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Abstract 

Current trends in the consumer electronics industry implicate a stronger focus on customer 
satisfaction combined with a stronger pressure on time-to-market. A failure prioritization 
model, which would model the User Perceived Failure Severity (UPFS), could support 
reliability optimization early in the development process of consumer electronics products. 
UPFS is presumably influenced by a number of failure characteristics and user characteristics. 
The research described in this thesis will focus on one of these failure characteristics: 
Function Importance. 
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Summary 

Introduction 
Currently there are four major trends, especially in the consumer electronics industry, that 
influence the development process and quality and reliability of products. These trends are 
increasing product complexity, globalization and segmentation, strong pressure on time-to
market, and increasing customer demands. 

Because technological possibilities are exponentially increasing it is important to exploit the 
attractive technologies and create those products that are attractive to the customers. This is 
an iterative process in which new technologies are presented to the public, and in which the 
things that catch on have to be utilized. But here also lies the biggest risk for product 
developers and consumer electronics companies. Because when companies create 
expectations by promising a new product with many attractive requirements, but the product 
turns out to be a mismatch with the customer's expectations or simply does not meet the 
expectations created, it will become a terrible flop. Therefore, it is very important for 
consumer electronics companies to be able to streamline the expectations that customers have 
regarding new products with the expectations that they create and assuring that these 
expectations will be fulfilled. 

The topic described above can also be related to another growing aspect in the consumer 
electronics industry: the situation where product specifications do not meet customer 
requirements during actual product use, resulting in unanticipated complaints on performance. 
This leads to an increasing number of No Fault Found (NFF) failures. This increase suggests 
that product developers seem to make the wrong decisions regarding the solutions 
to/prevention of failures. Product developers tend to design products to conform to their own 
idea of what makes a great product, which is often strikingly different from what users would 
regard as a great product. Because developers have much more expertise and have a different 
view on a product than users, they expect that they develop products that have many attractive 
requirements which should lead to high customer satisfaction. However, because their focus is 
not on the desires of the customer, they create expectations of products with high 
functionality which tum out to be ineffective for the end-user. This results in a situation where 
high development costs are made for a product of which it is not known if it will meet 
customer demands. Therefore, a tool, that puts the focus of the developers on specifications 
and failures considered important by users, is desired. By using a failure prioritization model 
from a user perspective, the development process can focus on preventing the failures 
considered most important by customers. A failure prioritization model could support 
reliability optimization early in the development process of consumer electronics products. 

The trends described above are the basis for a PhD research, which aim is the development of 
a failure prioritization model. This would model the User Perceived Failure Severity (UPFS). 

Research assignment 
The UPFS is presumably influenced by a number of failure characteristics and user 
characteristics. Of these failure characteristics, failure impact and function importance are 
selected to model UPFS in the PhD research of de Visser. 

The research described in this thesis will focus on one of these failure characteristics: 
Function Importance. The goal of this thesis is to measure FI of the different functions of an 
LCD-TV and relate this to the UPFS model. UPFS is the dependent variable in this research; 
FI is the independent variable. The extraneous variables in this research are all other 
identified failure characteristics that might influence the UPFS, and user characteristics. 
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These extraneous variables should be kept as constant as possible. The research model is 
shown in the figure below. 

UPFS 

·~ Extraneous -
' Variables 

Function 
Importance 

Figure I. Research model 

The findings presented above result in the following main research question: 

J To what extent does Function Importance influence User Perceived Failure Severity? 

Theoretical Framework 
To be able to determine the importance of the different functions of an LCD-TV, it has to be 
made clear what a function is in the context of this research. A function will be defined here 
as: "the whole of technical attributes, that in the eyes of the user is required to execute one 
task, that can fail resulting in partial un-playability of the task". 

There are certain criteria, which result from this definition and the context of the research, 
which have to be fulfilled before something can be denoted a function. These criteria are: 

A function is considered as a whole of technical attributes that, in the eyes of the user, 
is required to execute one task. 
This research focuses on failures in the functions; therefore it is necessary that a 
failure can occur in the function, which causes (partial) un-playability of the task. 
Because the research focuses on a classification of the various functions, not only the 
most important, well-known or eye-catching functions have to be considered, but all 
things that are classified as a function, as described above. 

To be able to provide an answer on the main research question, a clear definition of function 
importance is needed. Function importance is defined here as: "the relative importance of a 
junction, in proportion to the other junctions of a product". 

Research hypothesis 
The following research hypothesis is formulated: It is expected that increasing the importance 
of a function in which a failure occurs, will increase the UPFS significantly. Meaning that if a 
failure occurs in a function that is considered to be very important by customers, the UPFS 
will be significantly higher than when a failure occurs in a function that is considered less 
important by customers. 

Function Importance survey 
A function importance survey is carried out to determine the importance of the different 
functions of an LCD-TV. A number of methods to identify important attributes can be found 
in literature. These methods are discussed and evaluated according to several dimensions. The 
most important dimensions used in the comparison between methods are explained here: 

- Applicability in the context of this research - The method should identify important 
and less or un-important functions of one product group. It should preferably be 
possible to quantify the data obtained with the method, for easy processing of the 
results. 
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Within alternative variance - The method should be able to distinguish functions on 
importance. This is of special interest when trying to classify the different functions 
on perceived importance. 

- Average time spent - Respondents usually do not want to spend a lot of time on the 
questionnaire. Therefore, the method should not take too much of the respondents 
time to be able to obtain a large sample. 
Validity- The results obtained with the method should be reliable and valid. 

