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Abstract 

Companies producing highly innovative products are currently faced with an increase in 
soft reliability problems. Information in service center databases is currently not capable 
of solving these new, often non-technical, failures. This thesis derives information 
requirements and measurements to solve these failures. Four other consumer information 
databases are evaluated on these requirements to determine if they can be used to solve 
these failures. 
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Executive Summary 

Context 
Companies developing highly innovative products in consumer electronics are faced with 
four mayor trends influencing the trade-off between pricing and functionality on the one 
hand and product quality and reliability on the other hand: 

• Increasing product complexity 
• Increasing globalization 
• Shorter time-to-market 
• Higher customer expectations 

To be able to cope with these trends and to remain competitive companies need 
information. 

Up until a few years ago the research in quality and reliability was focused on the 
analysis of hard failures ( out-of-spec failures), most information was collected for this 
purpose, and quality and reliability (Q&R) problems were decreasing. The last decade the 
number of complaints on new products is rising again (i.e. more reliability problems 
occur), because of the trends mentioned above. 
A lot of these "new" failures are soft reliability problems, which are defined as customer 
experienced problems with an "in-spec" product (Geudens et al. 2005).Traditionally 
companies collect information about hard reliability problems in service center databases 
or initial repair facility databases, but information currently collected is not collected for 
the purpose of solving soft reliability problems. Information that is able to solve these 
soft reliability problems may be found in consumer information databases, like call center 
databases, internet forums and trade. 

Research Question 
This thesis will try to determine if information, suitable for solving soft reliability 
problems, is indeed available in other sources than the traditional information sources and 
to what extent this information can actually be used to solve these soft problems. This 
leads to the following research question: 

To what extent can information in consumer information databases be used to solve soft 
reliability problems? 

To be able to answer this question two sub questions are formulated: 
1. What aspects of information are important for the purpose of solving soft 

reliability problems? 
2. To what extent does the information in consumer information databases 

contain these aspects? 

Information Requirements 
The purpose of this research is to develop information requirements and measurements 
for the purpose of solving soft reliability problems and to evaluate consumer information 
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databases on these information requirements. The research method can be characterized 
as a mixture of theory building and a case study approach. 

Combining aspects found in quality and reliability literature with aspects recognized by 
information quality literature results in the following information requirements: 

1 Content of information: 
• Detailed problem description 
• Information about the customer profile 
• Information about the use profile 

2. Level of detail 
• Frequency 
• Owner 
• Root causes 

3. Timeliness 
4. Deployment of information 
5. Resolution 

To be able to evaluate the deployment of information access to product development data 
is necessary. Since the researcher does not have this access this requirement will not be 
evaluated in this thesis. 

Measurements 
To be able to evaluate consumer information databases on these information 
requirements measurements have to be developed. 

Measuring Content 
To measure whether a detailed problem description is present the concept of information 
granularity is introduced. Information granularity is the ability to break down a major 
information element into smaller information elements. For this research the ability to 
break down the information into a smaller part of the consumer process ( corresponding 
with information granularity level 1) is sufficient, because this is enough to be able to 
understand the information. 
Customer profile refers to the ability to categorize a customer into an adopter group. 
Adopter groups are defined by the speed by which customers in a group adopt an 
innovation. The requirement 'customer profile' is evaluated by checking whether 
information is collected for different customer groups. This approach is chosen since 
there is not yet a suitable method available for categorizing customers into adopter 
groups. 
'Use profile' is measured by evaluating whether the information demonstrates which 
functions and features are used by the customer and these functions and features are 
ranked in terms of how frequent they are used. Additionally the information is evaluated 
on whether the use environment is mentioned in the information. If either of these 
statements can be answered Yes the information is evaluated as having information about 
the use profile present. 
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Measuring Level of Detail 
Frequency refers to whether it is possible to prioritize problems, i.e. which problem to 
tackle first, and can be interpreted in two ways: 

• The frequency of how often a customer group experiences the problem when they 
use the product 

• The frequency of how often a problem is reported in a database 
The first is measured by counting similar problems experienced by different customer 
groups; the second is measured by counting different problems experienced by the same 
customer group. 
If the sample size is large enough and the distribution ofreliability problems is known it 
is then possible to perform a statistical test to check if prioritization is possible, meaning 
the count of problems in a category varies significantly from the expected count of 
problems in that category. 
Owner is defined as the relevant actor in the business process, being the one who needs to 
solve the root cause of the problem. 'Owner' is measured by evaluating whether the 
owner of the information can be pinpointed by the information. 
The measurement for the information requirement 'Root causes' depends on two 
concepts: information granularity and information resolution. Information resolution was 
therefore no longer treated as a separate information requirement, but as a part of the 
information requirement 'root causes'. Information resolution itself does not say much 
about the information, but information resolution combined with granularity level is a 
measure for how uncertain the information is on what level of detail, which is how the 
requirement 'root causes' was measured. 

Measuring Timeliness 
Timeliness is the time required to obtain and deploy feedback information. Here 
timeliness will be measured as the time it takes from market introduction of the product 
until a problem is reported (time till problem=TTP) compared to the development time of 
the product. The development time of a product is the time from the first version of the 
assignment document of a product until market introduction. Ideally feedback time 
should be shorter than development time. Since it also takes time to deploy the 
information to the relevant department, TTP equal to development will still be considered 
too slow. Information with TTP shorter than development time will be evaluated as(+). 
Information with TIP equal or longer than development time will be evaluated as (-). 

Conclusions and Research Contribution 
Four consumer information databases were evaluated using the information requirements 
and measurements: 

• AV Entertainment Helpdesk database 
• Television Helpdesk database 
• Focus Group Study database 
• Internet Forum database 

The evaluations resulted in the following observations: 
1. It is difficult to determine precise information granularity levels if granularity is 

level 2 or higher. The reason for this is that it requires a complete state space of 
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all products present in a database. If these state spaces are not present it is quite 
easy to mix up these higher levels of granularity. Level 2 can easily be interpreted 
as level 3 and vice versa. This can lead to poor inter rater reliability as was the 
case for the internet forum database. 

2. All four databases contain very detailed problem descriptions, but for different 
reasons. Customers calling the helpdesks and participating in the focus group 
study either provide very detailed problem descriptions themselves or the 
agent/supervisor asks them questions to improve the level of detail and focus on 
the problem. Customers reporting their problems on an internet forum usually 
provide very detailed problem descriptions. The reason for this is that they 
probably know that more detail means others users can help more easily. 

3. Den Ouden et al. (2005a) hypothesized that information about the customer 
profile and the use profile can be found in consumer information databases. 
Evaluation of the selected databases showed that this type of information can not 
be found here, except for a very small number of records. 

4. Prioritization is possible with consumer information databases, but only if the 
sample size can be increased and more is known about the distribution of 
reliability problems for the particular product. 

5. The owner of the information can usually only be pinpointed when the root cause 
of a problem has been found, because before that time it is not known how the 
problem can be solved. The information in the databases did not pinpoint the 
owner of the information. Since this research mainly tried to understand the 
information and not to actually solve the problems, the owner could not be 
pinpointed. 

6. The root causes of soft reliability problems may prove difficult to find using these 
databases, but they can be of help. Since all four databases have high levels of 
information granularity they can be used to zoom in on the part of the consumer 
process or even parts of the product. Information resolution can then be improved 
by searching for additional bits of information, either by contacting the customer 
of using databases not evaluated in this study, like consumer test databases. 

7. The internet forum database was evaluated on timeliness and the results are 
promising. Within a month from market introduction there were already problems 
reported by customers and the complete database was collected within 9 months 
from market introduction. With development time being 13 months it is clear that 
this type of database has great potential to receive rapid feedback on products. 

Overall the evaluated databases demonstrate that they contain some aspects of the 
information requirements to solve soft reliability problems, but they lack the ability to 
solve them by themselves. The AV entertainment helpdesk and television are similar 
databases. Both have low information resolution, but information granularity is higher for 
the AV entertainment helpdesk than for the Television Helpdesk. This is probably caused 
by the different types of products mentioned in these databases. 
The focus group and internet forum database have very high information granularity and 
higher information resolution than the other two databases and thus have more potential 
to discover the root causes of soft reliability problems. 
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The two major contributions of this research project are: 

• 

• 

Information requirements and measurements were developed to evaluate 
databases in their capability of solving soft reliability problems. It is now possible 
to evaluate databases and understand the information recorded by them. The 
results showed the evaluation method does not work equally well for all 
databases. Audio and video files can be evaluated with high internal validity, but 
text files cannot; measurements of the information requirements are media
specific. Further research needs to be done to be able to adapt the measurement to 
the media-type under investigation. 
Four consumer information databases were evaluated and results showed that 
these databases have very little potential to solve soft reliability problems by 
themselves. All four databases have high information granularity levels. 
Therefore the information can be used to zoom in on the problems. However 
information resolution is low, meaning the uncertainty about the root cause of the 
problem is still high. Furthermore none of the databases contain information about 
the customer profile and use profile. Further research needs to be done to find 
these lacking information requirements. 
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Chapter 1 Introduction 

1.1 Context 

Lately companies that develop highly innovative products have increasing difficulty 
making the trade-off between pricing and functionality on the one hand and product 
quality and reliability on the other hand. At present several trends, which influence that 
trade-off can be identified in the area of consumer products (Brombacher et al. 2004): 

• increasing product complexity (Goldhar et al. 1991; Minderhoud 1999) 
• increasing globalization (Murthy et al. 1994) 
• shorter time-to-market (TTM) (Goldhar et al. 1991; Minderhoud 1999) 
• higher customer expectations (Goldhar et al. 1991; Wheelwright and Clark 1992) 

These trends have several consequences regarding information needed to reach high 
quality products. 
Increased product complexity means more reliability problems may occur, because a 
product has more functions and features. Furthermore, for highly innovative products, 
customer requirements may not be complete and difficult to collect, resulting in more 
quality and reliability problems. Because of this it also becomes more difficult to 
determine the cause of these problems. As a result there are more cases in which a 
problem is classified as "no-fault-found" or "failure not found" as can be seen in figure 
1.1. To be able to solve these types of problems, more and possibly a different type of 
information is needed (Den Ouden et al. 2005b ). 

50 

40 

30 

20 

10 

1980 1990 2000 
Figure I. I: Percentage of failure-not-found claims (Brombacher et al. 2004) 

Furthermore increasing globalization is a major obstacle in the information deployment 
process of companies. Globalization implies that people with different backgrounds work 
on the same project and need access to the same information (Petkova 2003). 
If companies want to keep their market position and make a profit, they have to be first 
on the market with products that are state of the art, have relative high quality and are 
priced competitively (Stalk and Hout 1991, Smith and Reinertsen 1991). Reducing TIM 
by shortening the product development process (PDP) requires perfect information and 
communication (Petkova 2003). A small imperfection in the information can lead to 
problems with the end product and costly rework (Wheelwright and Clark 1992). 
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To be able to understand the higher customer expectations (i.e. to reduce customer 
uncertainty) information is also needed (Den Ouden et al. 2005b ). 
In short: companies developing highly innovative products need information to be able to 
cope with these trends and to remain competitive (Brown and Eisenhardt 1995). 

Up until a few years ago the research in quality and reliability was focused on the 
analysis of hard failures ( out-of-spec failures). Most information was collected for this 
purpose, and quality and reliability (Q&R) problems were decreasing. The last decade the 
number of complaints on new products is rising again (i.e. more reliability problems 
occur), because of the trends mentioned above, see figure 1.2. 

~1.5% 

1980 1990 2000 

Figure 1.2: Percentage of customers complaining on new products (Den Ouden et al. 2005b) 

A lot of these "new" failures are soft reliability problems, which are defined as customer 
experienced problems with an "in-specification" product (Geudens et al. 2005). 
Historically, consumer electronics companies try to solve Q&R problems by collecting 
information from service centers or initial repair facilities. Apparently, the information 
being collected in current highly innovative business processes is not sufficient for 
solving these "new" types of quality and reliability problems. Petkova (2003) identifies 
four problems with feedback information loops in highly innovative product development 
processes: 

• Speed: the feedback process is too slow 
• Poor feedback information quality 
• Feedback information arrives at the wrong place (i.e. not at the right place) 
• Feedback information is often hidden in large databases 

Petkova (2003) concludes that information should be collected in a different manner to be 
able to cope with quality and reliability problems. 

If companies want to solve soft reliability problems a simple problem description 
combined with detailed knowledge about the product is usually not sufficient. Often 
information about the environment in which the product was used and information about 
the way the product was used by the customer is also needed (Den Ouden et al. 2005a). 
Information in service center or initial repair facility databases is therefore usually 
incapable of solving soft failures. However, it may be possible that information, useful 
for solving soft reliability problems, is available in other information sources, like 
helpdesks, the internet and trade (Den Ouden et al. 2005b ). Besides the information 
sources mentioned there are a few other sources of information available in highly 
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innovative product development processes, like: call center databases, customer 
survey/market information databases and consumer test databases. 

Where service center and initial repair facility databases are collected to solve Q&R 
problems, these other sources of information are often collected with a completely 
different purpose (Den Ouden et al. 2005c). 
Helpdesks and call centers are meant to serve the customer better (Walker and Johnson 
2004); to attain a minimal service level at minimal cost (Koole 2004). The information 
gathered is currently only used to improve the efficiency of the service process e.g. 
update the failure tree composition in order to improve its effectiveness to serve the 
customer better (Den Ouden et al. 2005c). Information in these databases is often used to 
improve efficiency or reduce costs of the call center or helpdesk (e.g. Luo et al. 2006). 
The internet and internet forums in particular contain information about how a customer 
experiences the product and are a valuable source of information to other (potential) 
customers (Bickart and Schindler 2001). The information is collected to be able to 
develop successful online communities, successful being: perceived as valuable as 
information source by customers (Stockdale and Borovicka 2006, Schoberth et al. 2002). 
Very little is known about what the potential uses of these databases may be for Q&R 
engineering practices in companies developing highly innovative products. 

This thesis will try to determine if information, suitable for solving soft reliability 
problems, is indeed available in other sources than the traditional information sources and 
to what extent this information can actually be used to solve these soft problems. 

Therefore the research question will be: 

To what extent can information in consumer information databases be used to solve 
soft reliability problems? 
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1.2 Definition of Concepts 

In this section definitions are given of important concepts used in this thesis. 

Highly innovative Products or processes with new functionality or design 
(Petkova 2003). 

Quality The total features and characteristics of a product or service 
that bear on its ability to satisfy given needs (Lewis 1996). 

Reliability The probability that a system will perform its intended function 
for a specific period oftime under a given set of conditions 
(Lewis 1996). 

TIM The length of time it takes to develop a new product from an 
early initial idea for a new product to initial market sales 
(PDMA 2006). 

Information In practice engineers define information as data that had been 
processed in some way (Wang 1998). The PDMA (2006) 
defines information as knowledge and insight often gained by 
examining data. Here a combination of those definitions will be 
used: Information is data that has been processed in some way 
and can be used to create knowledge. 

PDP A process that systematically transforms new product ideas 
into a set of products that can be used by end users or to 
manufacture other products. (Lu 2002) 

Customer A person who uses a product that he did not produce himself. 
(PDMA 2006) 

Product failure Situation where the customer decides to report the fact that the 
product does not meet the customer's requirements (Den 
Ouden et al. 2005a). 

Soft reliability problem Customer experienced problem with an in-specification 
product (Geudens et al. 2005). 

Database Here a database is defined as a collection of information that 
can he used to create knowledge (solve problems) through 
analysis. 
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1.3 Outline of the Thesis 

CHAPTER 1 Introduction 
This chapter gives an overview of the thesis. 

CHAPTER 2 Research Focus and Approach 
This chapter defines the final research questions and the approach used to deal with them. 

CHAPTER 3 Information Requirements Definition 
This chapter will derive what aspects of information are important when evaluating to 
what extent database can be used to solve soft reliability problems 

CHAPTER 4 Information Requirements Measurements 
This chapter will derive measurements for the information requirements on which 
databases will be evaluated. 

