieve results.
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10. Real prototype

The tests will be executed with real prototypes to get best results. This means that test
persons work in their focus group with a real product and therefore there will be plus in
the matrix.

All results obtained in the previous paragraphs will be shown in the next table 5.1, it is
called the matrix because all methods are crossed with criteria.

ifferent users of a product in the product lifecycle
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Table 5.1: Matrix: scorecard methods vs. criteria
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Chapter 6: Analyzing data matrix and ideal test

In this chapter the results presented in the matrix [table5.1] will be analyzed; and an ideal
test will be presented for soft reliability problem testing. First in paragraph 6.1 the matrix
will be analyzed. Then in paragraph 6.2 an ideal test will be presented. Finally in
paragraph 6.3 some considerations will be presented to solve the ideal test or to make that
test more practical.

§6.1.1 analyzing data matrix

In this paragraph the matrix [table 5.1] will be looked after to see if some conclusions can
be drawn from it.

It is obvious that plusses in the matrix are ok. That means that the criterion is used by the
selected method. Minuses are therefore not ok; then the selected method doesn’t take into
account that criterion.

It is clear that none of the methods give any attention to criterion culture. None of the
methods keep in mind that products are sold worldwide and therefore used by people
form different cultures with a different level of education and standards.

Criterion size of the test group scores most minuses. That’s logical because all tests
(except focus groups) are performed individually and don’t take into account the value of
a group session in tracking down failures of the product.

All methods use real prototypes for their tests to obtain best test results. Therefore the
whole column in the matrix is positive with pluses. Maybe the criterion is obsolete if all
methods are positive? The criterion is necessary because there are also methods that
already execute tests before a prototype is available. Test persons must then perform test
form prints or online. Examples of those tests are not used in this thesis.

Criterion product customer interaction scores a minus twice and two times a plus. This
means that some methods use indeed only users that will indeed use the product and other
methods just use test persons not looking after if they will indeed use the product.
Problem with this last group of tests is that problems can be revealed and solved that
might not have occurred when only persons test the product that will use the product.

Many criteria score only 1 plus or minus. This means that only 1 method sees the value of
that criterion.

Especially the criterion place of the customer in the supply chain needs some more
attention. This criterion scores only one minus. This implicates that none of the methods
thinks about the whole supply chain of the product and the possible problems that it will
bring along.
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The column total score in the matrix is empty. Because none of the methods get a plus or
minus in every category it is difficult to summarize all values. Besides that, there might
also be a reason that every criterion doesn’t have the same weight in the whole system of
criteria. Further research is needed to give every criterion their weight.

Conclusions from matrix:
e All methods don’t take into account all criteria for soft reliability problem testing.
e Some criteria are only used by 1 method.
e Soft reliability problem tests can be improved a lot by selecting the right people
for the tests

§6.2 Ideal test
In this paragraph the ideal test for soft reliability problem testing will be presented.

The ideal test must have elements of all criteria otherwise it won’t be the perfect test. At
the moment there is not such a test. Here’s the list of criteria for the ideal test:

e Different users of a product in the product lifecycle. For the ideal test you have
participants from every five categories, from an innovator till a laggard.

e Technology knowledge, for the ideal test you got participants from every 4
categories, from a core expert till a technovator.

e Place of the customer in the supply chain, people from the entire supply chain
must cooperate in the tests.

e Experience of the customer with the product. People with less and people with a
lot of experience with the products are needed for the ideal test and if possible
people with an inadequate amount of experience.

e Age of the customer, customers from every age category must participate in the
tests, but only those categories that will actually buy the product.

o Size of the test group, not only individual tests must be done but also some group
sessions in focus groups are good to reveal soft reliability problems in products.

o Quality to foresee problems in the future, some people that have this ability are
needed to prevent some problems in future.

o Culture, participants with different cultures must participate in the tests.

e Product customer interaction, only people that will actually buy and use the
product must execute the tests.

e Real prototype, best results will get when people can perform the tests on real

prototypes.