The following methods are compared on the basis of those dimensions: 
Triadic Sorting using Kelly's repertory grid (TS) - This procedure starts by the respondent 
being shown triple combinations of the product concerned. For each triple combination the 
respondent is repeatedly asked for an important attribute on which two products are alike and 
at the same time different from the third. 
Information Display Board (IDB)- In this method subjects choose information piece by piece 
from an attribute by brand matrix board until they have acquired enough information to make 
a product selection. 
Rank Ordering and Elicitation (ROE) - First the respondent is asked to rank order alternatives 
according to some choice related criterion. Then, the respondent is asked to explain why 
alternative A is preferred to alternative B, and so on, by denominating the attributes that lead 
to their preference. 
Ratings of functions on a pre-established list (RPL) - The respondent is asked to indicate on a 
scale the importance of the attribute provided in the list. 
Direct Elicitation (DE) -The respondent is asked to come up with the attributes most 
important to him/her when choosing among the assortment of products presented. 

The method that is the easiest to apply in the context of this research (APP) is Ratings of 
functions on a Pre-established List (RPL). This method scores high on ATS, WAV and V, 
which are dimensions that are also very important in the context of this thesis. In this method 
respondents are asked to rate the various functions on importance on a scale from 0-100. This 
method is easy to apply, the different functions are not hard to specify and the questionnaire 
can be quite easily designed. Furthermore, this method has no bad or moderate rating on any 
of the other dimensions, and is therefore chosen for use in the FI measurement. 

According to the definition of a function used in this research and the TV that will be used in 
the experiment, a list of functions has been drawn up. All functions in this list are used in the 
function importance survey. The objective of the survey is to obtain a ranking of the different 
functions of a TV on importance. This ranking is used to select functions for use in the 
consumer experiment. The questionnaire also includes a P ANAS-X form, which is used to 
select participants for the consumer experiment that do not have a very high or low level of 
irritableness. To keep other user characteristics as constant as possible a homogenous group 
of respondents, namely students, is used. The survey is conducted at the university with a 
total number of 121 respondents. 

The survey results are a ranking of the different functions of a TV on importance. This 
ranking is used to select two functions for the consumer experiment; one function with high 
perceived importance and one function with low perceived importance. Furthermore, it must 
be possible to cause a failure in the function while the participant is actively using the 
function in the experiment. 

Consumer Experiment 
The objective of the experiment is to determine the relationship between FI and UPFS. The 
two functions that are selected for use in the consumer experiment are: 'watching the desired 
program without flaws in image or sound' and 'use of the motorized swivel'. It is examined if 
the level of irritation of users is higher when a failure occurs in the function that is considered 
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important (watching the desired program), compared to failure of the function that 1s 
considered less important (use of the motorized swivel). 

In the experiment, every participant receives a task list for one of the two functions; the 25 
participants are equally divided among the two scenarios. In the task list the participant gets 
an assignment for which the selected function has to be used in some way, during which a 
failure occurs in that function. After the TV is reset to its initial state by one of the observers 
the participants' level of irritation is measured. 

The extraneous variables must be held as constant as possible in the experiment. User 
characteristics are held as constant as possible by using a homogenous group of participants, 
and by selecting participants on the basis of their irritableness (with PANAS-X). The other 
failure characteristics, besides function importance, are adequately controlled by assuring that 
the experimental conditions are equal among the participants and the two scenarios. 

Irritation is measured by means of 'Response to Failure Form'. Participants are asked to 
report how they would respond to the failure they just experienced, with ten statements on a 
five-point scale, going from very likely (1) to very unlikely (5). The questionnaire consists of 
five statements regarding UPFS, the emotional responses, and five statements regarding 
action that could be undertaken; the action responses. The UFPS score is calculated by adding 
up the scores of the emotional responses. The higher the score, the higher the UPFS. The 
scores on most statements have to be reversed because a low score on those statements 
indicates high UPFS. Cronbach's alpha is used to indicate the extent to which the five 
emotional responses can be treated as measuring a single variable, in this case irritation. The 
reliability analysis returned an alpha of 0.834 which is >0.7, and therefore the measure can be 
considered reliable. 

Analysis of the UPFS scores shows a slightly higher average UPFS for the image scenario 
(21,08) compared to the swivel scenario (19,50). This difference is not significant; however 
there is one outlier on UPFS score in the image scenario. This participant disrupts the data 
obtained with the experiment by decreasing the average UPFS score and increasing the 
sample standard deviation. After analyzing the video of that experiment, it appears justifiable 
to exclude this participant from the analysis. The new average UPFS for the image scenario is 
now significantly higher than the average UPFS for the swivel scenario. This supports the 
hypothesis that failure of a function with high perceived importance results in higher UFPS 
than failure of a function with low perceived importance. 

Furthermore, it was found that the participants in the swivel scenario gave a higher score to 
the seriousness of the failure compared to the participants in the image scenario. Some 
participants indicated that they thought the failure of the image was due to problems with the 
signal, or Cable Company, and therefore did not think the failure was as severe as the failure 
of the motorized swivel. They did not attribute the failure to the TV itself. Therefore, another 
failure characteristic is introduced: Failure Attribution. 

Conclusions 
Comparison between the mean scores on UPFS for both scenarios showed that the 'image 
scenario' group had a significantly higher UPFS than the 'swivel scenario' group. Furthermore, 
it was shown in a correlation analysis that the items 'scenario' and 'UPFS' are correlated, 
which means that UPFS was higher for participants in the image scenario than in the swivel 
scenario. This also supports the hypothesis that FI influences UPFS. Furthermore, there was a 
moderate correlation between the actual FI rating given in the experiment and the UPFS 
resulting from the failure. Based on the information described above it can be concluded that 
failure of a function with high perceived importance results in higher UPFS than failure of a 
function with low perceived importance. Hence, FI does indeed influence UPFS. 
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There are some additional findings that exert influence on the conclusion drawn above. These 
will be presented below. 