CHAPTER 5 Evaluation of Databases 
This chapter will discuss the actual evaluations of four consumer information databases: 
AV Entertainment Helpdesk, Television Helpdesk, Focus Group Study, and Internet 
Forum. 

CHAPTER 6 Conclusion and Recommendations 
In this final chapter conclusions will be drawn and recommendations for future research 
will be given. 
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Chapter 2 Research Focus and Approach 

This chapter will use the research question of the previous chapter as a starting point to 
describe the content of the research and discuss the scope of the research in more detail. 
The design of the research will follow the methodology proposed by Verschuren and 
Doorewaard (1995). The phases and steps used in this methodology are presented in 
figure 2.1 along with the paragraph numbers in which they are explained. 

-------~ 

Research Design 

Figure 2. I: Research design 

2.1 Conceptual design 

Conceptual Design 
L 1 

Technical Design 
~ ~ 

Research Objective 
L 1 1 

Research Questions 
L 12 

Research Framework 
L 1 3 

Research Definitions 
L 1 4 

Research Material 
L L 1 

Research Strategy 
LL L 

Research Approach 
LL 3 

Research projects can be theory-oriented or practice-oriented. Figure 2.2 gives an 
overview of possible research categories mentioned by Verschuren and Doorewaard 
(1995). 

eory development 

TI1eory-
01iented r------m.eory testing 

Research 
project 

L------' 

Practice
oriented 

Figure 2.2: Research categories (Verschuren and Doorewaard 1995) 
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This project is a theory-oriented research project since it is concerned with assessing 
whether information in non-traditional databases can be used for solving soft reliability 
problems. 

The conceptual design of a research project describes what the desired deliverables of the 
project are. It provides the definition of the design in particular, and consists of four steps 
(Verschuren and Doorewaard 1995): 

• Research objective 
• Research question 
• Research framework 
• Research definitions 

These four steps will be discussed in order in the following paragraphs. 

2. 1. 1 Research Objective 
As mentioned in chapter 1 the number of reliability problems reported by customers is 
increasing again the last decade. A lot of these 'new' problems are soft reliability 
problems (Geudens et al. 2005). Information in traditional databases is incapable of 
solving these "new" problems. There are two suggested ways to approach this problem: 

• Collect information in a different manner (Petkova 2003) 
• Search for information that is able to solve these Q&R problems in existing 

consumer information databases (Den Ouden et al. 2005b ). 
This project will follow the latter approach. The research objective is to evaluate existing 
consumer information databases on their capability in solving soft reliability problems. It 
aims at developing methods for the analysis of these information databases. 

2.1.2 Research Question 
The research question of this thesis was already stated in chapter one: 

To what extent can information in consumer information databases be used to solve 
soft reliability problems? 

The information in consumer information databases will be evaluated on whether it can 
be used to solve soft reliability problems. Therefore, it has to be established what type of 
information is needed to solve these problems. Secondly, to determine to what extent the 
information is able to solve these problems, measures, on which the information can be 
evaluated, have to be developed. This leads to the formulation of two sub questions: 

1 What aspects of information are important for the purpose of solving soft 
reliability problems? 

2. To what extent does the information in consumer information databases contain 
these aspects? 

2. 1.3 Research Framework 
The purpose of the research framework is to give an overview of the structure of this 
research project. In chapter 1 the main research question was derived. After further 
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consideration this question was divided into two sub questions in section 2.1.2. Criteria 
were developed to be able to assess whether information in databases could be of help to 
solve soft reliability problems. The available databases where then evaluated on these 
criteria. 

Literature researct 
Research question 

Research focus anc Literature researct 
and discussior + + approact f-+ to give context -

(Chapter 1) 
(Chapter 1) 

(Chapter 2) (Chapter 3) 

Developing new 
Developing new 

theory information 
theory measures tc 

Evaluation of Answers on the 
evaluate the .. requirements for ... database on + information ir f-+ research questions 

solving soft reliabilicy 
information databases and conclusion 

problems 
requirements 

(Chapter!:) (Chapter E) 
(Chapter 3) 

(Chapter 4) 

Figure 2.4: Research framework 

2. 1.4 Research Definitions 
This section normally gives the definition of critical concepts for this research project. 
However, since these were already defined in chapter 1, they will not be repeated here. 

2.2 Technical Design 

The technical design of the research describes in what way the conceptual design will be 
realized. 

2.2.1 Research Material 
The research uses available literature as well as product information from different 
databases provided by a multinational in the consumer electronics industry. More details 
concerning the evaluated databases can be found in chapter 5. 

2.2.2 Research Strategy 
There are several methodologies which can be used for dealing with research questions 
(Verschuren and Doorewaard 1995): 

• Survey research 
• Experimental research 
• Case studies 
• Founded theory approach 
• Desk research 

This research project falls into the desk research approach. Desk research is characterized 
by the use of existing material, no contact between researcher and object, and the material 
is used from a different perspective than its initial purpose. These three are the case here. 
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One of the benefits of desk research is that time is saved since a large amount of data can 
be collected very fast. In this case the databases are provided by the multinational. 

2.2.3 Research Approach 

This section will describe how the research will be approached. First, evaluation criteria 
for sub question 1 will be developed. Once these criteria have been developed, 
measurement scales on which to evaluate the databases on the criteria have to be 
determined. Next, all available databases will be evaluated. Once the databases are 
evaluated conclusions can be drawn to what extent they can be used to solve soft 
reliability problems. 

2.3 Validity 

Van Aken et al. (2003) describe four types of validity which need to be considered to 
ensure this research project will produce the best results possible: 

• Construct validity 
• Internal validity 
• External validity 
• Repeatability 

Construct validity refers to measuring a concept in such a way that one is measuring the 
concept as it was defined and not as it was meant. In the latter case the concept was 
defined wrong and construct validity will be low. So when measuring a concept one 
should make sure that the correct aspects are measured and that all aspects are actually 
measured. This research will ensure high construct validity by using requirements and 
definitions of those requirements as they are defined in literature. 

Internal validity refers to causal relations between observed measurements and if these 
causal relations are in fact correct or that some other factor influences the conclusions. To 
make sure internal validity is high all evaluations will be done by three judges separately. 
Inter rater reliability will then be calculated to check whether the agreement between 
judges is high. Inter rater reliability is a measure for the agreement between judges 
corrected for agreement by chance. If inter rater reliability is high, all three judges 
evaluate the information similarly and the results and conclusions drawn can be assumed 
to be correct and internal validity will be high. 

External validity refers to the domain in which the findings are applicable. In this case the 
research domain is identified as manufacturers of highly innovative consumer electronics. 

Finally repeatability refers to the repeatability of the results independent of the 
investigator. This means using the same casing, but a different investigator to obtain the 
same results. To ensure repeatability the research method and set-up of the evaluation 
process will be documented precisely. 
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Chapter 3 Information Requirements Definition 

This chapter will derive the information requirements to solve soft reliability problems. 
This chapter will therefore answer the first sub question of the research question, as 
stated in section 2.1.2. Section 3.1 will explain why soft failures occur and where in the 
consumer process they occur. It will thus provide the context of this research. Next, 
section 3.2 will discuss the information requirements to be able to solve soft reliability 
problems. 

3.1 Soft Reliability Problems 

3. 1. 1 Origin of Soft Reliability Problems 
The four trends in the consumer electronics industry mentioned in chapter 1 have put 
pressure on business processes. It has become more difficult for companies to maintain 
the delicate balance between product performance and innovation on the one hand and 
quality and reliability on the other hand (Brombacher et al. 2004). If companies want to 
keep their market position and make a profit, they have to be first on the market with 
products that are state of the art, have relative high quality and are priced competitively 
(Stalk and Hout 1991, Smith and Reinertsen 1991 ). These trends have also led to 
increased uncertainty faced by companies (Geudens et al. 2005, Mohr et al. 2005). This 
uncertainty about what the customer expects from a product, leads to products being 
developed that meet the company's requirements, but fail to meet the expectations of the 
customer (Den Ouden et al. 2005c, Mohr et al. 2005, SST 2001). When the customer's 
needs and expectations do not match the requirements the company has set for a product, 
this will make the root cause analysis of the complaint/problem difficult. When no root 
cause can be found for a complaint it is classified as failure-not-found (FNF) or no-fault
found (NFF). 

Figure 1.1 shows the percentage of failure-not-found (FNF) claims has increased the last 
decade (Brombacher et al. 2004). According to Petkova (2003), NFF and FNF failures 
occur because there is an inherent difference between the definition of quality from a 
consumer's and a manufacturer's point of view. From a consumer's point of view, the 
quality of a product depends on how well it fits patterns of consumer preferences. On the 
other hand, manufacturers generally view quality as the degree to which a specific 
product conforms to a design or specification. These different perspectives on product 
d 1 h . T bl 3 1 eve opment are s ownm a e .. 
Customer Focus Mana2erial Focus 
Features Design 
Consequence, values Costs 
Ease of operation Ease of production 
Unique qualities Unique technologies 
Consumption Production 
Table 3. I : Customer f ocus versus managerial focus (Rosen et al. I 999) 
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During the last decade the trend in the field of Q&R has been to more extended warranty 
for consumer electronics products. Berden et al. (2000) state that product quality can be 
seen on different interpretation levels, as is shown in figure 3 .1. 

Product does not haw SJffident 
sati

sfiers llillll[ll!lllltll!lll llil!i!l!lll!lll illll ll l!l!l1l llll!l]lllllllllllllll [IJ!!l!l!lJlllli 

Customer states product does not work 

Product does not comply with the specifications 

~ current 
ca furure 

Product is not safe 

----►• Time 

Figure 3.1: Warranty trends in the field of quality and reliability (Berden et al. 2000) 

'Product does not meet customer expectations' and 'Customer states product does not 
work' are categories that fall more and more under product warranty. The first category 
consists of soft reliability problems. The second category can be either hard failures 
where the product is actually not working, or soft failures where the product may work, 
but in a different way than the customer expected or the product does work when 
analyzed but not at the customer's home. The root cause of these soft failures will be 
difficult to find and the complaint will often be classified as NFF or FNF. NFF and FNF 
are thus classes which partly consist of soft reliability problems. With the extension of 
warranty predicted by Berden et al. (2000) this means the prevention of soft failures will 
become more and more important since their relative occurrence will increase. All costs 
induced by these problems will be for the manufacturer (Den Ouden et al. 2005c). 

To be able to anticipate soft failures, it is important to know what triggers these customer 
complaints. Goodman (2002) explains why customers complain about the product when 
they are dissatisfied in some area. In his opinion there are four different reasons for the 
occurrence of soft failures: 

• Incorrect use of product by customer combined with unreasonable expectations 
• Incorrect use of product by customer combined with reasonable expectations 
• Marketing makes promises it can not live up to 
• Marketing campaign is misleading 

Especially the fist two reasons could result in soft reliability problems. Basically, a 
customer complains ifhe or she feels that his requirements are not met. Rosen et al. 
(1999) identify several different factors associated with not meeting customer 
requirements, which can be seen as an extension of the four sources mentioned above. 
These are listed in table 3.2. 
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Factors associated with not meeting customer requirements 
Customer expectations not met Unique attributes not seen 
No innovative advantage perceived Poor selecting of target market 
Product information is unclear, difficult Poor communication of product benefits 
Need for product not seen Poor distribution channel selection 
Pricing problems 
Table 3.2: Why customer requirements are not met (Rosen et al. 1999) 

In summary, this section has explained that the origin of soft reliability problems lies 
mainly in the fact that there is a mismatch between what a company thinks the product 
should do and the expectations a customer has about a product. This is accompanied by a 
trend towards an extension of the warranty of products, which means companies incur all 
costs related to customer complaints. Therefore it is important to understand what 
triggers these complaints and what factors are associated with not meeting customer 
requirements, which are summarized in table 3 .2. The next section will discuss when and 
where in the consumer process soft reliability problems may occur. 

3.1.2 Occurrence of Soft Reliability Problems in Consumer Process 
Traditionally the failure rate of a product over time was thought to follow a bathtub 
shaped curve (Lewis 1996), consisting of three phases: 

1. Early failure period 
2. Constant failure period 
3. Wear-out period 

In phases 1 and 3 the failure rate is high. In phase 2 the failure rate is lower and constant. 
Lewis suggested that phase 1 failures could be prevented by using design and production 
quality control measures and rigorous testing (also found by Denson 1998 and 
Brombacher 2000). Phase 3 problems are predominantly caused by aging. Reliability 
prediction models used the constant failure rate to predict reliability. 
Extensive research by Wong (1988) and Brombacher (1992) into the first phase of the 
bathtub curve showed that for highly innovative companies under strong time to market 
pressure (i.e. with little time to incorporate the extensive testing needed to eliminate 
phase 1 problems (Lu et al. 2000)) a four-phase rollercoaster curve fits the data better. 
The rollercoaster curve is shown in figure 3.2. 

I 

Dead on aniyal 
(hidden) 0-hoyr 

I 
I 
I 
I 
I 
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I 
I 
I 

Early wear out 

Random failures 

Figure 3.2: Th e roller coaster curve (Wong 1988, Brombacher 1992) 
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This curve suggests that quality and reliability problems (hard as well as soft) can be 
classified into four phases: 

1. Hidden 0-h failures: These are products that arrive out-of- ( customer) 
specification at the customer. 

2. Early wear-out: These are products that are initially able to function, but due to 
coupling of extremes in the product (flaws) or the customers, they show a 
different, faster wear out than the main population. 

3. Random failures: These are products that have a failure because of an external 
event with a strong 'random' character. 

4. Systematic wear-out: These are products that show some degradation over time 
(e.g. corrosion of metals). 

Knowledge about the occurrence of soft reliability problems over time (i.e. when during a 
products life cycle are they most likely to occur) is still very limited. However, Geudens 
et al. (2005) found soft reliability problems occur mostly in the early phases of the 
rollercoaster curve (see also Uitdenbogaard 2004).This means that if one is looking for 
instances of soft reliability problems in databases, it is probably wise to search for 
records that were generated early after the product was bought. 

Q&R problems can occur in different phases of the consumer process. The consumer 
process can be seen in figure 3 .3. 

Consumer Exp·erience 

::e1 rre-Sa~ I Point of Sales 

PUrelta&e 
I 

li .... l _o_ut-of_the_B_o_x----.1 .... I _Extended ___ u_s.e-_ _, 

Figure 3.3: Consumer experience process (Den Ouden et al. 2005c) 

Soft reliability problems will occur mostly in early phases of the customer use experience 
(i.e. the out of the box phase). During the phases after purchase to the manufacturer it 
becomes clear whether the product can live up to the customer's expectations. From the 
consumer's perspective the manufacturer should solve all problems (hard and soft) he 
experiences with the product. Field calls or failures are instances where the customer 
decides to complain and which involve costs to the manufacturer. However, not all 
problems are reported. Instead the customer is just left dissatisfied and takes the 'bad' 
experience into consideration when purchasing future products. This means soft 
reliability problems may involve indirect costs when brand loyalty is affected negatively. 
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3.2 Information Requirements 

This section will derive information requirements to solve soft reliability problems. 

Information quality literature discusses a lot of different requirements information has to 
fulfill to be considered of high quality. 

Firstly information has to possess some quality dimensions naturally. Wang and Strong 
(1996) refer to this as intrinsic data quality, which means data needs to fulfill some very 
basic requirements like accuracy and believability, but also reputation and objectivity. A 
lot of these requirements are also recognized by other researchers (see Appendix I). It is 
very difficult to determine if information fulfills these intrinsic requirements. In this case 
the databases are provided by the consumer electronics company and the researcher was 
not directly involved in the collection of these databases. As a result it is not possible to 
check whether the databases fulfill these basic requirements. Therefore they will not be 
taken into account when evaluating the databases. 

Secondly information has to be considered within the context of the task at hand. 
Information should be (Wang and Strong 1996): 

• Relevant (also Delone and McLean 1992) 
• Value-added 
• Timely (also Delone and McLean 1992, Petkova 2003, Brombacher and Sander 

2005) 
• Complete (also Pipino et al. 2002, Fox et al. 1994, Delone and McLean 1992) 
• Appropriate amount. 