It’s obvious that this kind of test with taking into account all criteria is expensive and
time consuming. Therefore the next paragraph will give some practical considerations on
what will be useful to do first to get an ideal result. (ideal result = revealing lot of soft
reliability problems at low costs and in less time)

50 Soft Reliability Problem Reduction Before Product Launch



T U /e technische universiteit eindhoven

§6.3 Practical considerations

Above the ideal test is displayed as one big test. But that ideal test provokes also some
problems. Many testers must be selected and many experiments must be done to get best
results. But companies have not endless time and testers with those specific qualifications
to execute the tests. Finding the right people and equipment for the tests is expensive;
therefore the criteria will again be looked after to see which criteria are most valuable for
a company.

Three views will be presented in the next subparagraphs to solve the ideal test, or views
on which criteria are most important for tests. In paragraph 6.3.1 factorial experiments
will be presented, criteria grouping will be presented in paragraph 6.3.2 and in paragraph
6.3.3 a consideration will be presented on which criteria are easy to implement or
generate most benefits of implementation.

§6.3.1 Factorial Experiments

Ideal tests can be solved with factorial experiments [Mon02] where from every criterion
only a few test persons will be used and all other results will be calculated. A factorial
experiments with interactions is needed because the criteria are not mutually independent.
When performing a test in such a way money can be saved because a minimum of tests
have to be executed. Also Baskoro [Bas06] writes in his doctoral thesis about full
factorial experiments and his advice is to reduce the amount of factors as much as
possible to reduce the amount of experiments. The ideal test has 10 factors (criteria) and
some criteria have many levels (4 or 5) which mean that the amount of tests to be done is
still very large. This is therefore a time consuming and costly method.

§6.3.2 Criteria Grouping
Looking at all those criteria it might be possible to group them in some categories.

In general some criteria are formulated by characteristics of methods and others by
characteristics of customers. Therefore at first 2 categories will be made: methods and
customers. In chapter 4 it became already clear that there were customer and method
criteria because there was no customer differentiation at the focus groups. And there was
at least customer differentiation at the other methods presented in chapter 4.

With those 2 categories further improvements in criteria selection must be possible.
The focus will be laid on category customers because category method is too much
dependent on the method used for soft reliability problem testing. :

The group customers’ criteria can be grouped further:

Criteria technology knowledge, experience of the customer with the product / technique
and quality to foresee problems in future can be grouped in a category active knowledge
and experience.
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Looking at those 10 criteria a distribution can be made.
First of all 2 criteria are dependent on the test method.

o size of the testgroup

o real prototype
Good example of this sub group of criteria is method focus groups. They score only
plusses on those two criteria while they score nothing on other criteria because they don’t
focus on them.

Besides those 2 criteria, other criteria are mostly customer orientated:
o Different users of a product in the product lifecycle

Technology knowledge

Place of the customer in the supply chain

Experience of the customer with the product

Age of the customer

Quality to foresee problems in the future

Culture

Product customer interaction

These 8 criteria can be divided further:
Customer criteria:
e Technology knowledge (passive)
e Age of the customer
o Culture

Knowledge criteria (active knowledge of technique and product)
e Technology knowledge (active)
e Experience of the customer with the product
e Quality to foresee problems in future

Time criteria
o Different users of a product in the product lifecycle
¢ Place of the customer in the supply chain

These product criteria have a certain overlap, place of the customer in the supply chain
has a bigger scope than different users of a product in the product lifecycle.

Comment product customer interaction:

It is to specify some criteria a little bit more, like the criterion of age. In §5.4 was
suggested to take a few children / teenagers, some customers around 30-40 and some
customers round 50-60 years old. Only take those customers that will be using the
product. If the targeted group of customers consist of customers between 30-60 years old
then it is useless to use teenagers in your tests.

If this will be done for all criteria then there will be one criterion redundant. Product
customer interaction will then be guaranteed by other criteria.
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But further research reveals that it is not possible to neglect that criterion. Aarts [Aar03]
writes in his book: the new everyday that systems are adaptive to the person that uses it.
Products can change in time by users of the product. In that way it might be difficult to
execute 2 tests exactly the same and therefore there is difference in the product customer
interaction.