It should be noted that the quality of the image, was not 100% when the TV was in 
the initial state. Furthermore, the impact of the image failure was marginal, since 
some channels were still high quality after failure. This indicates that the irritation 
scores in the image scenario may have been higher if the quality of the image before 
failure was perfect and if the impact of the failure was actually 100%. 
Since every participant in the image scenario did not attribute the failure of the image 
to the TV but to the signal or the cable company or gave no attribution, a new failure 
characteristic was introduced: Failure Attribution. It was shown that if individuals 
perceive that the failure is justified by socially acceptable rules (e.g. problems with 
the signal or cable company), as opposed to being arbitrary, the frustration response 
may be minimized. This finding suggests that if the failure in the image would have 
been attributable to the TV, the irritation of the participants may have been higher. 
This would suggest a stronger relationship between FI and UPFS than the one that 
was found above 
Furthermore, the sample used in the experiment was rather small (25 participants) due 
to budgetary constraints. To be able to generalize the results from this research and 
substantially ground the UPFS-model described in chapter 1, further experiments 
have to be carried out. 

The results obtained in this research give a good indication of the influence of FI on UPFS, 
but additional research will be needed for a sound foundation of the suggested UPFS model. 
Because the initial UPFS model did not seem to be complete, this model is revised. Failure 
impact is excluded from the list of independent variables that are expected to influence UPFS, 
and is from now on seen as an extraneous variable. Failure attribution is added to the list of 
independent variables as a new failure characteristic that has an interaction effect with user 
characteristics. This adaptation of the research variables is expected to result in a thorough 
UPFS model, which can be validated after further research and the execution of new 
experiments that encompass failure attribution. 

In the newly designed experiment function importance and failure attribution can both be seen 
as factors with two levels. A function with high perceived importance - 'watching the desired 
program' - and a function with low perceived importance - 'use of the motorized swivel' - can 
again be used in the experiment, resulting in two levels for this factor. Failure attribution can 
be divided into internal and external attribution. Internal attribution means that the failure is 
attributed to the TV itself and external attribution means that the failure is attributed to 
something outside the TV (which can be a socially acceptable phenomenon like a signal or a 
power disruption). This results in an experimental design with four failure scenarios, namely 
high importance-internal attribution, high importance-external attribution, low importance
internal attribution and low importance-external attribution. 
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1. Introduction 

Nowadays, companies that develop innovative products have more difficulties to make a good 
trade-off between price and functionality on the one hand, and quality and reliability on the 
other hand. There are four major trends, especially in the consumer electronics industry, that 
influence the development process and quality and reliability of products [Gra0 I]. These trends 
are: 

• Increasing product complexity - products have more functions and features, which 
means that more reliability problems may occur. Also product evaluation is increasingly 
complex and therefore costly and time consuming [Bro05]. 

• Globalization and segmentation - this implies that people with different backgrounds 
work on the same projects and need access to the same information [Pet03], which 
complicates the communication. It requires transferring information over big distances, 
which may reduce the quality of the information exchanges. 

• Strong pressure on time-to-market- shortening development processes requires perfect 
information and communication, and fast and efficient methods to ensure product 
reliability [Bro05]. If these methods are not functioning well, this may lead to products 
being introduced to the market that do not meet quality and reliability demands. 

• Increasing customer demands - customers demand increasing product quality and 
reliability, and also increasing product functionality. 

The results of these trends are that companies need to develop more complex products, within a 
shorter time to market, satisfying increasing customer demands. Customers' demands are 
increasing on, for example, reliability, price, availability and time-to-market. The requirements 
and demands of customers are possibly not complete or hard to map [Pet03]. The increasing 
product complexity, together with the strong pressure on time-to-market, results in a situation 
where companies often skip time consuming activities like testing and overlook (potential) 
product problems [Min99]. This puts product quality under pressure. 

The necessary shortening of the development time, requires fast and efficient methods for 
feedback of field information [Bro05], to be able to satisfy the high demands regarding quality 
and reliability. Many companies have little insight in what kind of quality and reliability 
problems practically occur, and how these can be prevented. Brombacher et al. [Bro05] show 
that in recent years, the time to get field feedback compared to the development time is 
relatively higher in the consumer electronics industry, as can be seen in Figure 1. 1. 

fi10..------------------
>, 

.e 
~ 
~ 

1980 1985 

-... , ... ....... 
Feedback time 

.... _ 
' -~ ..... 

DevelopmE!nt time 

1990 1005 2000 
Year 

2005 

Figure 1.1: Feedback time compared to development time for high-volume consumer electronics [Bro05] 
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Petkova [Pet03] draws the following conclusions from research into the field feedback in 
consumer electronics: There is a lack of field failure information suitable for quality and 
reliability improvements, and the information that is available should be of higher quality. The 
speed of the current field feedback information does not seem high enough for timely product 
quality improvements, and the available field feedback is often incomplete and not suitable for 
root cause analysis. 

These conclusions emphasize the need to develop faster and more efficient field feedback 
systems, to be able to use field feedback information in the development process to improve 
product quality and reliability. 

Nowadays, the technological possibilities in the consumer electronics industry increase 
exponentially. This means that companies can develop almost anything they want, but if these 
technologies and products do not meet the demands of the customers they are insignificant. 
Therefore, the question rises: where do we go with new technologies and what are the products 
of the future? It is an iterative process to test whether new technologies and new types of 
products will be successful in the market because it can never be fully forecasted whether a new 
technology will catch on with the general public or not. But if companies create expectations of 
a great new product, and it appears that they are not able to fulfill the expectations they create, 
customers will be highly dissatisfied. This issue can be clarified with the Kano model for 
customer satisfaction [Kan84]. 

The Kano model, distinguishes between three types of product requirements: Must-be 
requirements, One-dimensional requirements and Attractive requirements. These requirements 
all influence customer satisfaction in different ways, according to the degree in which they are 
met. 