Relevant for this research project means the content of the information should be about 
soft reliability problems. What requirements the content of information has to fulfill will 
be discussed in section 3.2.1. 
According to Brombacher and Sander (2005) for information to add value towards 
solving soft reliability problems it has to possess sufficient level of detail. Level of detail 
will therefore be one of the requirements on which the databases will be evaluated (see 
section 3.2.2 for a detailed discussion about level of detail). 
With the increased pressure on TTM faced by companies in consumer electronics 
timeliness is of course a very important aspect of information to solve soft reliability 
problems. Timeliness will be discussed separately in section 3.2.3. 
Completeness in information quality literature means all fields of a record should be 
entered. This research however is interested in evaluating what aspects of soft reliability 
problems can be found in consumer information databases and not if all fields of record 
are entered. Therefore, completeness will not be considered as an information 
requirement. 
Appropriate amount means the information should be available in such an amount that 
meaningful conclusions can be drawn when analyzing the data. This means the sample 
size has to be large enough to perform statistical tests with high significance. If a 
database has the appropriate amount of information will only become clear when the 
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databases have been evaluated. For this aspect of information no measurement will be 
derived, since that is not possible to assess beforehand. 

Thirdly, information should be available to the right people and unavailable to others. 
Wang and Strong (1996) refer to this as accessibility data quality. Similarly, Brombacher 
and Sander (2005) state that the quality of reliability information also depends on the 
deployment of information through the organization (making sure the right people get the 
information). To be able to evaluate the information flows in companies the Maturity 
Index on Reliability (MIR) was developed at the Technical University of Eindhoven 
(Brombacher 1999, Sander and Brombacher 1999). The MIR concept is aimed at 
classifying the ( quality of-) information flows in an organization with respect to their 
ability to measure, understand and improve the quality and reliability of a product in the 
field. The four MIR levels are explained in Appendix II. 
The deployment of information will be discussed in section 3.2.4. 

Finally, information has to possess representational quality. The format should be 
suitable for the task at hand; the information should be consistent and easy to understand 
(Wang and Strong 1996, Delone and McLean). To solve soft reliability problems Ganesh 
(2006) states that information has to be presented in such a way that certain operations 
can be performed on it for analysis purposes; information has to have high resolution or 
richness. This somewhat different interpretation of representational information quality 
will be used here. Information resolution determines how the information can be 
manipulated for the task at hand. Resolution will be discussed in section 3.2.5. 

In the following sections the information requirements mentioned above will be 
discussed in the context of soft reliability problems: 

• Content of information 
• Level of detail 
• Timeliness 
• Deployment of information 
• Resolution 

3.2.1 Content of Information 
Den Ouden et al. (2005a) explain that in order to solve soft reliability problems, not only 
a detailed problem description is necessary, but additional information is needed about 
the customer (customer profile) and about the use environment (use profile). 
To measure whether a detailed problem description is present is difficult, but clearly 
when the only statement made by the customer is: "the product does not work", this does 
not constitute a detailed problem description. However, if the customer states with what 
part of the product he or she has a problem the problem description becomes far more 
detailed. Taking the consumer process mentioned in paragraph 3.1.2 (Den Ouden et al. 
2005c) as a guideline four distinctive parts of a product can be seen: 

• Packaging ( out-of-the-box) 
• Installation ( out-of-the-box) 
• Feature (extended use) 
• Function ( extended use) 
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The customer profile is a concept that classifies customers into different customer groups. 
Rogers (2003) identifies five different groups of customers depending on the phase in the 
product life cycle: 

• Innovators 
• Early adopters 
• Early majority 
• Late majority 
• Laggards 

Based on how fast a customer adopts new technology Rogers (2003) developed a 
Technology Adoption Life Cycle (TALC). This is shown in figure 3.4. 
Different customer groups are classified using psychology and demographics. Speed of 
adoption is determined by five aspects: 

• Relative advantage 
• Compatibility 
• Complexity 
• Observability 
• Trialability. 

Different customer groups may experience different kinds of problems based on these 
aspects (Wijtvliet 2005). 

Emerging 
(embryonic) market 

Mauns !ream growth 
market 

Figure 3.4: Different customer categories (Rogers 2003) 

Mature market 
End of Life 

(decline) market 

Laggard of non - time 
adopters (sceptics) 

5 -16% 

Lately product life cycles have decreased dramatically. This shortened economic life 
cycle of products heightens the risk of a product being used by an unintended customer 
group resulting in an increased likelihood of the occurrence of soft reliability problems 
(Den Ouden et al. 2005a). 

D.L.J. George 26 



TU/e Evaluation of Consumer Information Databases to Solve Soft Reliability Problems 

The use profile or operational profile breaks down customer behavior up until the level of 
individual operations, which are gathered in an operational profile (Musa 1993). Practical 
applications of this concept however are limited to professional software only. The 
operational profile does have some aspects that can be helpful for solving soft reliability 
problems. Basically it determines how often functions or features are used by different 
customer groups. This makes it possible to identify which customers are most likely to 
experience problems when using the product. Alternatively, when information on how a 
product is used is available, this helps in determining why a problem has occurred. This 
research will also include the environment in which the product is used as part of the use 
profile. 

Considering the above, information that has potential use for solving soft reliability 
problems will have to possess three aspects with respect to content: 

• Detailed problem description 
• Information about the customer profile 
• Information about the use profile. 

3.2.2 Level of detail 
Level of detail can be divided into three separate information requirements (Brombacher 
and Sander 2005): 
Frequency 
In highly innovative business it is difficult to develop products that are a hundred per cent 
reliable. There will always be some products that fail. However, it is important to know 
what types of problems are likely to occur and what types of problems are highly unlikely 
to occur. Quality and reliability data should therefore provide sufficient information to 
prioritize which problems to tackle first. 

Owner 
The second requirement is that there should be sufficient information to identify the 
relevant actors in the business process. When priorities are clear but it is unclear who can 
act in order to resolve a problem it becomes difficult to define subsequent actions. 

Root causes 
The third requirement on quality and reliability data is that it should be able to identify 
the root-cause of a problem. Historically root-cause determination was quite simple: 
either a component was overstressed or a component had a random failure. Figure 3.5 
shows that these component failures nowadays form a minority; most Q&R problems are 
found in other categories with no trouble found being the category of interest of this 
research since most soft reliability problems can be found in this latter category. In order 
to determine the root-cause of these problems far more detailed information is needed. 
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Components 
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No Trouble Found 
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Figure 3.5: Observed categories of reliability problems (Brombacher 1996) 

3.2.3 Timeliness 
The time it requires to obtain and deploy reliability information can also be referred to as 
timeliness. Due to the high pressure on companies to shorten time to market information 
often becomes available too late. In the last decades development time and feedback time 
have decreased at different pace (Brombacher et al. 2004). 
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Figure 3.6: Development time vs. f eedback time (Brombacher et al. 2004) 

As can be seen in figure 3.6 products are nowadays developed faster than feedback 
comes available. Feedback from generation 1 of some product may become available 
when generation 3 of the same product may already be in production. Petkova (2003) 
identifies four problems with current feedback loops: 

• Speed: the feedback process is too slow 
• Poor feedback information quality 
• Feedback information arrives at the wrong place (i.e. not at the right place, see 

also 3.2.4) 
• Feedback is often hidden in large databases 

For concurrent fast product development processes Lu (2002) states that information is 
available but is not used correctly or timely. This is in line with Petkova' s findings. 
However, alternative consumer databases may be of help here. 
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For instance: internet forums are used by potential customers to form an opinion about a 
product. This means that these types of information sources may be faster than the 
traditional feedback loops from service centers or initial repair facilities, since customers 
are already giving and getting feedback (especially on their requirements) before they 
have even bought the product. 

3.2.4 Deployment of information 
Information can only be useful if the right people have access to it. Wang and Strong 
(1996) refer to this as accessibility data quality. They see this as a twofold concept: data 
should be protected so that it can only be accessed by authorized people and the data 
should always be accessible by the people who need it. Petkova et al. (2000) state that 
information on reliability problems present in service centers is often not communicated 
to design and production. The result is that designers and producers can not learn from 
their mistakes and subsequent generations of a product may exhibit the same types of 
reliability problems. This research focuses on information that is available in consumer 
information databases and these databases do not contain information about how the 
information is deployed or how it is protected. Usually this is stored in procedures and 
protocols within the company. Since the researcher does not have access to this type of 
information, deployment of information will not be considered when evaluating the 
consumer information databases. 

3.2.5 Resolution 
Finally, in order to be able to use information to solve soft reliability problems the 
information has to be presented in such a way that operations can be performed on it for 
analysis purposes. This is somewhat similar to the level of detail the information has to 
possess, but where level of detail refers to what the information represents, presentation 
refers to how the information can be manipulated to be able to find causal relations and 
ultimately find the root cause of the problem. 

Stevens (1951) introduced four levels of measurement. These are: 
1. Nominal measurement 
2. Ordinal measurement 
3. Interval measurement 
4. Ratio measurement 

Applying the concept of resolution (i.e. the minimum difference between to discrete 
values that can be distinguished by a measuring device (MIL-STD-188)) on the concept 
of measurement levels to information, four levels of information resolution (i.e. four 
different presentation levels) can be distinguished (Ganesh 2006): 

1. Nominal Information. 
Information in the form of labels or names. Comparison of data based on whether 
it is equal or not. 

2. Ordinal Information 
Same features as nominal information are present, but information is also ranked. 
Comparison of better or worse can be made. 

3. Interval Information 
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Information possesses all features of ordinal information, but now the intervals 
between the levels are equal to each other as well. Operations such as addition 
and subtraction become meaningful. 

4. Ratio Information 
Information possesses all the features of interval information and also has 
meaningful ratios between arbitrary pairs of information values. Division and 
multiplication operations become possible. 

Velleman and Wilkinson (1993) however show that the use of these scales to classify 
data is misleading. Restricting the type of operations based on the scale diminished the 
possibilities of data. Furthermore, if additional information is available about the data ( or 
its source) the data may change level. For instance: if you bought a lottery ticket with 
number 56, this would be on a nominal scale, but if you also knew the tickets started at 1 
and that there are 145 tickets sold, it becomes possible to calculate your chances of 
winning and the information becomes ratio information. 
This means that it may be possible to combine information from different sources and 
thus be able to obtain higher resolution. 

3.2.6 Summary 
The following information requirements were recognized as important for evaluating 
information in its capability for solving soft reliability problems: 

1. Content of information: 
• Detailed problem description 
• Information about the customer profile 
• Information about the use profile 

2. Level of detail 
• Frequency 
• Owner 
• Root causes 

3. Timeliness 
4. Deployment of information 
5. Resolution 

Is the information nominal, ordinal, interval or ratio information. 

3.3 Conclusion 

This chapter has explained why soft reliability problems occur and where during the 
consumer process and product life cycle they may occur. Furthermore five requirements 
on reliability information were found from literature: 

• Content 
• Level of detail 
• Timeliness 
• (Deployment of information) 
• Resolution 
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The next chapter will explain how the consumer databases are going to be evaluated on 
these requirements. Deployment of information will not be used in this research as stated 
in section 3.2.4. 
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Chapter 4 Information Requirements Measurements 

Chapter 3 defined the information requirements information has to possess to solve soft 
reliability problems. Den Ouden et al. (2005c) states that consumer information databases 
can help to solve soft reliability problems, but very little is known the information present 
in these databases. The first goal of this research will be to understand the information in 
these types of databases. This chapter will derive measurements for each of the 
requirements mentioned in chapter 3. The information requirements will be discussed in 
the same order as chapter 3 except for resolution that will be discussed in section 4.2.3 
about how to measure whether the root cause of a problem can been found. 

4.1 Measuring Content 
As discussed in chapter 3 there are three aspects information has to possess with respect 
to content: 

• Detailed problem description 
• Information about the customer profile 
• Information about the use profile 

4. 1. 1 Detailed Problem Description 
Information present in consumer information databases is usually about a problem 
experienced by the customer during the consumer process. Taking the consumer process 
mentioned in paragraph 3 .1.2 (Den Ouden et al. 2005c) as a guideline four distinctive 
parts can be seen: 

• Packaging ( out-of-the-box) 
• Installation ( out-of-the-box) 
• Feature (extended use) 
• Function ( extended use) 

The four parts mentioned improve the level of detail in the problem description. It is even 
possible to further increase the detail, e.g. by dividing the function (extended use) part 
into separate functions of the product. For a DVD-recorder these functions, could be 
recording, playing, setting the timer, etc. 
This concept can be described as information granularity. Granularity is defined as the 
extent to which a system contains discrete components of ever smaller size. Information 
granularity is defined as the ability to break down a major information element into 
smaller information elements (Ganesh 2006). When information granularity is increased 
(this means the problem can be attributed to a smaller part of the system) the information 
becomes more detailed. 

The presence of a detailed problem description will be measured by measuring the level 
of information granularity. The higher the information granularity, the more useful the 
information. Level O en level 1 are defined for all products: 
Level 0: The data does not contain information about what part of the consumer 

process the problem is related to ( e.g. "product does not work") 
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Level 1: The data contains information about what part of the consumer process the 
problem is related to. 

These two levels define how detailed the information is regarding the consumer process 
and are a prerequisite to higher levels of information granularity. 

Information granularity of level 2 and higher depends on the product that is being 
evaluated. These higher levels are product related and zoom in on ever smaller parts of 
the product. If information granularity is high enough it becomes possible to relate 
problems to the part of the product development process responsible for it and thus 
prevent future problems. Each product may have different packaging, different 
installation procedures, different features and different functions. Table 4.1 gives an 
example of possible levels of information granularity for a DVD recorder. 
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Level 0 Level 1 Level 2 Leve13 
Consumer process Packaging Type 

Weight 

Size 

Installation Setting Connections 

Setting Channels 

Setting Date and Time 

Features iLink 

USB 

Show view 

Time shift 

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

Recording Recording from TV 
Recording from VCR 
Recording from internet 

Editing 

Table 4. I : Example of information granularity levels for a DVD-recorder 

Note that the table above does not provide the complete state space for a DVD-recorder, 
but is meant as an example how information granularity can be applied to the product. 

As seen in section 3.1 the origin and occurrence of soft reliability problems are different 
for different phases of the consumer process. Therefore it is important to be able to assign 
a problem reported by a customer to a smaller part of the consumer process. Thus, 
information in consumer information databases that can be used to understand and solve 
soft reliability problems has to have at least information granularity level 1. 
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Information granularity level O will be evaluated with (-), meaning a detailed problem 
description is not present. Information granularity level 1 and higher will be evaluated 
with ( + ), meaning a more detailed problem description is present. 

The detailed problem description is closely related to the level of detail of the 
information, which will be discussed in section 4.2. The concept of information 
granularity is important here, but can also be used to assess to what extent the root causes 
of a problem can be found, which is a part of the level of detail information requirement. 

4.1.2 Customer Profile 

Research by Geudens et al. (2005) showed that soft reliability problems decrease over 
time and that different types of customers may experience different types of problems. 
Earlier adopters experience more relative advantage problems than later adopters and 
later adopters experience more complexity problems than earlier adopters. Information 
can therefore also be useful if it contains clues whether a customer is an earlier or later 
adopter. 
Determining to which adopter category a customer belongs to is not straightforward and 
customers may belong to different adopter segment for different types of products 
(Rogers 2003). As stated in section 3.2.1 Rogers (2003) distinguishes five adopter groups 
based on their innovativeness. Research by Goldsmith and Hofacker (1991) and 
Dickerson and Gentry (1983) among others has shown that innovativeness is difficult to 
measure and varies across different products for consumers. 
There are however tools available to determine to which adopter category a customer 
belongs, like the OSI-purchase scale (Goldsmith and Hofacker 1991), which measures a 
customer's Domain Specific Innovativeness and subsequently places him in the correct 
adopter category based on his innovativeness. Wijtvliet (2005) adapted this DSI-purchase 
tool into a DSI-use tool. The DSI-use tool is further explained in Appendix III. These 
tools use specific questions the customer needs to answer and work when it is possible to 
interview the customer, but are not meant for determining the customer profile using 
existing information. 