It’s possible to make those groups visible in a matrix:
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Size of the test group /+\
Quality to foresee problems in the future \ |/ +
Culture \+/ +
Product customer interaction +
Real prototype \+/ F

Table 6.1: matrix criteria grouping

Ellipses in table 6.1 show the correlation between criteria, when a company decides to
implement criterion culture for example it’s relatively easy to implement also criteria age
of the customer and technology knowledge.

§6.3.3 Benefits of implementation / ease of implementation

At the start of this thesis in figure 1.3 it was shown that the amount of no fault found
problems was increasing. This means that current methods used by companies are not
good enough anymore. In the matrix (table 5.1) it was obvious that none of the methods
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does take into account all criteria for an ideal test. This means that current methods must
be extended with some more criteria. It will get too expensive when all criteria must be
extended with current methods. The effect of the final extra criterion will be less.
(Decreasing yield) This means that some criteria will have a greater effect than other and
some are easier to achieve than others. Below all criteria will be checked again to see if
some criteria will be more profitable to add on than others. Profitability can be measured
by ease of implementation and benefits for soft reliability problems prevention. All
criteria will be looked at to see how they score on those two points. Finally results from
all criteria will be made visible in figure 6.1.

1. Different users of a product in the product lifecycle

Criterion “different users of a product in the product lifecycle” is maybe not very easy to
implement in existing methods. Because you focus on a certain market with your product
but the customers that will buy the product later in the product lifecycle are not well
known by the companies. But with further research of the market right persons for tests
can be selected and then also problems that might only be found later in the product
lifecycle can be found before the product launch. Ease of implementation: hard. Benefits
from implementation: high.

2. Technology knowledge

Criterion “technology knowledge” is an important criterion because this thesis focuses on
high tech industry where technology is important. Products are not only used by people
with technology knowledge but also by people who have less technology knowledge.
And both groups will discover different kinds of soft reliability problems. It is relative
easy to find people with or without technology knowledge (with technology knowledge
might be harder to find) this means that implementation of this criterion in existing
methods is not very expensive. Ease of implementation: easy. Benefits from
implementation: high.

3. Place of the customer in the supply chain

Criterion “place of the customer in the supply chain” is difficult to unite with some of the
methods discussed in chapter 4. None of the methods uses this criterion yet. This means
none of them have some experiences with it. The focus of the producer of the product is
on the market and not on the stations before a product reaches the market. But also in that
stage it is possible that problems will occur, but the majority of the customers will not
face them. That means that it is less important to implement this criterion into some
method. Ease of implementation: easy. Benefits from implementation: low.

4. Experience of the customer with the product
Criterion “experience of the customer with the product” isn’t very easy to add to existing
methods; but the results of the experienced people and less experienced people can be a
great help for designers of the product. The majority of customers will have an
inadequate amount of experience with the product. To find those people with an extreme
amount of experiences and those who have fewer experiences with the product might be
difficult. Ease of implementation: hard. Benefits from implementation: high.
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5. Age of the customer
Criterion “age of the customer” is a criterion that can be implemented relatively easy in
current test methods. The product is made for a certain group of customers, get their
range of ages and then make 2-3 age-categories. In this way it is easy to discover if some
age-category has more problems with the product than other age-categories. Ease of
implementation: easy. Benefits from implementation: high.

6. Size of the test group
Criterion “size of the test group” can easily be added to some tests. Many of the tests
studied in this thesis work individually. These tests can be adapted so some parts of the
tests will be performed individually and some parts in a group session. In that way also
benefits from the group session will be visible for the producers of the product; and more
faults will be found before product launch. Ease of implementation: easy. Benefits from
implementation: high.

7. Quality to foresee problems in the future

Criterion “quality to foresee problems in future” is a difficult criterion to handle. It is
difficult to find customers that have the ability to foresee problems in future, but, if some
were found, they can be very useful in the tests of the product. They are able to reveal
many problems that might occur in future when to majority of customers will use the
product. And besides revealing the problems they’re also capable to solve those
problems. This means that if a company wants to invest in their search for this type of
customers they can solve a lot of problems that might occur in future. Ease of
implementation: hard. Benefits from implementation: high.