Must-be requirements: These requirements are taken for granted by the customer, and 
will therefore not increase satisfaction when fully met. However, when these 
requirements are not fulfilled the customer will be extremely dissatisfied, and he will 
not be interested in the product at all. Must-be requirements are usually not explicitly 
demanded, but are in any case a decisive competitive factor. 
One-dimensional requirements: Customer satisfaction is proportional to the level of 
fulfillment - the higher the level of fulfillment, the higher the level of customer 
satisfaction. These requirements are usually explicitly demanded by the customer. 
Attractive requirements: These requirements have the greatest influence on customer 
satisfaction when met. These requirements are neither explicitly demanded nor 
expected by the customer, and therefore fulfilling these requirements will lead to great 
levels of customer satisfaction. 

A graphical representation of the influence of these different types of requirements on customer 
satisfaction can be seen in the figure below. 
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Figure 1.2: Kano's model for customer satisfaction [Ber93] 
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It can be seen in the figure above that the attractive requirements lead to a high level of 
customer satisfaction. Because technological possibilities are exponentially increasing it is 
important to exploit the attractive technologies and create those requirements that are attractive 
to the customers. This is an iterative process in which new technologies are presented to the 
public, and in which the things that catch on have to be utilized. But here also lies the biggest 
risk for product developers and consumer electronics companies. Because when companies 
create expectations by promising a new product with many attractive requirements, but the 
product turns out to be a mismatch with the customer's expectations or simply does not meet the 
expectations created, it will become a terrible flop. Therefore, it is very important for consumer 
electronics companies to be able to streamline the expectations that customers have regarding 
new products with the expectations that they create and assuring that these expectations will be 
fulfilled. 

The topic described above can also be related to another growing aspect in the consumer 
electronics industry: the situation where product specifications do not meet customer 
requirements during actual product use, resulting in unanticipated complaints on performance. 
This leads to an increasing number of No Fault Found (NFF) failures [Bro05], which can be 
divided into three categories. 

First, there are the non-technical failures, which are failures where the cause of the 
complaint cannot be determined. So, a customer explicitly complains on the (lack of) 
functionality of the product, as it does not meet his expectations, in spite of meeting the 
technical product specifications. 
In the second place, there are varying failures. Especially software failures occur in this 
category, e.g. when a particular function of the software does not work at one time, but 
after restarting the program the function suddenly works again. 
And last, there are failures that occur in the interaction with the environment. These 
failures occur when the connection between e.g. a DVD-player and a TV does not 
work, but when the TV is returned for repair the failure in interaction between TV and 
DVD-player cannot be reproduced. 

Figure 1.3 shows the development of the percentage of No Fault Found at a major manufacturer 
of high-tech, high volume consumer electronics products. 
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Figure 1.3: Percentage No Fault Found (NFF) in modem high-volume consumer electronics [Bro05] 

The graph shows an explosive increase in the percentage of NFF in recent years. This increase 
suggests that product developers seem to make the wrong decisions regarding the solutions 
to/prevention of failures. Product developers tend to design products to conform to their own 
idea of what makes a great product [Coo99]. This is often strikingly different from what users 
would regard as a great product. Typically, users require products with high functionality and 
both obvious and easy to use [Coo99]. In this thesis, the terms user, consumer and customer are 
used interchangeably, to indicate a person that is a (potential) buyer, and also uses the product. 
In the product creation process (PCP) nowadays, development time is shorter than the time it 
takes to obtain relevant feedback from the field. This leads to a situation where relevant 
feedback from the market is available after the PCP of the second or third product generation. 
Because developers have much more expertise and have a different view on a product than 
users, they expect that they develop products that have many attractive requirements which 
should lead to high customer satisfaction. However, because their focus is not on the desires of 
the customer and relevant feedback is not yet available, they create expectations of products 
with high functionality which tum out to be ineffective for the end-user. This results in a 
situation where high development costs are made for a product of which it is not known if it will 
meet customer demands. 

Because of the topics described above, a tool, that puts the focus of the developers on 
specifications and functions considered important by users, is desired. By using a failure 
prioritization model from a user perspective, the development process can focus on preventing 
failures of functions considered most important by customers. If this model can be integrated 
into the PCP, it could provide valuable customer feedback early in the development process. 
This is in contrast to the current situation where the information is only available after the PCP 
of the second or third product generation. This makes it possible to use the model in the 
development process of current and next product generations. 

As mentioned earlier current trends in the consumer electronics industry implicate a stronger 
focus on customer satisfaction combined with a stronger pressure on time-to-market [Gra0l]. 
Customers demand increasing product quality and reliability, and also increasing product 
functionality. Current methods for evaluation and prediction of product reliability are lacking 
the user perspective, while the stronger focus on customer satisfaction implies that the user 
perspective should be put forward [Oud06]. Failure prioritization possibilities, especially from a 
user perspective, are often absent [Oud06]. Field failure information gathered at service centers 
could be used to perform failure prioritization for next generation product improvements. 
However the existing reliability feedback information systems do not cover those non-technical 
complaints [Oud06]. Failure prioritization in product development processes is currently 
performed based on simple failure impact models and on the biased intuition of developers on 
user impact in current product development processes [Vis06]. 
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A failure prioritization model from a user perspective could support reliability optimization 
early in the development process of consumer electronics products. It could be used before 
market introduction and after market introduction for future product generations to optimally 
design the product and solve the most important failures. By using this model, developers can 
focus on what customers perceive as important failures. By regularly updating this information, 
possible changes in customer opinions and the market as a whole can be tracked. This 
information can be used to assess the current PCP and look for possible improvements 
regarding the quality and reliability of products. The trends described above are the basis for a 
PhD research, which aim is the development of a failure prioritization model. This would model 
the User Perceived Failure Severity (UPFS). The UPFS is presumably influenced by a number 
of failure characteristics and user characteristics. The initial research model is presented in the 
figure below. 