Saaksjarvi (2003) uses different constructs to categorize adopters. The first is technical 
knowledge (or core knowledge) ; consumers with more technical knowledge are assumed 
to be more innovative than novices. The second is consumer knowledge ( or supplemental 
knowledge), consisting of two elements: familiarity, which is the number of product
related experiences that has been accumulated by the consumer, and expertise, the ability 
to perform product-related tasks successfully (Alba and Hutchinson 1987). This leads to 
four adopter categories depicted in figure 4.1. 
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Supplemental 
Knowledge 

Supplemental . Technovators 
Experts 

Novices Core 
Experts 

Core 
'--------""-------........,;------.... Knowledge 

Figure 4.1 : Technology adoption cycle (Saaksjarvi 2003) 

Compatibility, which is defined as the degree to which an innovation is perceived as 
being consistent with the existing values, past experiences, and the needs of potential 
adopters (Rogers 2003) is the factor that determines whether an adopter category will 
actually adopt the innovation. An innovation is adopted if compatibility is high. In this 
case the databases contain customer-experienced problems with a product they have 
already bought so compatibility is assumed to be high in all cases. 
Information that demonstrates the technical knowledge or supplemental knowledge of a 
customer can be used to get an idea whether the customer is an earlier or later adopter. 
The following statements can be constructed to evaluate these aspects and were directly 
adopted from Saaksjarvi (2003) and Moreau et al. (2001): 

1. The information demonstrates whether the customer has expertise in the primary 
base domain, which means he is technically knowledgeable in this domain (in the 
case of a DVD-recorder the base domain is recording video) . 

2. The information demonstrates whether the customer has supplemental knowledge 
about the product. This can mean the customer has previously owned a similar 
product ( e.g. a DVD-recorder) or owns other technological products from which 
knowledge can be transferred to the target (being the product bought). 
For example: customer with knowledge about computers may transfer knowledge 
about how images are stored and can be manipulated to the domain of a digital 
camera. Products that indicate supplemental knowledge are thus products with 
similar functions and features to a DVD-recorder and owning such products will 
therefore demonstrate supplemental knowledge about a DVD-recorder. 

To measure whether customers are technically knowledgeable or possess supplemental 
knowledge Alba and Hutchinson (1987) suggest three approaches: 

• Subjective, where the customer tells how much knowledge he possesses 
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• Objective, where an expert determines how much knowledge a customer 
possesses by analyzing a conducted survey. 

• Familiarity, where customers are asked about their experiences with similar 
products. 

Both the theory of Rogers and the theory of Saaksjarvi and Alba and Hutchinson would 
require two separate researches to investigate how their respective constructs 
(innovativeness and knowledge) can be measured with high validity. 
Furthermore: this research's goal is to evaluate whether databases contain information 
that categorizes customers into different adopter categories and not whether it is possible 
to categorize customers with the available information. 
The customer profile will therefore be evaluated by checking if data in a database is 
collected separately for different customer groups. If this is the case the information will 
be evaluated(+). If not, the information will be evaluated(-). 

4.1.3 Use Profile 
To determine whether databases contain information about the use profile it is important 
to know which features or functions of a product are used frequently by a customer. This 
means information becomes valuable with respect to the use profile if a record contains 
which functions are used by the customer and these functions are ranked according to 
frequency of use. If a record contains this type of information it has to be of information 
granularity level 2 or higher as seen in section 4.1.1. The use profile is therefore very 
much dependent on how detailed the problem description is. The ranking of how often 
functions and features are used is dependent on the type of customer. Earlier adopters are 
especially interested in the new functions and features a product possesses, while later 
adopters are more interested in the basics. 
Ultimately it may be possible to develop an operational profile (Musa 1993) per customer 
group, but this requires: 

• Information of high information granularity level 
• Information from different adopter categories 
• The right amount of information to ensure completeness of the operational profile 

Consumer information database may possess parts of this, but one database will probably 
not fulfill all of these requirements. Combining of databases, using techniques like data 
fusion and data mining may be of help here. This however falls outside the scope of this 
project. 

Although a lot of records in a database may not be of sufficient information granularity 
level, it is possible to evaluate whether data possesses information about the use profile, 
using the following statement: 

1 The information demonstrates which functions and features of the product are 
used by the customer and these functions and features are ranked in terms of how 
frequent they are used. 

An operational of use profile as defined by Musa (1993) breaks down a product to the 
level of individual operations, but customers experience problems with functions or 
features, because these are concepts they can identify. The use profile will be evaluated 
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using the above statement regarding functions and features and not a statement regarding 
individual operations. 
Besides information on how often functions are used, this research also includes 
information about the use environment in the use profile, which can also be needed to 
understand the problem (Den Ouden et al. 2005a). This leads to the following statement: 

2 The use environment is mentioned in the information. 
The two statements above handle different aspects of the use profile. A problem that is 
caused by distortion by the environment does not need statement 1 answered to be able to 
solve the problem and vice versa. Therefore the information will be evaluated in the 
following way: 
If at least one of the statements can be answered 'yes' the information will be evaluated 
(+). If none of the statements can be answered 'yes' the score will be(-). 

4.2 Measuring Level of Detail 

4.2.1 Frequency 
Frequency of a problem can be interpreted in two ways: 

• The frequency of how often a customer group experiences the problem when they 
use the product 

• The frequency of how often a problem is reported in a database 
Since the goal of frequency is to be able to prioritize which problems to tackle first, the 
second interpretation is important. If more customers report the same problem, it is likely 
the problem is related to some design or production fault and a whole batch of products 
has the same problem. If one customer group reports a problem as always occurring when 
using the product, this problem could be a soft reliability problem experienced by this 
particular customer group. 
Therefore frequency will be measured in two ways: 

• the count of similar problems experienced by different customers 
• the count of different problems experienced by the same customer group 

Note that this means that if three customers state they experience the problem in one 
forum thread three will be added to the count of a problem. The frequency is counted on 
granularity level 1 since the total state space for this level is known. To determine if 
prioritization is possible using frequency for higher levels of granularity the complete 
state spaces for all of the products mentioned in the databases need to be known. Since 
these state spaces are not known the databases will only be evaluated on information 
granularity level 1. Prioritization on information granularity level 1 will help to 
understand the information present in these databases. 
A simple statistical test can determine whether one problem does indeed occur more 
often then others (given a large enough sample size), meaning prioritization is possible. 
The result of the test will evaluate a database as either ( +) meaning prioritization is 
possible or(-) meaning prioritization is not possible. Since frequency will be measured in 
two ways, every database will receive two evaluations. 
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4.2.2 Owner 

Owner in this case refers to information being able to pinpoint who is responsible for 
taking action so the problem can be solved/prevented. This means the problem can be 
attributed to a part of the product development process. This is very difficult to determine 
for information in consumer information databases and dependent on the person who is 
evaluating the databases. If the information can pinpoint the relevant actor in the business 
process the information will be evaluated as ( + ). If the information cannot pinpoint the 
relevant actor the information will be evaluated as (-). 

4.2.3 Root causes 
A lot of records in a database are records in which the problem is solved ( e.g. a customer 
calling a helpdesk is often helped immediately). An important remark is that although a 
problem may be solved, this does not always mean the root cause has been found. It may 
also be the case that the symptom which caused the problem was solved. 
To determine whether the root cause of a problem can be found two measures will be 
considered. As said in section 4.1.1 information granularity plays an important role here. 
The higher the information granularity the more likely the root cause of a problem can be 
found. Besides information granularity information resolution is needed here as well. The 
measurements of information resolution were already discussed in section 3.2.5. Nominal 
and ordinal information can be seen as qualitative information, where interval and ratio 
information can be seen as quantitative information. The information present in consumer 
information databases is usually the former. 

For highly innovative products, producers are faced with high uncertainty, regarding their 
customers, technology and industrial chain (Mohr et al. 2005). Nominal information can 
help to determine potential uncertainty areas, while interval information can show the 
relative uncertainty between the current product and its predecessor. Ganesh (2006) 
explains that developers can use nominal and ordinal information to determine which 
areas of uncertainty need extra attention to develop a more reliable product. 

Information in consumer information databases can be seen as additional information 
gathered by developers to improve the product. There is an interaction between 
information granularity and resolution. Where information granularity reveals the level of 
detail and as such "focuses" on the problem area, resolution determines how the 
information can be used. When additional information is available and the information 
granularity is increased, the information resolution may change to a higher level as well 
as was already seen in section 3.2.5. 

Figure 4.2 shows how information resolution and information granularity interact. The 
points a, b and c are examples of data: 
(a) Installing the DVD recorder was much more difficult than installing my previous 

DVD recorder. 
(b) I like that my DVD-recorder has iLink, but I can't seem to get it to work. 
( c) When I'm recording a movie from the television, my DVD-recorder fails to 

finalize the DVD 9 out of 10 times. 
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Information granularity determines on what level of detail the root cause can be found, 
while resolution determines how uncertain the provided solution is. Ideally both should 
be as high as possible. 
The databases will be evaluated using information granularity level and information 
resolution level. The results will be plotted in a chart similar to figure 4.2. 

4.3 Measuring Timeliness 

Timeliness is the time required to obtain and deploy feedback information. Here 
timeliness will be measured as the time it takes from market introduction of the product 
until a problem is reported (time till problem=TTP) compared to the development time of 
the product. The development time of a product is the time from the first version of the 
assignment document of a product until market introduction. As seen in paragraph 3 .2.3 
ideally feedback time should be shorter than development time. Since it also takes time to 
deploy the information to the relevant department, TTP equal to development will still be 
considered too slow. 
Timeliness will have two measures: 

• Time till first problem compared with development time 
• Average TIP compared with development time 

Information with TIP shorter than development time will be evaluated with ( + ). 
Information with TIP equal or longer than development time will be evaluated with (-). 
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4.4 Summary 

This chapter has the derived the measurements for the information requirements. The 
measurements are summarized in table 4.2. 

Information Sub requirement Measurement Scale 
requirement 
Content Detailed problem Information granularity 0 (-) 

description level I or higher (+) 
Content Customer profile Customers categorized No (-) 

into customer groups Yes (+) 
Content Use profile Number of statements 0 (-) 

answered yes I (+) 
2 (+) 

Level of detail Frequency Prioritization possible No(-) 
(statistical test) Yes (+) 
(two times) 

Level of detail Owner Can owner be No(-) 
pinpointed Yes(+) 

Level of detail Root causes • Information Chart (see figure 4.2) 
granularity level 

• Information 
resolution level 

Timeliness Timeliness TIP vs. Development TIP > DT (-) 
time TIP < DT (+) 

It is possible to construct a model for the information requirements to solve soft 
reliability problems. This 3D model is shown in figure 4.3. 
Content, information granularity and information resolution combined with timeliness (as 
a fourth dimension) are the requirements of information for solving soft reliability 
problems. Owner and prioritization determine who the information should go to and 
deployment of information (not measured) evaluates whether the information is actually 
directed to the right people. 
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Figure 4.3: Information Requirements to solve Soft Reliability Problems 

The model shown in figure 4.3 can be used to visualize how a database conforms to the 
information requirements. 

The next chapter will evaluate four consumer information databases using the 
measurements developed in this chapter. 
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Chapter 5 Evaluation of Databases 

This chapter will discuss the results of the evaluation of the databases. First the case 
study selection criteria will be explained in section 5.1 and the databases that are going to 
be evaluated will be listed. Section 5.2 will describe the selected databases in detail. 
Section 5.3 will discuss the research method. Finally section 5.4 will present the results 
of the evaluations. 

5.1 Selection of Databases 

This research project aims at evaluating consumer information databases to solve soft 
reliability problems. Therefore, the first criterion a database has to meet is that it contains 
reliability information form the point of view of the customer. 
There are a lot of databases present in current high-tech companies. Among others they 
may include: 

• Service center databases 
• Call center/helpdesk databases 
• Customer survey/market information databases 
• Internet information 
• Trade information 
• Consumer test databases 
• Development test databases 
• Problem Response System databases 

Service centers are used widely to solve reliability problems, but have proven incapable 
of finding the root causes of soft reliability problems (Den Ouden et al. 2005a). 
Trade information is information gathered by suppliers, distributors and/or retailers of a 
company's product. The potential of this information is vast since retailers have direct 
contact with the customers. However, since a lot of companies have a "no-questions
asked "-policy for customers returning a product, this sort of information is not collected 
structurally by companies in consumer electronics (Den Ouden et al. 2005c ). Contacts 
with trade are often about new products and explaining sales promotions. 
Development test databases and Problems Response System (PRS) databases are 
sometimes present in companies developing high-tech products. The PRS database is a 
tool to help designers, producers and service facilitators help each other. It works as an 
internal community where employees may post problems and solutions they encounter 
and discuss ways to solve the problems. The different views of people in different parts 
of the company may lead to better solutions (Menon 2004). This type of database is not 
common in businesses and has little information about customer requirements and needs 
from the customer point of view and will therefore not be part of the scope of this project. 
The development test database consists of information about how to conduct quality and 
reliability tests. The data collected during these types of tests is also present. Currently 
they are mostly used to test for and predict hard reliability problems. Since there is little 
information on how to predict soft reliability, these types of databases do not contain 
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information about soft problems or tests for these problems and are therefore not very 
useful in this project. In order to develop sound tests to predict soft reliability problems, 
first one has to be able to predict these problems. Test development databases are thus 
outside the scope of this project. 

That leaves the following databases that contain reliability information from the point of 
view of the customer: 

• Call center/helpdesk databases 
• Customer survey/market information databases 
• Internet information 
• Consumer test databases 

The next criterion these databases have to meet is that the information in these databases 
is unedited. For example: information written down by a call center agent is edited by this 
agent so that it reflects how he interpreted the information provided by the customer. 
Valuable information may have been lost in this translation process from audio to text 
and therefore a database has to be original (obtained directly from the customer) to be 
selected. 

A multinational in consumer electronics and the QRE department of the TU/e provided 
the researcher with several different databases from which the following were selected 
based on the two criteria mentioned above: 

• AV Entertainment Helpdesk 
• Television Helpdesk 
• Media Center Focus group study 

Additionally the researcher collected 45 forum threads from four different internet 
forums containing information on three types of DVD-recorders, manufactured by the 
same multinational. These types of DVD-recorders were chosen, since information 
concerning their development time was available, which is needed to evaluate timeliness. 
Data was collected from four different sources to ensure objectivity. All threads present 
in these four forums about the three DVD-recorders were collected leading to a sample 
size of 45. 
These databases are all very different from each other. The helpdesk/call center database 
consists of audio files only, the internet forum database consists of text files and the focus 
group study is a video and audio file. All of them are collected for a different purpose. To 
be able to understand these databases better section 5.2 will describe the databases in 
more detail, including general purpose, data collection process and data composition. 

5.2 Database Descriptions 

Since the AV Entertainment Helpdesk and the Television Helpdesk are very similar to 
each other they will be discussed simultaneously in section 5.2.1. Next the focus group 
study will be described, followed by a discussion of the internet forum database. 
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5.2.1 AV Entertainment Helpdesk and Television Helpdesk 

Many customers do not directly return their products to the service centers when they 
experience a problem, but first call a call center or contact a helpdesk. These databases 
are therefore a collection of the 'voice of the customer'. They typically contain records of 
various types of customer comments and questions related to the product (Menon 2004). 

Main difference with service center databases: call center/helpdesk databases not only 
contain records about product failure, but also records with information about other 
problems the customer can experience. These include difficulties in installing the 
product, difficulties in operating the product or questions about product features. (Den 
Ouden et al. 2005c ). 
Companies see call centers as an after sales service to customers and not as a source of 
information for quality and reliability engineering, which it could be considering the wide 
range of failures. A helpdesk or call center is meant to serve the customer better (Walker 1 
and Johnson 2004), to attain a minimal service level at minimal cost (Koole 2004). J 
The data collection process for these types of databases is very much dependent on the 
call center agents. If they fail to enter data the information is lost. The information is 
often recorded poorly in free text fields. Since the goal is to improve the service quality, 
i.e. serve the customer better and faster, little attention is given to the administrative side. 
Once the customer's problem has been solved the agent has to update the record. If the 
information is to be useful the agent has to include detailed problem and solution 
description. However often there are customers waiting to be helped and this data 
entering is rushed and therefore done poorly, deeming the information less useful. 