8. Culture

Criterion “culture” can prevent a lot of problems if customers with different cultures
conduct tests. Then problems in a certain part of the world can be prevented. But the
costs to add this criterion to a specific method are relative high. Tests must be executed in
the countries of test persons to get the perfect environment. This means that the company
that produces the product must create test facilities on all continents of the world while
the product is developed only in one plant on one continent. (Assumption: the product
will be sold worldwide). Ease of implementation: hard. Benefits from implementation:
high.

9. Product customer interaction
Criterion “product customer interaction” can be added relatively easily to methods that
are not using this criterion right now. Just one additional question on the entry form for
test candidates will do. Then only faults will be found that real users will face. And all
other problems will not be found, but that’s ok because it is only necessary to solve the
problems of real customers of the product and not all problems of the product. Ease of
implementation: easy. Benefits from implementation: high.

10. Real prototype
All methods discussed in this thesis use a real prototype, thus in that way not an
improvement can be made. But that doesn’t mean that a real prototype might be obsolete
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for a soft reliability problems test. It is really important that customers of the product can
execute their tests on real prototypes of the product. Ease of implementation: easy.
Benefits from implementation: high.

Now it’s possible to plot those criteria (figure 6.1) then it is visible which criteria are
worth to be integrated in tests. There are no real scales on the axes. There are in fact four
clusters (++, +, + and -) ++ means easy to implement and good benefits from
implementation, + means easy to implement en low benefits from implementation or hard
to implement and high benefits from implementation, - means hard to implement and low
benefits from implementation.
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Figure 6.1: Ease of implementation vs. Benefits from implementation

Legend:
1. Different users of a product in the product lifecycle
2. Technology knowledge
3. Place of the customer in the supply chain
4. Experience of the customer with the product
5. Age of the customer
6. Size of the test group
7. Quality to foresee problems in the future
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8. Culture
9. Product customer interaction
10. Real prototype

In Figure 6.1 it became visible that 5 criteria can be implemented relatively easily with
good benefits:

2. Technology knowledge

5. Age of the customer

6. Size of the test group

9. Product customer interaction

10. Real prototype

4 other criteria can also be implemented but are harder to implement but generate also
many benefits:

1. Different users of a product in the product lifecycle

4. Experience of the customer with the product

7. Quality to foresee problems in future

8. Culture

Criterion 3 (Place of the customer in the supply chain) is easy to implement is relative
easy to implement but benefits form that implementation are relative small.
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Chapter 7: Conclusions / Recommendations further research

This chapter will give the final conclusions and recommendations of this master thesis. In
paragraph 7.1 the conclusions and answers on the research questions will be presented
and in paragraph 7.2 the recommendations for further research will be given

§7.1 Conclusions

This paragraph will give the conclusions of this master thesis and the answers on the
research questions stated in chapter 2.

In chapter 1 and 2 the problem was presented. Due to trends in the industry it was not
possible for companies to improve their product in time. Feedback of their products in the
market came too slow; therefore it was necessary that tests must take place before the
launch of the product, which means during the developing phase of that product.
Companies were concerned about the increasing amount of no fault found problems. So-
called soft reliability problems are part of it. These problems occur when different
customers use the product, everybody in their own way. If companies want to lower no
fault found problems then they must involve different customers in their tests for soft
reliability problems. Main question: which customers with which qualities?

The research question was:
Which customers must be involved in a product development process to prevent soft
reliability problems?

After that research question two additional research questions were stated.
Sub research question 2.1: How can customers been categorized?

And besides this sub research question another sub research question was needed, which
current methods are used by companies to reveal soft reliability problems.

Sub research question 2.2: Which product development methods or techniques are used
for developing highly innovative products and involve customers in their process to
indicate soft reliability problems?

The conclusion from chapter 3 is that customers can be categorized in several ways.
Rogers’ view is that customers get organized by the moment they adapt new products to
them. Saaksjarvi’s ideas are: that customers are grouped by their technology knowledge
and their willingness to learn new technology. While Lambert categorized them to the
place they have in the supply chain. This is the answer on sub research question 2.1.