Failure 
Characteristics 

User Perceived 
Failure Severity 

Figure 1.4: User Perceived Failure Severity research model [Vis06] 

This model presents the three variables: 
• User Perceived Failure Severity: the level of user-irritation caused by a product failure. 
• Failure Characteristics: the attributes of a failure that (possibly) influence the UPFS. 
• User Characteristics: the attributes of a user (group) that (possibly) influence the UPFS. 

This model indicates that UPFS is presumably influenced by failure characteristics, user 
characteristics and the interaction of these two types of characteristics. The PhD research 
carried out by de Visser concentrates on the influence of failure characteristics on UPFS. The 
interaction between user characteristics and failure characteristics is investigated by Rick 
Bergmans [Ber07], another Master student of Industrial Engineering and Management Science. 
The next chapter describes the research assignment for this Master thesis following from the 
research model presented above. 
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2. Research assignment 

The failure prioritization model, put forward in the previous chapter, would model the User 
Perceived Failure Severity (UPFS). The development of the model is the goal of a PhD project, 
conducted at the sub department Quality and Reliability Engineering at the Eindhoven 
University of Technology. The UPFS is presumably influenced by a number of failure 
characteristics and user characteristics. The identification of failure characteristics that might 
influence the UPFS is based on literature from different scientific fields and on group 
discussions with people from the industry [Vis06]. 

Table 2.1: Relevant failure characteristics for the UPFS model [Vis06] 

Failure characteristic Definition 
Failure frequency Number of failures per time unit under standardized use conditions 
Failure impact The percentage loss of functionality as a result of the failure 
Failure reproducibility The degree of repeatability of a failure for a user 
Failure solvability The required effort a user should take after failure occurrence to 

return to normal functioning of the product 
Function importance The relative importance of the function affected by the failure 
Failure work around The degree in which the failure occurrence can be evaded by the 

user by operating the product differently 
Failure time in use process Indicates when the failure occurs in the total use-life of the product 

(e.g. during unpacking, installation, first use etc.) 

Complete validation of the hypothetical model, including all the failure characteristics presented 
in the table above, is not feasible within one PhD project. Therefore, a selection of two 
hypothetical variables is made by de Visser. This selection of the independent failure 
characteristics is based on the following criteria: 

Estimated importance of the failure characteristic's relation with UPFS indicated by the 
participants of the group discussion 
Practical feasibility: how easy can this failure characteristic be assessed in order to use 
it for failure prioritization in practice 
Estimated ease of manipulation of the characteristic in an experimental design. 

There are two failure characteristics that score high on all three selection criteria and these are 
therefore considered good independent variables for the research. These characteristics are 
failure impact and function importance and these are selected to model UPFS in the PhD 
research of de Visser. 

Function Importance (FI) is defined here as the relative importance of a function. 
Failure impact is the percentage loss of functionality as a result of the failure. 

User characteristics are not part of the PhD research and therefore have to be kept as constant as 
possible. 

The research described in this thesis will focus on one of these failure characteristics: Function 
Importance. Relating FI to failure importance in a prioritization model could support reliability 
optimization in the development process in current and future product generations. The model 
can be used to optimally design the product and solve the most important failures, which are 
prioritized based on FL 

The goal of this thesis is to measure FI and relate this to the UPFS model. UPFS is the 
dependent variable in this research; FI is the independent variable. The other variables that 
might have an influence on the UPFS are extraneous variables. These variables are uncontrolled 
factors that might influence the behavior being studied, but are not of interest to the researcher 
[Goo05]. 

Bas Gielen 7 



TU/ 
technische universiteit eindhoven e The influence of Function Importance on User Perceived Failure Severity 

The extraneous variables in this research are: 
- All other identified failure characteristics that might influence the UPFS [Vis06]. 
- User characteristics. 

These variables should be adequately controlled; otherwise the behavior being measured might 
be influenced in some systematic way [Goo05]. The other identified failure characteristics, 
besides FI and Failure impact, which might influence UPFS were presented in table 2.1. By 
keeping these characteristics constant during the experiments, the influence of these non
investigated failure characteristics is considered negligible [Vis06]. This leads to the research 
model for this research, presented in the figure below. The relationship between Function 
Importance and UPFS will be investigated in this research, while keeping the extraneous 
variables as constant as possible. 

UPFS 

·~ 
- Extraneous 
~ 

Variables 

Function 
Importance 

Figure 2.1: Research model 

The current trends in the consumer electronics industry, as described in chapter 1, and the 
demarcation made above, together with the goal of this research, have led to the following main 
research question: 

I To what extent does Function Importance influence User Perceived Failure Severity? 

To guide the way to an answer to the main research question, several sub-questions have been 
formulated. These sub-questions and their relevance are described below. 

• What is a function in the eyes of the customers and the context of this research? 
First, a clear definition of a function has to be formulated to know exactly what will be 
measured. Since the current business trends implicate more attention for user satisfaction with 
consumer electronics products, the focus of the research is on FI from a user perspective. 
Therefore, it is important to define what a function is in the eyes of (potential) customers, and to 
relate this to the context of this research. 

• What is Junction importance? 
FI will be measured in this research in the context of the UPFS model, and the influence of FI 
on UPFS will be examined. Therefore it is important to formulate a clear definition of FI. 

• What is the expected influence of function importance on UP FS? 
Before answering the main research question, first a hypothesis will be formulated about the 
expected influence of FI on UPFS. 

• How to measure function importance in the context of the UPFS model? 
There are many methods from marketing literature related to determining FI as a factor of 
buying intention. This research will focus on determining FI in the context of the UPFS model. 
Therefore, the methods to measure FI that are developed from a marketing perspective will have 
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to be reviewed in the context of this research and the method that is considered most suitable 
will be selected. 