For this research the database provided consists of the recordings of phone conversations 
between the customer and the company. This means the data is original and was not 
altered and no information was lost when the call center agent entered the data into the 
database since this step has not taken place yet. 
However, phone conversations are not a very structured way to store data. Problem 
description and solution are often scattered throughout the conversation. Sometimes the 
agent gives additional product information to the customer and which has nothing to do 
with the actual problem experienced by the customer. At other times the call center is 
contacted pre-purchase in order to clarify some questions the customer may have about 
features or functions of the product. This makes these recordings difficult to analyze. 

The recordings do not have a time stamp and therefore there is no way of knowing when 
they were collected and it is therefore impossible to evaluate them on timeliness. It is 
possible to evaluate them on the other information requirements mentioned in the 
previous chapter. 

5.2.2 Focus Group Study 
Market information databases typically include lists of product features or functions 
including weighted importance of those features to customers. There are different 
weighing methods. It is possible to use a Likert scale or Kano's (1984) identification of 
three types of customer requirements: 
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• Must be requirements (must be met for product to be successful) 
• Linear satisfier 
• Attractive requirement (these are bonus features) 

Often a wide range of problems and suggested improvements is captured when a 
customer survey is carried out. These problems are often soft reliability problems not 
present in traditional databases like service center databases. 

The focus group study used in this research project is slightly different in structure. It 
consists of a DVD containing a video file of an actual focus group study carried out, 
where potential customers were asked to comment on the packaging and installation 
manual of a media center, install the media center and discuss what they liked about the 
product and what were the difficulties they experienced installing the product. 

5.2.3 Internet Forum Database 
Recently through the widespread use, the internet is becoming a very useful source of 
information. Forums, websites and surveys through the internet contain information on 
problems consumers experienced with the product. 
On internet forums consumer interact with each other about products they have bought 
and problems and solutions they have found related to those products. Data on forums 
gives more insight into the use phase of the consumer process. 

Information on the internet is usually not very structured but can be very rich in content 
since the problem is often described in detail and pertains to a single product (Den Ouden 
et al. 2005c ). Detail means not only the problem is stated but also the environment and 
use process are mentioned. The information is usually presented in a free text form. 
However there are no statistics available so problems that are mentioned may not be 
relevant for all instances of the product. 

Customers view forums as sources of product information, which in comparison with 
retail or dealers, is of greater credibility and relevancy. Forums also have the ability to 
evoke empathy, creating a shared feeling associated with a product. The greater 
credibility is perceived since other customers are not focused on making money by 
selling you the product. Greater relevancy refers to the fact that experiences of customers 
with similar use profiles are important to customers in assessing whether the product will 
be of benefit to them as well. (Bickart and Schindler 2001) 

The literature on internet forums is mainly focused on how to develop a successful 
community, successful being: perceived as valuable as information source by customers 
(Stockdale and Borovicka 2006, Schoberth et al. 2002). However very little is known 
about what the potential uses may be for companies producing high-tech innovative 
products. Fuller et al. (2004) describe how the innovative potential of an online 
community can be used in the product development process in the consumer goods 
industry. They provide a useful framework for selecting different customer groups, based 
on forum activity, which can develop different aspects of the new product. Lead users can 
be used to identify future vision on product features, early adopters could be used to give 
valuable information on the different variations of the product and heavy users could give 
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insight into the potential weaknesses of the products performance. Main benefit of the 
online community was that it helped in targeting potential customers (who have shown 
interest in similar products) instead of targeting the potential customers perceived by the 
marketing team. 

Information in internet forum is created by the product users and/or 'experts', who offer 
the solution to the customer's problem. This means no distortion is added by an agent, 
like in call center databases. The use of internet information is not something that is 
structurally done by companies, but sometimes a business unit is aware of its potential 
and uses an approach to gather specific quality and reliability information (Den Ouden et 
al. 2005c ). The information available on internet forums is focused on providing 
customers better service and support, but as mentioned it could be very valuable for 
quality and reliability purposes. 

The database used in this research is information collected from several different internet 
forums . Data was collected when the topic of a forum thread was one of three types of 
DVD-recorders. These three recorders where chosen because the researcher had access to 
development time information on them, which is needed to be able to assess the 
timeliness of the information. Data from multiple internet forums was collected to ensure 
objectivity and believability. By cross referencing the reliability of the data is enhanced. 

The information is in free text form and thus not very structured. Furthermore there is 
often a lot of noise, like signatures, avatars, smileys etc., which are of no use to solving 
the problem. Sometimes one thread contains several problems since users do not always 
open a new thread, but choose to ask their question in an already active thread in the hope 
of getting an earlier response. 

5.3 Research Method 

The databases were evaluated by the researcher as well as two other master students 
presently conducting their master thesis at the QRE department of the TU/e. This should 
lead to correct evaluations and ensure internal validity of this project is high, meaning the 
conclusions drawn based on the results are correct. Prior to actual evaluation the 
measurements were explained to them including examples. Special attention was given to 
information granularity and information resolution, since these two concepts can be 
difficult to interpret. All judges evaluated the four databases separately using a coding 
scheme created by the researcher. Disputes were resolved by taking the category value 
assigned by two of the three judges. This means that if for instance two judges evaluated 
the information granularity of a record as level 2 and one judge as level 3, the 
information granularity level for that record is evaluated as level 2 in the results. If the 
three judges all had different evaluations the record was excluded. The record is then not 
considered in the results, but it is used in the calculations for inter rater reliability, 
because a record where all three judges disagree has great influence on· the inter rater 
reliability. 
The judges evaluated the following measurements: 
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• Information granularity with four levels: 0, 1, 2, and 3 or higher. 
• Information resolution with four levels: nominal, ordinal, interval, and ratio. 
• Use profile. The information demonstrates which functions and features of the 

product are used by the customer and these functions and features are ranked in 
terms of how frequent they are used. Answered either Yes or No. 

• Environment. The use environment is mentioned in the information. Answered 
either Yes or No. 

• The judges were asked to classify the problem into one of four parts of the 
consumer process (packaging, installation, functions, and features) to be able to 
determine the frequency on information granularity level 1. 

• Owner. Answered yes if the relevant actor in the business process could be 
pinpointed and answered no if the relevant actor in the business process could not 
be pinpointed. 

The inter rater reliability was calculated for all of the above categories using the method 
developed by Fleiss (REF): 

n k 

nm 2 - IIxi 
K = }- i=l J=I 

k 

nm(m-l)°Ip1q1 
}=I 

With: 
n = number of ratings 
m = number of raters 
Xij = the number of ratings on record i into category j. 

with i = 1, ... ,n and}= 1, ... ,k 
pj = the overall proportion of ratings in category j. 
'li = 1 - Pj 

In this research the number of ratings is the number of complaints that are used. The 
number ofraters is the number of judges (3 in this case).The inter rater reliability per 
measurement category is listed in table 5 .1. An example of the calculation of inter rater 
reliability can be found in Appendix IV. For the evaluations of the use profile the inter 
rater reliability could not be calculated, since all judges evaluated the information No for 
all records. 
Measurement Inter rater reliability 
Information Granularity 0,60 
Information Resolution 0,54 
Use profile Could not be calculated 
Use environment 0,42 
Part of consumer process 0,72 
Owner 0,49 

Table 5.1: Inter rater reliability 

Possible values for inter rater reliability (Kappa) are constrained to the interval (0, 1]; K = 
0 means that agreement is not better than chance and K = 1 means agreement is perfect. It 
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is possible the formula returns a negative value. In that case K =0; agreement is not better 
than agreement based on chance. For 'Use Profile ' all judges evaluated all records as 
'No'. This means that only one category of the possible two was used for the evaluation. 
The formula for K does not work in those types of cases because the formula reduces to K 

= 1- 0/0 which cannot be calculated. 
If agreement is poor the usefulness of the evaluations is limited. Values for inter rater 
reliability can be interpreted as follows: 
Values greater than .75 may be taken to represent an excellent agreement 

beyond chance. 
Values between .40 and .75 may be taken to represent fair to good agreement 

beyond chance. 
Values below .40 may be taken to represent poor agreement beyond 

chance. 

Most measurements can be directly used to evaluate the database on an information 
requirement. Frequency has to be evaluated using a statistical test. This research 
investigates if it is possible to prioritize problems on information granularity level one. 
Geudens et al. 2005 showed the number of soft reliability problems decreases over time, 
i.e. most soft reliability problems occur in the early phases of the consumer process. To 
be able to perform a statistical test to determine if prioritization is possible first the 
distribution of the problems mentioned in the database has to be known. Since problems 
in the databases are hard as well as soft reliability problems the distribution of these 
problems is not known. Furthermore statistical tests are only useful if the sample size is 
large enough (minimum expected cell frequencies of 5 or higher). Given the small sample 
sizes in the databases under investigation and the unknown distribution as well as the fact 
that the databases consist of records pertaining to more than one product the actual 
statistical testing will be something for future research. The internet forum database does 
pertain to one product type (three very similar DVD recorders) and for this database the 
distribution of problems across the consumer process was assumed to be uniformly 
distributed. 

The following sections with discuss the results of the evaluations per database. 

5.4 Results of Evaluations 

5.4.1 AV Entertainment Helpdesk 
This database consists of 17 audio files of phone calls, made by the customer to the 
helpdesk, with a total length of approximately 80 minutes. Sometimes a customer reports 
more than one problem in one audio file. These problems were then evaluated separately. 
This results in a total of 19 problems reported in the database. The evaluations per judge 
and the combined evaluation can be found in Appendix V. 

I' bT £ h' d b The inter rater re ia 1 1ty or t IS ata £ 11 £ h d'f£ ase was as o ows or t e I erent measurem ents: 
Measurement Inter rater reliability 
Information Granularity 0.89 
Information Resolution 0.88 
Use profile Could not be calculated 
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Use environment -0.02 ➔ 0 
Part of consumer process 0.94 
Owner Could not be calculated 

Table 5.2: Inter Rater Reliability AV Entertainment Helpdesk 

Inter rater reliability is excellent, except for use environment. For use profile and owner 
all judges answered No, so K could not be calculated. For use environment one judge 
answered Yes for one record, resulting in the extreme value for K. All other records were 
evaluated as No on use environment by all judges. 

Content - Detailed problem description 
Typically a conversation starts with the caller mentioning the product, then narrowing the 
conversation to the aspect of the product he is having the problem with, and finally 
describing the problem in more detail (Baker et al. 2001). This is the case in most records 
in the database evaluated here, but not in all cases. 
For one record the information granularity level was 0. All other records had information 
granularity level 1 or higher, meaning the measurement for detailed problem description 
can be evaluated as(+). Figure 5.1 shows the evaluations of information granularity for 
the AV Entertainment Helpdesk database. 
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Figure 5. I : Information Granularity A V Entertainment Helpdesk 

14 16 18 20 

The results show that a detailed problem description is present in most records in this 
database and that this database can be used for this aspect of soft reliability problems. 

Content - Customer profile 
The information in the database is not collected separately for different customer groups; 
therefore it is not known which type of consumer is reporting a problem. This 
measurement is thus evaluated as (-). This also has consequences for the measuring of 
frequency. It is not possible to measure the frequencies per customer group since these 
groups are not known. However, it is possible to measure the frequencies per type of 
problem. 

D.L.J. George 50 



TU/e Evaluation of Consumer Information Databases to Solve Soft Reliability Problems 

Since the database does not distinguish different customer groups, this database can not 
be used to help with this aspect of soft reliability problems. 

Content - Use profile 
The measurement "Use Profile" will be evaluated as(-). This means that the AV 
Entertainment Helpdesk can not be of help to find additional information regarding the 
use profile, which is needed to be able to solve soft reliability problems (Den Ouden et al. 
2005c). 

Level of detail - Frequency 
The count of problems per part of the consumer process on information granularity level 
1 was as follows: 

Packa ·n Installation Functions Features 
Count 5 10 2 

Table 5.3: Problem Count AV Entertainment Helpdesk 

For one record information granularity level was O and the problem could not be 
classified into a category. The small sample size means significant statistical tests could 
not be conducted. Therefore the measurement frequency per problem type is evaluated as 
(-) and the information in this database can not be used to prioritize problems. 

Level of detail - Owner 
The information in this database does not pinpoint the relevant actor in the business 
process for any of the records and this measurement is therefore evaluated as(-). 

Level of detail - Root causes 
Whether it is possible to find the root cause of problem is determined by information 
granularity and information resolution. Figure 5.1 shows how the problems in the AV 
entertainment helpdesk were evaluated. Clearly can be seen that information granularity 
is quite high with most problems being classified as of information granularity level 2 or 
higher. On the other hand information resolution is very poor. Most information is 
nominal information. 
This means the information in this database can be of help to zoom in on the problem, but 
that the uncertainty about the solution will still be high. 
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Figure 5.2: Number of problems by information granularity and information resolution AV Entertainment 
Helpdesk 

Timeliness 
This database does not contain information about when the data was gathered and it is 
therefore not possible to evaluate the timeliness of the provided information. 

Table 5.4 gives an overview of the evaluation of the AV entertainment helpdesk 
database. 

Information Sub requirement Measurement Evaluation 
requirement 

Content Detailed problem Information granularity level + 
description 

Content Customer profile No -

Content Use profile No (19 out of 19 times) -

Level of detail Frequency Prioritization per problem? -
Prioritization per customer group? -

Level of detail Owner No (19 out of 19 times) -

Level of detail Root causes • Information granularity level Chart (see 

• Information resolution level figure 5.2) 
Timeliness Timeliness TTP vs . Development time Unknown 

Table 5.4: Overview Evaluation of AV Entertainment Helpdesk 
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With respect to content, the database does contain very detailed problem descriptions, but 
no information is available about the customer profile and the use profile. 
The size of the database means prioritization is not possible. Furthermore it is not 
possible to pinpoint the owner of the information. The information in this database can be 
used to zoom in on the problem, but the uncertainty of the provided solution is high. 
Evaluation of the AV Entertainment Helpdesk database has shown that this database has 
very little potential to solve soft reliability problems. 

5.4.2. Television Helpdesk 
This database consists of 22 audio files with a total length of approximately 80 minutes. 
Sometimes a customer reports more than one problem in one audio file. These problems 
were then evaluated separately. This results in a total of 28 problems reported in the 
database. The evaluations per judge and the combined evaluation can be found in 
Appendix VI. 

Th . t r bTt fi th· d t b e mter ra er re ia 1 1ty or IS aa ase was as fi 11 fi th d'ffi t t o ows or e I eren measuremen s: 
Measurement Inter rater reliability 
Information Granularity 0.68 
Information Resolution 0.65 
Use profile Could not be calculated 
Use environment 0.45 
Part of consumer process 0.83 
Owner 0.58 

Table 5.5: Inter Rater Reliability Television Helpdesk 

Inter rater reliability is fairly good. For use profile all judges answered No, so K could not 
be calculated. The values for K differ from the values found for the AV Entertainment 
Helpdesk. Apparently the records in this database were more difficult to evaluate. The 
reason for this is potentially the type of products mentioned in the database. Call center 
agent do not treat all calls equally resulting in differences in how clear information 
granularity and information resolution levels can be distinguished. 

Content - Detailed problem description 
This database is very similar to the AV Entertainment Helpdesk database, but here the 
information granularity is O more often. However most records still have information 
granularity level 1 or higher (see figure 5.4), meaning the measurement for detailed 
problem description can still be evaluated as(+). The database therefore can be of help 
for this information requirement. 
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Figure 5.4: Information Granularity Television Helpdesk 

Content - Customer profile 
Again the information in the database is not collected separately for different customer 
groups; therefore it is not known which type of consumer is reporting a problem. This 
measurement is thus evaluated as(-). This also has consequences for the measuring of 
frequency. It is not possible to measure the frequencies per customer group since these 
groups are not known. However, it is possible to measure the frequencies per type of 
problem. 
Since the database does not distinguish different customer groups, this database can not 
be used to help with this aspect of soft reliability problems. 