Then in chapter 4 several methods were presented to reveal soft reliability problems in
products. Three methods for usability testing were presented, a lead-user method and a
focus group method. All these methods select their customers using other criteria or use
other elements form methods that are unique in comparison with other methods. This is
the answer on sub research question 2.2.
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In Chapter 5 all methods from chapter 3 and 4 were examined to filter criteria that are
necessary to conduct a soft reliability problem test. A list of 10 criteria was found:

32 g0 9N s W B e

Different users of a product in the product lifecycle
Technology knowledge

Place of the customer in the supply chain
Experience of the customer with the product

Age of the customer

Size of the test group

Quality to foresee problems in the future

Culture

Product customer interaction

10. Real prototype
All methods from chapter 4 were facing these criteria and a matrix was made with these
criteria (see table 5.1)

In chapter 6 the matrix was analyzed, then criteria which must answer an ideal test were
presented. The ideal test must have elements of all criteria otherwise it won’t be the
perfect test. Here’s again the list of criteria.

Different users of a product in the product lifecycle. For the ideal test you have
participants from every five categories, from an innovator till a laggard.
Technology knowledge, for the ideal test you got participants from every four
categories, from a core expert till a technovator.

Place of the customer in the supply chain, people from the entire supply chain
must cooperate in the tests.

Experience of the customer with the product. People with less and people with a
lot of experience with the products are needed for the ideal test and if possible
people with an inadequate amount of experience.

Age of the customer, customers from every age category must participate in the
tests, but only those categories that will actually buy the product.

Size of the test group, not only individual tests must be done but also some group
sessions in focus groups are good to reveal soft reliability problems in products.
Quality to foresee problems in the future, some people that have this ability are
needed to prevent some problems in future.

Culture, participants with different cultures must participate in the tests.

Product customer interaction, only people that will actually buy and use the
product must execute the tests.

Real prototype, best results will get when people can perform the tests on real

prototypes.

This ideal test concept is too much time consuming and too costly to execute. Therefore
three possibilities were given to solve this problem, to make it easier to use.

1.

The ideal test can be solved by using factorial experiments, but then again many
experiments must be carried out.
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2. Criteria grouping can be done to reduce the amount of criteria, or to show which
criteria are related to each other and are easy implement when 1 of those is
implemented. Possible combinations are: Technology knowledge (passive), age of
the customer and culture; Technology knowledge (active), experience of the
customer with the product and quality to foresee problems in future; different
users of a product in the product life cycle and place of the customer in the supply
chain.

3. Criteria were looked after their ability to implement and their benefits after
implementation. In Figure 6.1 it became visible that 5 criteria can be implemented
relatively easily with good benefits:

2. Technology knowledge

5. Age of the customer

6. Size of the test group

9. Product customer interaction

10. Real prototype
4 other criteria can also be implemented but are harder to implement but generate
also many benefits:

1. Different users of a product in the product lifecycle

4. Experience of the customer with the product

7. Quality to foresee problems in future

8. Culture

§7.2 Recommendations further research
This paragraph will give some recommendations for further research.

How many customers must be used for optimal results?

In this thesis the focus was on which customers are used in product development
processes. Interesting would be to know, how much customers do you need to get an
optimal result. At one side you can select more and more customers to be part of the
developing process to get as many problems that must be solved before the product will
come on to the market. At the other side there is an economical threat that must be dealt
with, more customers mean more expenses and introducing a new product must be
profitable.

Different products different criteria

It is possible that different products need different tests to optimize the product. Some
products need different criteria for their tests. Example for new computers it might be
useful to use the criterion “quality to foresee problems in future”, while for I-pods it
might be more useful to focus more on criterion “culture”.

Further research is possible in that area but also in a more general way. Criteria found in
this thesis were suitable for highly innovative products. But are those criteria also suitable
for other types of products?
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More criteria

When the focus of finding criteria for soft reliability problem testing is getting wider, that
means also other branches will be involved for getting their criteria for testing, then
maybe other criteria can be found that have influences on soft reliability problems.

How to get customers for tests

After doing some factorial experiments it is clear which customers are needed for tests.
Then it is clear what specifications a customer must have. Then it must be checked if
those types of customers are possible solutions. (like a child with very much technology
knowledge is hard to find or not even possible) if there are impossibilities then a new test
model must be made with only suitable customers. And finally it is necessary to find the
requested customer with all his unique criteria and to convince him to cooperate with the
company to improve products that will be launched on the market soon.
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