• How does .function importance relate to UP FS? 
After measuring FI in a customer survey, the results of the measurements have to be analyzed. 
A consumer experiment will be set-up to explore the relationship between FI and UPFS. The 
type of consumer electronics product that will be used in the experiments is an LCD-TV. In the 
experiment, participants will be experiencing failure of a function with high perceived 
importance or failure of a function with low perceived importance. Their level of irritation will 
be measured and the influence of FI on UPFS will be determined. The analysis of the 
relationship between FI and UPFS is essential to be able to answer the main research question. 
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3. Theoretical Framework 

The previous chapter presented the research assignment for this thesis and explained the 
research sub questions that will guide a way to an answer on the main research question. This 
chapter presents theory that will be used in this research as a framework in the search for an 
answer to the sub questions presented in the previous chapter. First, a definition of a function 
will be presented, followed by a definition of function importance. Then, literature describing 
consumer attitude and behavior and the relationship of consumer attitude and behavior with 
function importance will be described. Finally, a hypothesis regarding the main research 
question will be formulated. 

3.1 Functions 

To be able to determine the importance of the different functions of an LCD-TV, it has to be 
made clear what a function is in the context of this research. This led to the formulation of the 
first sub question: What is a function in the eyes of the customers and the context of this 
research? A function will be defined here as: "the whole of technical attributes, that in the eyes 
of the user is required to execute one task, that can Jail resulting in partial un-playability of the 
task". 

There are certain criteria, which result from this definition and the context of the research, 
which have to be fulfilled before something can be denoted a function. These criteria are: 

A function is considered as a whole of technical attributes that, in the eyes of the user, 
is required to execute one task. 
This research focuses on failures in the functions; therefore it is necessary that a failure 
can occur in the function, which causes (partial) un-playability of the task. 
Because the research focuses on a classification of the various functions, not only the 
most important, well-known or eye-catching functions have to be considered, but all 
things that are classified as a function, as described above. 

An attribute is seen here as a property of a product that, together with other attributes, is needed 
to execute a task. A feature is defined as a characteristic of a product, something the product has 
or is able to do. 

3.2 Function Importance 

This research focuses on FI in the context of the UPFS model, and FI will be measured as one 
of the failure characteristics that is presumed to influence the UPFS. Therefore, the second sub 
question, formulated in the previous chapter, was: What is function importance? Function 
importance is defined here as: "the relative importance of a junction, in proportion to the other 
functions of a product". 

Now that FI is defined, first a closer look will be taken at literature describing consumer attitude 
and behavior, and how this relates to the importance of features . Subsequently, the two phases 
in which FI can be determined are explained. 

3.2.1 Consumers' evaluation 

According to Myers and Alpert [Mye68] there are at least two 'levels' of evaluation by 
consumers for every product or brand. 
1. Overall attitude toward the item, in terms of its suitability or desirability. 
2. Attitudes toward each of the item's component features or characteristics. 
These latter types of attitudes can be used to determine what the important features or 
characteristics are and how they combine to affect both the overall evaluation of an item and the 
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actual purchasing decision. Myers and Alpert [Mye68] use "feature determinance" or "attribute 
determinance" to indicate function or attribute importance. The attitudes toward the various 
features combine into the overall evaluation or attitude. 

There are three key-terms that are used in attitude research to determine the preference for the 
different attributes of products and overall ratings. These three terms are: salience, importance 
and determinance. To make proper use of these terms they have to be clearly defined. Myers 
and Alpert [Mye77] have proposed a glossary to make clear, distinct definitions of these three 
terms when used in attitude research. Salience has to do with being top of mind (mentioned 
first) when consumers are asked to elicit features that are considered important. 
Important features are presumed to have some consequence or significance in making choices 
among products and brands, or in overall evaluations or rankings of products. 
In earlier research Myers and Alpert [Mye68] already stated, "Attitudes toward features, which 
are most closely related to preference or to actual purchase decisions are said to be determinant, 
the remaining features or attitudes - no matter how favorable - are not determinant." 

Studies into the relationship between importance and saliency show a generally positive 
correlation [Kre48]. A study conducted by Van Harreveld et al. [Har00] shows that when 
measuring attribute importance, measures based on individually selected important attributes 
correlate significantly higher than measures based on less important attributes. Apparently, 
people rely on a limited number of important attributes, which are more accessible in memory, 
hence, are more salient. 
However, there are numerous situations in which salient features would not be important, and 
vice versa [Kre48]. The reasons cited are, among others, repression of anti-social attitudes and 
the attributes for which there is no real difference among brands and products and are therefore 
taken for granted by the consumers. 
According to Myers and Alpert [Mye77] this latter notion suggests a distinction between 
'important' and 'determinant' attributes. A feature that is considered important, but non-salient, 
because they are taken for granted by the consumer, will not determine brand-choice, since that 
feature is supposed to have equal and satisfactory levels among brands. 

A function that is ranked high in importance by consumers but is not considered to differ widely 
among products and/or brands is not a determinant attitude or feature in the actual purchase 
[Mye68]. For instance, when consumers are asked to evaluate cars or airlines, safety is often 
ranked first in importance. However consumers do not think of safety as an attribute that differs 
widely among different cars or airlines. Instead other, less important, attributes will determine 
overall attitude or brand choice. Functions for which the differences are greater between 
products and/or brands are the values that differentiate one offering from another, and these are 
the ones that sell a product. 