Content - Use profile 
On two occasions the customer provided information about the use environment, but 
never were functions and features ranked in terms of how often they were used. This 
database does therefore not contain a lot of information about the use profile. This means 
the database will be evaluated as (-) on this requirement. 

Level of detail - Frequency 
The count of problems per part of the consumer process on information granularity level 
1 was as follows: 

Packa in Installation Functions Features 
Count 2 4 7 9 

Table 5.6: Problem Count Television Helpdesk 

On six occasions information granularity level was O and the problem could not be 
classified into a category. The sample size is large enough to conduct a statistical test , 
but since the distribution of problems is not known and the problems counted are for 
different products, the measurement frequency per problem type is still evaluated as (-) 
and the information in this database can not be used to prioritize problems. 
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Level of detail - Owner 
The information in this database does not pinpoint the relevant actor in the business 
process for any of the records, except one, and this measurement is therefore evaluated as 
(-). 

Level of detail - Root causes 
Whether it is possible to find the root cause of problem is determined by information 
granularity and information resolution. Figure 5.2 shows how the problems in the 
Television helpdesk were evaluated. Clearly can be seen that information granularity 
varies among different records. Information resolution is poor with most problems being 
evaluated as nominal information. 
This means the information in this database can sometimes be of help to zoom in on the 
problem, but that the uncertainty about the solution will still be high. 
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Figure 5.5: Number of problems by information granularity and information resolution Television Helpdesk 

Timeliness 
This database does not contain information about when the data was gathered and it is 
therefore not possible to evaluate the timeliness of the provided information. 
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T bl 5 7 a e gives an overview o t e eva uat10n o t e Te evis10n helpdesk database. fh f h 
Information Sub requirement Measurement Evaluation 
requirement 

Content Detailed problem Information granularity level + 
description 

Content Customer profile No -

Content Use profile No (26 out of28 times) -

Level of detail Frequency Prioritization per problem? -
Prioritization per customer group? -

Level of detail Owner No (27 out of28 times) -

Level of detail Root causes • Information granularity level Chart (see 

• Information resolution level figure 5.5) 
Timeliness Timeliness TIP vs. Development time Unknown 

Table 5. 7: Overview evaluations Television Helpdesk 

Similar to the AV Entertainment Helpdesk database, the Television Helpdesk database 
does contain detailed problem description and the information can be used to zoom in on 
the problem, but information resolution is low and no information is present about the 
customer profile or the use profile. The database therefore has little potential to solve soft 
reliability problems. 

5.4.3 Focus Group Study 
This database consists of a DVD containing a video and audio file divided into seven 
chapters with a total length of approximately 33 minutes. Sometimes customers report 
more than one problem in a chapter. These problems were then evaluated separately. This 
results in a total of 10 problems reported in the database. The evaluations per judge and 
the combined evaluation can be found in Appendix VII. 

Th . 1' bT fi th' d t b e mter rater re ia i ity or is aa ase was as fi 11 fi th d"ffi t t o ows or e i eren measuremen s: 
Measurement Inter rater reliability 
Information Granularity 0.90 
Information Resolution 0.72 
Use profile Could not be calculated 
Use environment 1.00 
Part of consumer process 1.00 
Owner Could not be calculated 

Table 5.8: Inter Rater Reliability Focus Group Study 

Inter rater reliability is excellent. For use profile and owner all judges answered No, so K 
could not be calculated. The values for Kare very high for this database. The format of 
the database may have something to do with this. The video file is divided into chapters 
with clear titles like "unpacking" and "installation". This may have contributed to the 
perfect inter rater reliability for "part of the consumer process". 
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Content - Detailed problem description 
For one record the information granularity was evaluated as 0. For all other records the 
information granularity level was level 1 or higher meaning a detailed problem 
description was present (see figure 5.6) and the database is useful for this aspect of soft 
reliability problems. Therefore the database will be evaluated as(+) on this requirement. 
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Figure 5.6: Information Granularity Focus Group Study 

Content - Customer profile 
Again the information in the database is not collected separately for different customer 
groups; therefore it is not known which type of consumer is reporting a problem. This 
measurement is thus evaluated as (-). This also has consequences for the measuring of 
frequency. It is not possible to measure the frequencies per customer group since these 
groups are not known. However, it is possible to measure the frequencies per type of 
problem. 
Since the database does not distinguish different customer groups, this database can not 
be used to help with this aspect of soft reliability problems. 

Content - Use profile 
On one occasion a customer provided information about the use environment, but never 
were functions and features ranked in terms of how often they were used. This database 
does therefore not contain a lot of information about the use profile. The database is 
evaluated as (-). 

Level of detail - Frequency 
The count of problems per part of the consumer process on information granularity level 
1 was as follows: 

Packa in Installation Functions Features 
Count 2 5 0 2 

Table 5.9: Problem Count Focus Group Study 

On one occasion information granularity level was O and the problem could not be 
classified into a category. The sample size is very small and a significant statistical test 
could not be conducted. The measurement frequency per problem type is therefore 
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evaluated as(-) and the information in this database can not be used to prioritize 
problems. 

Level of detail - Owner 
The information in this database does not pinpoint the relevant actor in the business 
process for any of the records and this measurement is therefore evaluated as (-). 

Level of detail - Root causes 
Whether it is possible to find the root cause of problem is determined by information 
granularity and information resolution. Figure 5.3 shows how the problems in the Focus 
Group study were evaluated. Clearly can be seen that information granularity is high for 
most records. Information resolution is higher with more than half or the records being of 
ordinal information. The reason for this is probably that the goal of the study is to get 
suggestions for improvement from the customer and the participants in the study state 
what could improve the product to prevent the problem. 
This means the information in this database can be of help to zoom in on the problem and 
that the uncertainty about the solution will be reduced slightly. The number of problems 
reported in this database is very small and it is very difficult to make a reliable analysis. 
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Figure 5. 7: Number of problems by information granularity and information resolution Focus Group Study 

Timeliness 
This database does not contain information about when the data was gathered and it is 
therefore not possible to evaluate the timeliness of the provided information. 
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T bl 5 10 a e f h g1ves an overview o t e evaluation of the Focus !!fOUP study database. 
Information Sub requirement Measurement Evaluation 
requirement 

Content Detailed problem Average information granularity + 
description level 2,00 

Content Customer profile No -

Content Use profile No (9 out of 10 times) -

Level of detail Frequency Prioritization per problem? -
Prioritization per customer group? -

Level of detail Owner No (10 out of IO times) -

Level of detail Root causes • Information granularity level Chart (see 

• Information resolution level figure 5.7) 
Timeliness Timeliness TTP vs. Development time Unknown 

Table 5.10: Overview evaluation Focus Group study 

The information can be used to zoom in on the problem and information resolution is of a 
level that uncertainty is reduced slightly, but on all other measurements the information 
was evaluated negatively. Furthermore, the very small sample size renders the database 
of little use. The focus group study therefore has very little potential to solve soft 
reliability problems. 

5.4.4 Internet Forum 
This database consists of a 45 forum threads with a total of 190 individual posts. Three 
threads were deleted because the judges could not reach agreement. Sometimes 
customers report more than one problem in a one thread. These problems were then 
evaluated separately. This results in a total of 55 problems reported in the database. When 
a customer reports a problem and another customer indicated he or she experienced the 
same problem one was added to the frequency of the problem. The sample size for the 
frequency is therefore not 55 but 62 records. The evaluations per judge and the combined 
evaluation can be found in Appendix VIII. 

The inter rater reliability for this database was as follows for the different measurements: 
Measurement Inter rater reliability 
Information Granularity 0.28 
Information Resolution 0.34 
Use profile Could not be calculated 
Use environment 0.30 
Part of consumer process 0.54 
Owner -0.06 ➔ 0 

Table 5. I I : Inter Rater Reliability Internet Forum 

Inter rater reliability is poor. For use profile all judges answered No, so K could not be 
calculated. For use environment one judge answered Yes on one occasion, all other 
records were evaluated as No by all judges. This results in a K of -0.06. The poor inter 
rater reliability for information granularity and information resolution may have been 
caused by the format of the data. Text can be easily interpreted differently by different 
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people. Furthermore the number of customers present in one thread makes it difficult to 
determine information granularity. Finally: In the other three databases a call center agent 
or focus group supervisor structures the information, often making unclear bits clear 
again. This makes evaluation easier for the judges. The internet forum database does not 
have such a third party that structures the information. 
Furthermore, it is quite easy to mix up higher levels of information granularity if a 
complete state space for all products in a database is not present. Level 2 can easily be 
interpreted as level 3 and vice versa depending on the person that is evaluating the 
database. 
This may have led to the poor inter rater reliability for this database. 

Content - Detailed problem description 
On two occasions the information granularity was evaluated as level 0. For most records 
the information granularity was of level 3 meaning the information is very detailed and 
this database can be used to find detailed problem descriptions (see figure 5.8). This 
measurement is therefore evaluated as(+). 
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Figure 5.8: Information Granularity Internet Forum 

Content - Customer profile 
Internet forums do divide their users into groups in terms of how many messages they 
have posted to enable other users to get an idea of how trustworthy the user is. A typical 
classification can be found in Appendix IX. Internet forums however do not collect 
information per customer group as defined in section 4.1.2. Therefore it is not known 
which type of consumer is reporting a problem. This measurement is evaluated as (-). 
This also has consequences for the measuring of frequency. It is not possible to measure 
the frequencies per customer group since these groups are not known. However, it is 
possible to measure the frequencies per type of problem. 
Since the database does not distinguish different customer groups, this database can not 
be used to help with this aspect of soft reliability problems. 
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Content - Use profile 
On three occasions a customer provided information about the use environment, but 
never were functions and features ranked in terms of how often they were used. This 
database does therefore not contain a lot of information about the use profile. The 
database will be evaluated as (-) on this measurement. 

Level of detail - Frequency 
The count per part of the consumer process on information granularity level 1 was as 
follows: 

Packa in Installation Functions Features 
Count 0 5 44 13 

Table 5. I 2: Problem Count Internet Forum 

For two records information granularity level was O and the problem could not be 
classified into a category. A one sample Chi-Square test using equal proportions was 
conducted to evaluate whether problems in one part of the consumer process occurred 
more often than others. The test was significant (p=0,000<0,05), meaning prioritization is 
possible. The sample size of 62 was sufficiently large to ensure expected cell frequencies 
of 5 or greater. The measurement frequency per problem type is evaluated as ( + ). 

Level of detail - Owner 
The information in this database does not pinpoint the relevant actor in the business 
process for any of the records and this measurement is therefore evaluated as(-). 

Level of detail - Root causes 
Whether it is possible to find the root cause of problem is determined by information 
granularity and information resolution. Figure 5 .4 shows how the problems in the internet 
forum database were evaluated. Clearly can be seen that information granularity is high 
for most records. Information resolution is not very high, but there is a relatively large 
group with ordinal information resolution level. 
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This means the information in this database can be of help to zoom in on the problem and 
that the uncertainty about the solution is reduced slightly. 
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Figure 5.9: Number of problems by information granularity and information resolution Internet Forum 

Timeliness 
This database does contain information about when the data became available and it is 
therefore possible to evaluate the timeliness of the provided information. The assignment 
document for all three DVD-recorders was written in September 2004. All three DVD
recorders were released on the market in October 2005. This means the development time 
was 13 months. Figures 5 .10 through 5 .12 show the distribution of the average posting 
dates for the internet forum threads regarding the three types of DVD-recorders. A 
complete list of posting dates can be found in Appendix X. 
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Figure 5.10: Timeliness D VDR nr. 1 
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Figure 5.11: Timeliness D VDR nr. 2 
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Figure 5.12: Timeliness D VDR nr. 3 

The recorders have been on the market since 9 months, which is shorter than the 
development time, and already there is an abundance of information available. The 
measurement timeliness will therefore be evaluated as(+). The time till first problem 
reported is not evaluated separately since all records were available within nine months 
which is shorter than development time. 

T bl 5 13 . a e gives an overview o fth f e eva ua 10n o f th I t en eme tF orum dtb aa ase. 
Information Sub requirement Measurement Evaluation 
requirement 

Content Detailed problem Information granularity level + 
description 

Content Customer profile No -

Content Use profile No (52 out of 55 times) -

Level of detail Frequency Prioritization per problem? + 
Prioritization per customer group? -

Level of detail Owner No (55 out of 55 times) -

Level of detail Root causes • Information granularity level Chart (see 

• Information resolution level figure 5.9) 

Timeliness Timeliness TIP vs. Development time + 

Table 5.13: Overview evaluation Internet Forum Database 

The information in the Internet Forum database can be used to zoom in on the problem, 
information resolution is of a level that uncertainty is reduced slightly and it is possible to 
prioritize problems according to part of the consumer process. The database is also very 
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fast in providing feedback. The database was collected within nine months since market 
introduction which is shorter than the development time of the DVD recorders. 
However, the database does not contain information about the customer profile or use 
profile. 
This database has some potential in solving soft reliability problems. If the information is 
collected quick enough it may be possible to contact the customer reporting the problem 
and obtaining additional information about the customer profile and use profile. But in 
the current form the database cannot be used to solve soft reliability problems. 
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Chapter 6 Conclusions and Recommendations 

This chapter will describe the main conclusions of the research as well as give 
recommendations for further research. 

6.1 Reflection on Research Question and Conclusions 

Companies developing highly innovative products in consumer electronics are faced with 
four mayor trends influencing the trade-off between pricing and functionality on the one 
hand and product quality and reliability on the other hand: 

• Increasing product complexity 
• Increasing globalization 
• Shorter time-to-market 
• Higher customer expectations 

To be able to cope with these trends and to remain competitive companies need 
information. Traditionally companies collect information about hard reliability problems, 
but information currently collected is not collected for the purpose of solving soft 
reliability problems. Information that is able to solve these soft reliability problems may 
be found in consumer information databases, like call centers, internet forum and trade. 
This led to the following research question: 

To what extent can information in consumer information databases be used to 
solve soft reliability problems? 

To be able to answer this question first it had to be determined what aspects of 
information are important for the purpose of solving soft reliability problems. Combining 
aspects found in quality and reliability literature with aspects recognized by information 
quality literature resulted in the following information requirements: 

1 Content of information: 
• Detailed problem description 
• Information about the customer profile 
• Information about the use profile 

2. Level of detail 
• Frequency 
• Owner 
• Root causes 

3. Timeliness 
4. Deployment of information 
5. Resolution 

Details on these information requirements can be found in chapter 3, in particular section 
3.2. 
Next measurements had to be developed to evaluate consumer information databases on 
these aspects (see chapter 4). The goal was to understand the information present in these 
consumer information databases. 
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Ideally the information in consumer information databases can also be used to determine 
the customer profile. Development of the measurement for 'customer profile' showed 
that there is not yet a suitable method to determine to which adopter category a customer 
belongs using the information in consumer information databases. There are some tools 
available but these were not suitable for this research. Therefore this research determined 
if the customer profile was present by checking whether data was collected for different 
customer groups. Future research will have to develop a method to actually determine the 
customer profile. 
Developing a measurement for deployment of information was not possible, since the 
researcher had no access to product development data, but only to the databases. 
Therefore this requirement was not evaluated in this research. 
The measurement for the information requirement 'root causes' depends on two 
concepts: information granularity and information resolution. Information resolution was 
therefore no longer treated as a separate information requirement, but as a part of the 
information requirement 'root causes'. Information resolution itself does not say much 
about the information, but information resolution combined with granularity level is a 
measure for how uncertain the information is on what level of detail, which is how the 
requirement 'root causes' was measured. 

Content, information granularity and information resolution combined with timeliness 
determine the value of information for solving soft reliability problems. Owner and 
prioritization determine who the information should go to and deployment of information 
(not measured) evaluates whether the information is actually directed to the right people. 