3.2.2 Importance to buy- Importance to use 

There are two distinct phases in which FI can be determined. The first is before buying the 
product, the decision making phase; the second is after buying the product, the usage phase. In 
the first phase the emphasis is on what a consumer perceives as important and what drives the 
decision-making process; the importance to buy. In the second phase the emphasis is on the 
actual use of the product and what the consumer experiences as being important features; the 
importance to use. The functions that are considered important by consumers may differ in 
these two phases. A consumer might buy a product because it has a certain feature, but when the 
consumer is actually using the product, it may be that this certain feature is used just rarely or 
not at all. In this report, the importance to buy is applied because of the following two reasons: 
First, the large majority of all measurement methods described in literature is developed to 
measure pre-sale importance from a marketing viewpoint. Accordingly, all measurement 
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methods that will be evaluated in this thesis are developed to measure pre-sale importance. 
Therefore, the measures will generate reliable results when used in a pre-sale context, but the 
results will be of unknown reliability when the measures are used in an after-sale context. 
Second, this report focuses on the FI in the context of UPFS, to ultimately prioritize failures 
from a user perspective. The UPFS method will be used to measure the level of user-irritation, 
caused by a product failure, after-sales. Because the FI results that are generated by the used 
method will be related to the (after-sales) UPFS model, a measure that is not interrelated with 
the UPFS measure is preferred. Functions that fail during use naturally become more important 
because of their immediacy [Oli97]. The FI measure should therefore be a construct on its own, 
without any bias from the UPFS model. This would be harder to realize if the used method 
would measure FI after-sales. 

3.3 Hypothesis 

This paragraph will discuss the expected influence of FI on User Perceived Failure Severity, 
and will therefore answer the third research sub question: what is the expected irifluence of 
function importance on UP FS? When a failure occurs in a function the product loses 
functionality and usefulness, which leads to dissatisfaction of the user, especially with consumer 
electronics products [Dem05]. Therefore, the following research hypothesis is formulated: It is 
expected that increasing the importance of a function in which a failure occurs, will increase the 
UPFS significantly. Meaning that if a failure occurs in a function that is considered to be very 
important by customers, the UPFS will be significantly higher than when a failure occurs in a 
function that is considered less important by customers. 
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4. Function importance measurement 

The previous chapter treated the theory behind FI and presented a hypothesis regarding an 
answer on the main research question. This chapter deals with the measurement of FI. An 
answer will be provided to the fourth research sub question: How to measure Function 
Importance in the context of the UPFS model? First, the different methods to measure FI will be 
discussed and evaluated according to several dimensions for comparison. Subsequently, the 
selected method is optimized for application in this research. 

4.1 Measurement methods 

Several techniques for identifying important functions can be found in literature. In this section 
some of those will be evaluated and discussed. First, several dimensions are described, which 
are considered important to draw a comparison between the measurement methods . These 
dimensions will be related to the focus of this thesis. Then, the different methods to measure FI 
will be discussed and subsequently evaluated according to these dimensions. 

4.1.1 Dimensions of comparison 

In this section the important dimensions for comparison between the different methods are 
described. One elicitation technique would outperform another if, all else being equal, it 
produces attribute sets with a higher predictive ability [Bre03]. In the respect of this report, a 
desirable property of an elicitation technique would be its ability to elicit determinant functions. 
Thus it is important that a technique is able to elicit both important attributes, from an 
importance to buy viewpoint, and attributes that differ across alternatives. Also, the amount of 
information obtained is an important dimension. This means not only the number of important 
attributes that are identified but also the level of discrimination across attributes within 
alternatives [Bre03]. Higher levels of discrimination within alternatives suggest that different 
types of information are obtained and not just small variations of the same dimension. 
Lines et al. [Lin95] list several dimensions that are relevant to compare different techniques. 
These are grouped in two broad categories: ( 1) dimensions describing interesting aspects of the 
attributes elicited and (2) dimensions related to the elicitation procedure itself. Furthermore, 
there is one dimension that is important in the context of this report, namely the applicability of 
the method in the context of this research; meaning that the method should be easy to apply 
when carrying out the research . Also, different aspects of validity are important when 
evaluating the different methods. 

Attribute related dimensions 

The dimensions that are considered important to compare the different techniques [Lin95], 
[Bre03], [Bec99] in the first category are described below. Since the objective of the studies 
[Lin95], [Bre03] is to identify attributes as criteria in an evaluative or choice task, the 
dimensions can be related to this report. The focus of this Master thesis will be on the 
measurement of Fl in a consumer electronic product. Predicting overall evaluation and choice 
probability of customers, regarding the different functions of a product, is comparable to the 
goal of the Master thesis. 

• Number of attributes - The limited cognitive capacity of the brain implies that only a 
few (5-7) attributes can be simultaneously processed at a conscious level [Bec99] . It 
must be expected that a respondent's ability to distinguish between product performance 
is larger when information is processed consciously, and this is more likely to happen if 
the respondent considers only a few attributes when choosing between products. Also, 
if more attributes are elicited it is more likely that the number of irrelevant or redundant 
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attributes becomes larger, which will lower the predictive properties of the models 
[Lin95], but if too few attributes are elicited it is more likely that important attributes 
are omitted. 

• Attribute variability - This is the degree to which products, from the same product 
category, are perceived to differ with regard to their level on an attribute. Consumers' 
preference levels (determining choice) for different alternatives are dependent on both 
importance of an attribute and on perceived difference between alternatives. Especially 
in the highly innovative consumer electronics industry, with much newly introduced 
product features and categories, attribute variability is likely to be larger [Lin95]. 
Methods that are better able to show this variability are preferred in the context of this 
report. 

• Within alternative variance - This measures the score variance across attributes within 
one alternative. This is of special interest when trying to classify the different functions 
on perceived importance. If the elicitation procedure followed does not tap into more 
than one part of the product domain, within alternative variance will be low, and the 
method will not be very useful [Lin95]. 

• Predictive ability - This is strongly influenced by the attribute related dimensions 
discussed above. For instance, if a technique is able to show high attribute variability, 
this means that a method is capable to discriminate between alternatives, and high 
predictive ability will result. Methods with high predictive ability are therefore 
preferred over methods with lower predictive ability. 