Four databases were evaluated on the information requirements: 
• AV Entertainment Helpdesk database 
• Television Helpdesk database 
• Focus Group Study database 
• Internet Forum database 

Details of the results can be found in chapter 5. 

The evaluations resulted in the following observations: 
1 It is difficult to determine precise information granularity levels if granularity is 

level 2 or higher. The reason for this is that it requires a complete state space of 
all products present in a database. If these state spaces are not present it is quite 
easy to mix up these higher levels of granularity. Level 2 can easily be interpreted 
as level 3 and vice versa. This can lead to poor inter rater reliability as was the 
case for the internet forum database. 

2 All four databases contain very detailed problem descriptions, but for different 
reasons. Customers calling the helpdesks and participating in the focus group 
study either provide very detailed problem descriptions themselves or the 
agent/supervisor asks them questions to improve the level of detail and focus on 
the problem. Customers reporting their problems on an internet forum usually 
provide very detailed problem descriptions. The reason for this is that they 
probably know that more detail means others users can help more easily. 
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3 Den Ouden et al. (2005a) hypothesized that information about the customer 
profile and the use profile can be found in consumer information databases. 
Evaluation of the selected databases showed that this type of information can not 
be found here, except for a very small number of records. 

4 Prioritization is possible with consumer information databases, but only if the 
sample size can be increased and more is known about the distribution of 
reliability problems for the particular product. 

5 The owner of the information can usually only be pinpointed when the root cause 
of a problem has been found, because before that time it is not known how the 
problem can be solved. The information in the databases did not pinpoint the 
owner of the information. Since this research mainly tried to understand the 
information and not to actually solve the problems, the owner could not be 
pinpointed. 

6 The root causes of soft reliability problems may prove difficult to find using these 
databases, but they can be of help. Since all four databases have high levels of 
information granularity they can be used to zoom in on the part of the consumer 
process or even parts of the product. Information resolution can then be improved 
by searching for additional bits of information, either by contacting the customer 
of using databases not evaluated in this study, like consumer test databases. 

7 The internet forum database was evaluated on timeliness and the results are 
promising. Within a month from market introduction there were already problems 
reported by customers and the complete database was collected within 9 months 
from market introduction. With development time being 13 months it is clear that 
this type of database has great potential to receive rapid feedback on products. 

Overall the evaluated databases demonstrate that they contain some aspects of the 
information requirements to solve soft reliability problems, but they lack the ability to 
solve them by themselves. The AV entertainment helpdesk and television are similar 
databases. Both have low information resolution, but information granularity is higher for 
the AV entertainment helpdesk than for the Television Helpdesk. This is probably caused 
by the different types of products mentioned in these databases. 
The focus group and internet forum database have very high information granularity and 
higher information resolution than the other two databases and thus have more potential 
to discover the root causes of soft reliability problems. 

6.2 Research Evaluation 

This section will discuss the validity of the model developed in this research and suggest 
how the model to evaluate information can be improved. 

To ensure high construct validity the researcher has only used information requirements 
as they were defined in both information quality literature and quality and reliability 
literature. Measurements for these information requirements were developed keeping in 
mind the goal of the research of understanding information. 
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Internal validity was checked by calculating the inter rater reliability between the three 
judges, who evaluated the databases. The AV entertainment helpdesk, the television 
helpdesk, and the focus group study show good to excellent inter rater reliability meaning 
the results of the evaluations of these databases can be assumed to be correct and internal 
validity is high. 
The internet forum database however has poor inter rater reliability, especially for the 
information requirements information granularity and information resolution. The 
reasons for this are: 

• It is more difficult to interpret text files than it is to interpret spoken language. 
• There is no agent/supervisor present to structure the information contained in a 

record for the internet forum database. 
• One record often contains more than one problem, making it difficult to evaluate 

the correct part of the information. 
• To be able to evaluate information granularity precisely a complete state space of 

all products present in a database is needed. Since these state spaces were not 
available this has potentially contributed to the poor inter rater reliability. 

Since the internal validity for the internet forum database is low, the results of the internet 
forum database should therefore be used cautiously. 

The researcher has described precisely why these information requirements and 
measurements were selected. The research method used to evaluate the databases has also 
been documented carefully. This will enable repeatability of the research with the same 
expected results. 

The two major contributions of this research project are: 

• 

• 

Information requirements and measurements were developed to evaluate 
databases in their capability of solving soft reliability problems. It is now possible 
to evaluate databases and understand the information recorded by them. The 
results showed the evaluation method does not work equally well for all 
databases. Audio and video files can be evaluated with high internal validity, but 
text files cannot; measurements of the information requirements are media
specific. Further research needs to be done to be able to adapt the measurement to 
the media-type under investigation. 
Four consumer information databases were evaluated and results showed that 
these databases have very little potential to solve soft reliability problems by 
themselves. All four databases have high information granularity levels. 
Therefore the information can be used to zoom in on the problems. However 
information resolution is low, meaning the uncertainty about the root cause of the 
problem is still high. Furthermore none of the databases contain information about 
the customer profile and use profile. Further research needs to be done to find 
these lacking information requirements. 
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6.3 Generalization and Recommendations for Further Research 

6.3.1 Generalization 
External validity: The information in the evaluated consumer information databases is all 
about highly innovative consumer electronics products produced by one company. 
Further research is needed to generalize the research results with respect to other 
companies and other sectors. 

It is possible to do some generalization by using structural similarities between the 
company analyzed here and other companies active in consumer electronics. Most 
companies are faced with the same four industry trends and have to compete fiercely. 
They all use similar technologies and develop similar products. Even their service 
providers are structured similarly. Companies use service centers and call centers where a 
customer can report the problem he experiences. The databases that are collected by 
these companies will have the same characteristics as the databases analyzed in this 
paper. 

Using these structural similarities it should be possible to generalize the results to other 
companies in the consumer electronics industry and even to other sectors. 

6.3.2 Recommendations for Further Research 
The following areas of further research can be identified: 

• The results showed that the evaluation method for the databases is media-specific. 
The method works well for databases that contain audio or audio/video files, but it 
was found difficult to evaluate information in text files. Further research has to be 
done to investigate how the information measurement can be adapted for other 
media-formats. 

• Other databases have to be evaluated to check whether information of higher 
resolution can be found there as well as information about the customer profile 
and the use profile. This type of information was not present in the databases 
evaluated by this research. Consumer test databases have been shown to contain 
information of higher resolution (De Ruijter 2005) and are designed to categorize 
customers into adopter categories (Wijtvliet 2005). Furthermore, they contain 
detailed task lists the consumer has to carry out, which can serve as a 
predetermined use profile. De Ruijter (2005) applied a technique to deal with 
small sample sizes and sparseness of data to a High Contrast Consumer Test 
database. 

• The consumer information databases evaluated in this project clearly are not 
capable of solving soft reliability problems by themselves. However by 
combining bits of information from different sources the information resolution 
can be improved and information can become useful. Techniques like data mining 
and data fusion are potentially capable of doing this. These techniques use 
algorithms to find relationships between bits of information or cluster similar 
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parts of information together. Menon (2004) and Tan et al. (2000) showed data 
mining and data fusion can be applied successfully to discover knowledge in 
service center records. Roussinov and Zhao showed how these techniques can be 
applied to Customer Relationship Management (CRM) systems to increase 
product service and quality. 

• The research still has to be generalized to other companies and sectors as stated in 
section 7.3.1. This can be done by using structural similarities, but further 
research is needed. 

• Information in consumer information databases needs to be collected that can be 
used to determine the customer profile. This research found several methods for 
categorizing customer into adopter groups, but none of them was suitable to 
evaluate the information in the databases under investigation. Adopter 
categorization methods rely on the ability to ask the consumer specific questions 
to determine the customer profile. Since this was not an option in this research the 
information requirement 'customer profile' was measured by checking whether 
customer were categorized instead of actually categorizing them using the 
information. Future consumer information databases need to collect information 
about these specific questions to ensure the information in a database can be used 
to determine the customer profile. 

• The evaluation method can be further improved by collecting state spaces for all 
products reported in a database. This way the concept information granularity can 
be evaluated more easily and inter rater reliability can be improved. 

• Finally, if soft reliability problems are to be prevented in the future, customers 
need to be encouraged to give information about their customer profile and use 
profile. No questions asked policies are easy for customers, but do not help to 
prevent these soft failures. Especially call center agents can potentially be a 
valuable source of this type of information. Currently, they enter customers that 
report a problem into the company's records. Expanding this process with a 
simple set of questions directed at determining the customer profile and use 
profile, can enrich the information in these consumer information databases. 
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Appendix I: Data Quality Dimensions 

Overview of Data Quality Dimensions (Lee et al. 2002) 
Intrinsic IQ Coniexmal IQ Representational IQ Accessibility IQ 

Wang and Strong (39] Accuracy, believability, Value-added. relevance, Understandability, Accessibility, 

reputation, objectivity completeness. t imeliness. i nterpretabi lity. ease of operations. 
appropriate amount concise representation, securi1y 

con.sistent representation 
Zmud (4 11 Accurate . facrual Quan1 i1y. reliable/timely Arrangemen1. readable, 

reasonable 

Jarke and Belie,•ability, accuracy, Re·levance, usage. lnterpre1ability, syntax, Acces.s ibility, sys1em 

Vassiliou 1161 credibili 1y, consistency, timeliness. source version control. availability, transaction 

completcnes.s currency, data warehouse semantics, aliases. origin availability, privileges 
currency, non-volati lity 

Delone and Accuracy, precision. Importance. relevance. Understandability, Usableness, 

McLean [ 11 ] reliability, freedom usefulnes.s, infom1ativenes.s, readability, clarity, format, quantitativeness. 

from bias content, sufficiency, appearance. conciseness, convenience of access' 
con1pleteness. currency, uniqueness, comparability 

timeliness 
Goodhue ( 141 Accuracy, reliability Currency, level of derail Compatibility, meaning. Acces.sibility, assistance. 

presentation, lack ease of use 
of confusion (of h/w, s/w). 

locatabil ity 

Ballou and Pazer [41 Accuracy. consistency Completeness, 
timeliness 

Wand and Wang (371 Correciness. unambiguous Complc1eness Me:mingfulnes.s 
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Appendix II: Maturity Index on Reliability 

This appendix will explain the Maturity Index on Reliability as developed by 
Brombacher (1999) and Sander and Brombacher (1999)/ 

Process status 

The four MIR levels are defined on an ordinal scale: 

What to do 

Why 

Where 

How much 

Questions 

1. Quantification (measured): the business process is able to generate quantitative 
information, on a per product basis, indicating the number of failures in field and 
production. 

2. Identification (analyzed): The business process is able to determine the primary 
and secondary location of failures: 

• Primary (organization): location of the cause of the failure within the 
business process (Development, Production, Operation, etc.). 

• Secondary (position): location of failure within the product (hardware, 
software, etc.). 

3. Cause (controlled): The business process is able to generate detailed information 
for all dominant failures on root cause level. This can be translated into 
repairs/modifications for current products and anticipated risks for future 
products. 

4. Improvement ( continuous improvement): The business process is able to learn 
from the past in installing business processes and working methods to anticipate 
reliability risks for future products and eliminate these risks as part of new 
product creation. 

In order to qualify for level n all requirements for level n-1 have to be fulfilled. 
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Appendix Ill: The DSl-use tool 

This appendix will explain the DSI-use tool as developed by Wijtvliet (2005). 

The DSI use scale consists of six questions: 
1. In general, I am among the first (last) in my circle of friends using a new . .... . 

when it appears. 
2. If I heard that a new ...... was available in the store, I would (not) be 

interested enough to use it. 
3. Compared to my friends I use a few of (a lot of) .... . . 
4. In general, I am the last (first) in my circles of friends to know how to use 

5. I will not intend to use new ...... if I haven't seen people using it. 
6. I ( do not) like to use ... ... before other people do. 

A product domain has to be filled in on the dotted lines. A person can score on a five
point-scale (5: strongly agree, 4: agree, 3: neutral, 2: disagree, 1: strongly disagree) for 
each question, where a higher score presumes someone to be more innovative on the 
usage of a product and a lower score will denote someone to be less innovative on use. 
The summarized scores will subscribe a person to the different consumer categories. 
The following table shows the scores related to the different adopter categories: 

Consumer Cateeories DSI Scale 
Innovator 26 ... 30 
Early adopter 21...25 
Early maiority 16 ... 20 
Late majority 11.. .15 
Laggard 6 ... 10 
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Appendix IV: Inter Rater Reliability Calculation Example 

This appendix gives an example of how inter rater reliability (K) was calculated. In the 
example K was calculated for the information granularity level of the AV Entertainment 
Helpdesk. 

n= 19 m= 3 kappa= 0,89 

Judge Judge Judge 
Number Total 1 2 3 Item GO G1 G2 G3 sum(x_ijA2) 

AV 
Entert. 2 2 2 2 1 3 9 
AV 
Entert. 2 2 2 2 2 2 3 9 
AV 
Entert. 3a 2 3 2 5 
AV 
Entert. 3b 2 2 2 2 4 3 9 
AV 
Entert. 4 3 3 3 3 5 3 9 
AV 
Entert. 5 3 3 3 3 6 3 9 
AV 
Entert. 6 7 3 9 
AV 
Entert. 7 2 2 2 2 8 3 9 

AV 
Entert. 8 2 2 2 2 9 3 9 

AV 
Entert. 9 3 3 3 2 10 2 5 

AV 
Entert. 10 3 3 3 3 11 3 9 

AV 
Entert. 11 3 3 3 3 12 3 9 

AV 
Entert. 12 3 3 3 3 13 3 9 

AV 
Entert. 13 14 3 9 

AV 
Entert. 14 2 2 2 2 15 3 9 

AV 
Entert. 15 3 3 3 3 16 3 9 

AV 
Entert. 16 0 0 0 0 17 3 9 

AV 
Entert. 17a 2 2 2 2 18 3 9 

AV 
Entert. 17b 3 3 3 3 19 3 9 

57 3 8 23 23 163 

p_j 0,053 0,140 0,404 0,404 

q_J 0,947 0,860 0,596 0,596 

0,050 0,121 0,241 0.241 Sum(p_j*q_j) 0,652 
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Appendix V: Evaluations of AV Entertainment Helpdesk 

J d 1 u li!e : 
Granularity Resolution Use profile Environment Freauencv Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 2 0 No No I No 
2 2 N No No I No 

3a 1 I No No I No 
3b 2 N No No I No 
4 3 N No No I No 
5 3 N No No I No 
6 1 N No No I No 
7 2 N No No I No 
8 2 N No No I No 
9 3 0 No No I No 
10 3 N No No I No 
11 3 N No No I No 
12 3 N No No I No 
13 1 N No No I No 
14 2 N No No I No 
15 3 N No No I No 
16 0 N No No No 

17a 2 N No No I No 
17b 3 N No No I No 

1 5 10 2 

J d 2 U U!e : 
Granularity Resolution Use profile Environment Freauencv Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 2 0 No No I No 
2 2 N No No I No 

3a 1 I No No I No 
3b 2 N No No I No 
4 3 N No No I No 
5 3 N No No I No 
6 1 N No No I No 
7 2 N No No I No 
8 2 N No No I No 
9 3 0 No No I No 
10 3 N No No I No 
11 3 N No No I No 
12 3 N No No I No 
13 1 N No No I No 
14 2 N No No I No 
15 3 N No No I No 
16 0 N No No No 
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2 0 No No 

3 N No No 

J d 3 u l!!e : 
Granularity Resolution Use profile Environment Freciuency Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 2 0 No No I No 
2 2 N No No I No 

3a 2 I No No I No 
3b 2 N No No I No 
4 3 N No No I No 
5 3 N No No I No 
6 1 N No No I No 
7 2 N No No I No 
8 2 N No No I No 
9 2 0 No No I No 
10 3 N No No I No 
11 3 N No No I No 
12 3 N No No I No 
13 1 N No No I No 
14 2 N No No I No 
15 3 N No Yes I No 

16 0 N No No No 

17a 2 N No No I No 

17b 3 N No No I No 

1 5 9 3 

Combined· . 
Granularity Resolution Use profile Environment Freciuency Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 2 0 No No I No 

2 2 N No No I No 

3a 1 I No No I No 

3b 2 N No No I No 

4 3 N No No I No 

5 3 N No No I No 

6 1 N No No I No 

7 2 N No No I No 

8 2 N No No I No 

9 3 0 No No I No 

10 3 N No No I No 

11 3 N No No I No 
12 3 N No No I No 

13 1 N No No I No 
14 2 N No No I No 
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15 3 N No No I No 

16 0 N No No No 

17a 2 N No No I No 

17b 3 N No No I No 

1 5 10 2 
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Appendix VI: Evaluations of Television Helpdesk 

J d 1 U l!!e : 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/O/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 3 N No Yes I No 
2 3 R No No I No 
3 3 N No Yes I No 
4 0 N No No No 
5 3 N No No I No 

6a 2 0 No Yes I No 
6b 2 N No No I No 
6c 2 0 No No I No 
7 0 N No No No 
8 3 N No No I No 
9 3 N No Yes I No 

10a 2 N No No I No 
10b 2 N No No I No 
10c 0 N No No No 
11 0 N No No No 
12 0 N No No No 
13 0 N No No No 
14 1 N No No I No 
15 2 N No No I No 

16 2 N No No I No 

17 2 0 No No I No 

18 3 N No No I No 

19 1 N No No I No 

20a 1 0 No No I No 

20b 2 0 No No I Yes 

20c 3 N No No I No 

21 3 N No No I No 

22 1 N No No I No 

2 5 7 8 

J d 2 U l!!e : 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/O/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 2 N No No I No 

2 2 I No No I No 

3 2 N No Yes I No 

4 0 N No No No 

5 3 N No No I No 

6a 2 N No Yes I No 

6b 2 N No No I Yes 
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6c 2 0 No No I No 
7 0 N No No No 
8 2 N No Yes I No 
9 2 N No No I No 

10a 2 N No No I No 
10b 2 N No No I No 
10c 0 N No No No 
11 0 N No No No 
12 0 N No No No 
13 0 N No No No 
14 1 N No No I No 

15 2 0 No No I No 
16 2 N No No I No 

17 1 0 No No I No 

18 2 N No No I No 

19 1 N No No I No 

20a 2 N No No I No 
20b 2 0 No No I Yes 

20c 2 N No No I No 

21 3 N No No I No 

22 1 N No No I No 

2 4 7 9 

J d 3 u liJe : 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 2 N No No I No 
2 3 R No No I No 

3 2 N No No I No 
4 0 N No No No 

5 3 N No No I No 
6a 2 N No Yes I No 
6b 2 N No No I No 

6c 2 0 No No I Yes 
7 0 N No No No 
8 2 N No No I No 

9 2 0 No No I No 
10a 2 N No No I No 
10b 2 N No No I No 
10c 0 N No No No 
11 0 N No No No 
12 0 N No No No 
13 0 N No No No 
14 1 N No No I No 
15 2 0 No No I No 
16 2 N No No i No 
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17 1 0 No No I No 
18 2 N No No I No 
19 1 N No No I No 

20a 2 N No No I No 
20b 2 0 No No I Yes 
20c 2 N No No I No 
21 3 N No No I No 
22 1 N No No I No 

2 4 6 10 

Combined: 
Use 

Granularity Resolution profile Environment Freauencv Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 2 N No No I No 
2 3 R No No I No 
3 2 N No Yes I No 
4 0 N No No No 
5 3 N No No I No 

6a 2 N No Yes I No 
6b 2 N No No I No 
6c 2 0 No No I No 
7 0 N No No No 
8 2 N No No I No 

9 2 N No No I No 
10a 2 N No No I No 

10b 2 N No No I No 
10c 0 N No No No 
11 0 N No No No 
12 0 N No No No 
13 0 N No No No 
14 1 N No No I No 
15 2 0 No No I No 
16 2 N No No I No 
17 1 0 No No I No 
18 2 N No No I No 
19 1 N No No I No 

20a 2 N No No I No 
20b 2 0 No No I Yes 
20c 2 N No No I No 
21 3 N No No I No 
22 1 N No No I No 

2 4 7 9 
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Appendix VII: Evaluations of Focus Group Study 

Jud!!e 1: 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/O/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 

2a 2 N No No I No 

2b 2 N No Yes I No 

3 0 0 No No No 

4 2 0 No No I No 

5 2 0 No No I No 

6a 3 0 No No I No 

6b 3 0 No No I No 

6c 3 0 No No I No 

6d 3 0 No No I No 

7 1 N No No I No 

2 5 0 2 

Jud!!e 2: 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/O/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 

2a 2 N No No I No 

2b 2 N No Yes I No 

3 0 0 No No No 

4 2 0 No No I No 

5 2 0 No No I No 

6a 3 N No No I No 

6b 3 0 No No I No 

6c 3 0 No No I No 

6d 3 0 No No I No 

7 1 N No No I No 

2 5 0 2 

Jud!!e 3: 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/O/I/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 

1 

2a 2 N No No I No 

2b 2 N No Yes I No 

3 0 0 No No No 

4 2 0 No No I No 

5 2 N No No I No 

6a 2 N No No I No 

6b 3 0 No No I No 
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Sc 3 0 No No I No 
Sd 3 0 No No I No 
7 1 N No No I No 

2 5 0 2 

Combined: 
Granularity Resolution Use profile Environment Freauencv Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 

2a 2 N No No I No 

2b 2 N No Yes I No 
3 0 0 No No No 

4 2 0 No No I No 

5 2 0 No No I No 

Sa 2 N No No I No 

Sb 3 0 No No I No 

Sc 3 0 No No I No 

Sd 3 0 No No I No 

7 1 N No No I No 

2 5 0 2 
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Appendix VIII: Evaluations of Internet Forum 

J d 1 U l!!e : 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 3 N No No I No 
2 3 0 No No I No 
3a 3 0 No No I No 
3b 3 0 No No I No 
4 3 N No No I No 
Sa 3 N No No I No 
Sb 2 N No No I No 
6 3 0 No No I No 

7a 3 0 No No I No 
7b 3 0 No No I No 
8 3 N No No I No 
9 3 0 No Yes I No 
10 0 N No No No 
11 3 N No No I No 
12a 2 0 No No I No 
12b 3 0 No No I No 
12c 3 0 No No I No 
13 2 0 No No I No 
14a 3 N No No I No 
14b 3 N No No I No 
15a 3 N No No II No 
15b 3 N No No I No 
16 3 N No No I No 

17a 2 0 No No 1111 No 
17b 2 0 No No I No 
17c 1 0 No No II No 
17d 3 0 No No I No 
18 3 N No No I No 
19 2 N No No I No 
20 3 N No No II No 
21 2 N No No I No 
22 3 N No Yes II No 
23 3 N No No I No 
24 3 N No Yes I No 
25 3 0 No Yes II No 
26 3 N No No I No 
27a 3 0 No No I No 
27b 3 N No No I No 
28a 3 N No No I No 
28b 3 N No No I No 
29 3 N No No I No 
30 3 0 No Yes Ill No 
31a 3 0 No No I No 
31b 2 N No No I No 
32 1 0 No No I No 
33 3 0 No No I No 
34 3 N No No I No 
35 2 N No No I No 
36 3 0 No No I No 
37 3 0 No No I No 
38 3 N No No I No 
39 2 0 No No I No 
40 3 0 No No I No 
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41 3 N No Yes I No 
42 3 0 No Yes I No 
43 2 N No No I No 
44 3 N No No I No 
45 3 0 No No I No 

0 7 44 16 

J d 2 u U!e : 
Granularity Resolution Use profile Environment Freauencv Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 3 N No No I No 
2 3 N No No I No 
3a 3 0 No No I No 
3b 3 0 No No I No 
4 2 N No No I No 
5a 3 N No No I No 
5b 2 N No No I No 
6 2 0 No No I No 
7a 2 0 No No I No 
7b 3 0 No No I No 
8 3 0 No No I No 
9 3 0 No No I Yes 
10 3 0 No No I No 
11 2 N No No I No 
12a 2 0 No No I No 
12b 3 0 No No I No 
12c 3 0 No No I No 
13 2 N No No I No 

14a 2 N No No I No 
14b 2 I No No I No 
15a 2 N No No II No 
15b 2 N No No I No 
16 3 N No No I No 
17a 3 N No No 1111 No 
17b 2 N No No I No 
17c 1 0 No No II No 
17d 2 N No No I No 
18 2 N No No I No 
19 0 N No No No 
20 2 0 No No II No 
21 2 N No No I No 
22 3 0 No No II No 
23 2 N No No I No 
24 3 N No No I No 
25 3 0 No No II No 
26 3 0 No No I No 

27a 3 0 No No I No 
27b 3 N No No I No 
28a 3 N No No I No 
28b 3 N No No I No 
29 3 N No No I No 
30 3 0 No Yes Ill No 
31a 3 N No No I No 
31b 3 N No No I No 
32 3 N No No I No 
33 3 0 No No I No 
34 3 N No No I No 
35 3 N No Yes I No 
36 3 N No No I No 
37 3 0 No No I No 
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38 2 N No No I No 
39 3 0 No No I No 
40 3 N No No I No 
41 3 0 No No I No 
42 3 0 No No I No 
43 2 N No No I No 
44 2 N No No I No 
45 2 N No No I No 

0 9 39 19 

J d 3 U IPe : 
Granularity Resolution Use profile Environment Frequency Owner 

0/1/2/3 N/0/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 3 N No No I No 
2 3 N No No I No 

3a 3 0 No No I No 
3b 3 0 No No I No 
4 2 N No No I No 
Sa 2 N No No I No 
Sb 3 N No Yes I No 
6 2 N No No I No 
7a 1 N No No I No 
7b 3 0 No No I No 
8 3 N No No I No 
9 3 N No Yes I No 
10 0 N No No No 
11 3 I No No I No 
12a 1 N No No I No 
12b 3 N No No I No 
12c 3 0 No No I No 
13 2 N No No I No 
14a 2 N No No I No 
14b 2 I No No I No 
15a 2 N No No II No 
15b 2 N No No I No 
16 3 N No No I No 
17a 3 N No No 1111 No 
17b 2 N No No I No 
17c 1 N No No II No 
17d 2 N No No I No 
18 3 N No Yes I No 
19 0 N No No No 
20 3 N No No II No 
21 2 N No No I No 
22 2 N No No II No 
23 2 N No No I No 
24 3 N No No I No 
25 3 I No Yes II No 
26 3 N No No I No 
27a 3 N No No I No 
27b 3 N No No I No 
28a 2 N No No I No 
28b 3 N No No I No 
29 3 N No No I No 
30 3 N No Yes Ill No 
31a 2 0 No No I No 
31b 2 N No No I No 
32 0 N No No No 
33 2 0 No No I No 
34 3 0 No No I No 
35 3 N No No I No 
36 3 N No No I No 
37 3 0 No No I No 
38 2 N No No I No 

D.L.J. George 90 



TU/e Evaluation of Consumer Information Databases to Solve Soft Reliability Problems 

39 3 0 No No I No 
40 3 N No No I No 
41 2 0 No No I No 
42 2 0 No No I No 
43 2 N No No I No 
44 2 N No No I No 
45 3 0 No No I No 

0 7 48 10 

Combined: 
Granularity Resolution Use profile Environment Freauencv Owner 

0/1/2/3 N/O/1/R Yes/No Yes/No Pack. Inst. Fune. Feat. Yes/no 
1 3 N No No I No 
2 3 N No No i No 
3a 3 0 No No i No 
3b 3 0 No No I No 
4 2 N No No I No 
Sa 3 N No No I No 
Sb 2 N No No I No 
6 2 0 No No I No 
7a del. del. del. dei. del. del. del. del. del. 
7b 3 0 No No I No 
8 3 N No No I No 
9 3 0 No Yes I No 
10 0 N No No No 
11 3 N No No I No 
12a 2 0 No No I No 
12b 3 0 No No I No 
12c 3 0 No No i No 
13 2 N No No I No 
14a 2 N No No I No 
14b 2 I No No I No 
15a 2 N No No II No 
15b 2 N No No I No 
16 3 N No No I No 
17a 3 N No No 1111 No 
17b 2 N No No I No 
17c 1 0 No No II No 
17d 2 N No No I No 
18 3 N No No I No 
19 0 N No No No 
20 del. del. del. dei. del. del. del. del. del. 
21 2 N No No I No 
22 3 N No No II No 
23 3 N No No I No 
24 3 N No No No 
25 3 0 No Yes No 
26 3 N No No No 
27a 3 0 No No No 
27b 3 N No No No 
28a 3 N No No No 
28b 3 N No No No 
29 3 N No No No 
30 3 0 No Yes No 
31a 3 N No No No 
31b 2 N No No I No 
32 del. dei. del. del. del. del. del. del. del. 
33 3 0 No No I No 
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34 3 N No No I No 
35 3 N No No I No 
36 3 N No No I No 
37 3 0 No No I No 
38 2 N No No I No 
39 3 0 No No I No 
40 3 N No No I No 
41 3 0 No No I No 
42 3 0 No No I No 
43 2 N No No I No 
44 2 N No No I No 
45 3 0 No No I No 

0 5 44 13 
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Appendix IX: User Classification Internet Forum 

Users are classified according to the number of posts they have made in forum threads. 

Level Title 
1 New on Forum 
2 Rookie 
3 Junior Member 
4 Member 

5 Senior Member 
6 Guru 

Besides the member types listed above there are usually also moderators present. These 
are users that have shown to be particularly helpful or knowledgeable in some area. 
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Appendix X: Post Dates Internet Forum 

Thread DVDR First post Last post Average post 
Number Tvoe nr. # Posts (ddmmyyyy) (ddmmyyyy) (ddmmvvvvl 

1 1 3 03112005 03112005 03112005 
2 1 1 09012006 09012006 09012006 
3 1 6 31052006 27062006 09062006 
4 1 5 11022006 20022006 15022006 
5 1 3 07062006 21062006 12062006 
6 2 1 26042006 26042006 26042006 
7 2 27 17042006 23052006 26042006 
8 2 2 10052006 10052006 10052006 
9 2 3 05042006 14042006 10042006 
10 2 1 20122005 20122005 20122005 
11 3 2 22062006 22062006 22062006 
12 3 4 21062006 23062006 22062006 
13 2 1 09012006 09012006 09012006 
14 2 3 11022006 12022006 12022006 
15 1 13 09112005 21032006 19112005 
16 1 3 02112005 02112005 02112005 
17 1 6 13012006 13032006 05022006 
18 1 15 11102005 11102005 11102005 
19 1 6 28112005 22122005 17122005 
20 1 6 02012006 13052006 24012006 
21 2 1 16042006 16042006 16042006 
22 2 8 25092005 20122005 10112005 
23 3 3 23072005 31082005 06082005 
24 3 2 20022006 20022006 20022006 
25 1 9 19122005 13012006 27122005 
26 1 3 21102005 26102005 24102005 
27 1 5 26102005 20112005 04112005 
28 1 7 14112005 03022006 15122005 
29 1 2 15012006 16012006 16012006 
30 2 9 07062006 21062006 15062006 
31 1 2 26122005 27122005 27122005 
32 2 5 08032006 08032006 08032006 
33 3 7 02012006 16012006 06012006 
34 2 1 13122005 13122005 13122005 
35 1 3 17122005 17122005 17122005 
36 2 1 02122005 02122005 02122005 
37 2 2 04122005 04122005 04122005 
38 1 4 09062006 10062006 10062006 
39 2 3 24062006 24062006 24062006 
40 2 2 05012006 06012006 06012006 
41 2 4 21012006 23012006 22012006 
42 2 2 11022006 11022006 11022006 
43 2 2 01102005 17102005 09102005 
44 1 1 28122005 28122005 28122005 
45 3 3 07042006 07042006 07042006 
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