The dimension 'importance of attributes', which is considered important to compare the different 
techniques [Lin95], [Bre03], [Bec99], is excluded from this review because it is irrelevant in the 
light of this report. This research focuses on classifying functions on perceived importance, 
while this dimension focuses on the ability of a method to (only) elicit attributes with high 
importance. 

Procedural Dimensions 

The dimensions in the second category deal with the procedure itself and are important for the 
degree of cooperation of the respondents [Lin95]. 

• Average time spent - respondents usually do not want to spend a lot of time for the 
interview. Therefore, the method should not take too much of the respondents time. 
Since the experiment to measure FI will be conducted on a large sample, the average 
time spent by a respondent should also be low for practical feasibility of the 
experiment. Hence, this is a very important dimension with regard to the objective of 
this report. 

• Level of frustration and confusion - if the method is not totally clear to the respondent, 
or if the respondent just does not like the method he must use, this leads to frustration 
and confusion for the respondent and this may lead to disruption of the results. 

Important dimension in the context of this report 

Furthermore there is one dimension that does not fall in both the attribute related dimensions 
and the procedural dimensions. This dimension is probably the hardest to measure explicitly, 
however it is the most important one in the context of this report. 
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• Applicability in the context of this report - is the method applicable in the context of 
this report? The method should identify important and less or un-important functions of 
one product group (in this case TV's). The method does not need to identify differences 
in functions between alternatives (different types of TV's). It should preferably be 
possible to quantify the data obtained with the method, for easy processing of the 
results. 

Construct Validity 

The construct validity of a measurement refers to the degree to which a measure assesses the 
construct that it is purported to measure [Ptr81]. For further exploration of construct validity a 
useful distinction is made between trait and nomological validity. A measure of a construct 
must demonstrate both trait and nomological validity before it can be accepted as construct 
valid. Investigating a measure's trait validity implies primarily, an effort to investigate a 
measure's reliability, convergent validity and discriminant validity. This relation has been 
visualized in the figure below. 

Reliability 

Construct Validity 

~ 
Trait Validity 

Convergent 
Validity 

Nomological Validity 

Discriminant 
Validity 

Figure 4.1: Visualization of the Validity concept 

The following definitions of the various terms are used [Ptr8 l]. 
• Reliability can be defined conceptually as the correlation between a measure and itself. 

A measurement method is reliable if the method generates stable and consistent results 
when repeated over time (under stable conditions). An internal consistency estimate of 
reliability is calculated by correlating parts of a multi-item scale with other parts to 
obtain a very close approximation of the correlation of a measure with itself. 

• Convergent validity refers to the degree in which different measures, which 
theoretically should be similar, are in fact, positively correlated. So, a high correlation 
between responses obtained by significantly different methods of measuring the same 
construct means that the method is convergently valid. 

• Discriminant validity refers to the degree in which different measures that theoretically 
should not be similar (divergent from each other), are in fact, discriminant. It is 
determined by demonstrating that a measure does not correlate very highly with another 
measure from which it should differ. 

• Nomological validity refers to the degree in which different measurements are related to 
each other in a theoretically meaningful way (predictive accuracy). It is used to refer to 
an observed relationship between measures purported to assess different (but 
conceptually related) constructs. 

4.1.2 Description of methods 

The previous section described the important response dimensions that will be used to evaluate 
the measurement methods. In this section, the most common methods used to elicit and identify 
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determinant attributes are described. These methods are selected from marketing studies 
[Bec99], [Lin95], [Jac86], [Hee79], and [Bre03]. In the various studies, methods are described 
that are measuring importance in (almost) the same way, but they are named differently in the 
various studies. Here, these methods are summarized as one term. The methods taken into 
consideration in this report are described below. 

• Triadic Sorting using Kelly's repertory grid (TS) - This procedure starts by the 
respondent being shown triple combinations of the product concerned. For each triple 
combination the respondent is repeatedly asked for an important attribute on which two 
products are alike and at the same time different from the third. This technique is 
developed with the purpose of mapping cognitive structures, and the added value is that 
the respondents own terminology describes the product, as opposed to a technocrat. 

• Direct Elicitation (DE) - In principal, the respondent is asked to come up with the 
attributes most important to him/her when choosing among the assortment of products 
presented. The method can be altered by letting the respondents come up with attributes 
they consider as important and less important when a failure occurs in it. This technique 
comes closest to a "natural speech" interviewing technique. 

• Rank Ordering and Elicitation (ROE) - First the respondent is asked to rank order 
alternatives according to some choice related criterion. Normally this would be, for 
example, likelihood of buying or self stated preference level. In the line of this report it 
could be, for example, perceived quality and reliability level. Then, the respondent is 
asked to explain why alternative A is preferred to alternative B, and so on, by 
denominating the attributes that lead to their preference. The respondent is asked not to 
repeat attributes when explaining their choice. This method can be compared to 
consumer selection of product bundles in conjoint measurement, in which the objective 
of a conjoint analysis is to determine what combination of attributes the respondents 
prefer. 

• Ratings of functions on a pre-established list (RPL) - The respondent is asked to 
indicate on a scale the importance of the attribute provided in the list. This method is 
comparable to self-report techniques. This can be measured by a direct method, for 
example to rank attribute importance by allocating points of a constant sum scale to the 
various attributes, or by an indirect method, for example to let respondents give the 
opinion of 'others' or 'most people'. The difference between a direct and indirect method 
is that in the direct method people reason from their own perspective and in an indirect 
method people reason from a third person viewpoint. Using only a direct method may 
result in the respondent giving socially desirable answers [Fis93]. Because people are 
asked directly for their opinion they are more likely to give a response that would 
please the interviewer, and is not their own opinion. 

• Information Display Board (IDB) - In this method subjects choose information piece by 
piece from an attribute by brand matrix board until they have acquired enough 
information to make a product selection. If information on an attribute or function is 
chosen to be displayed, it will be displayed for all alternative products. The information 
can be requested as many times as wanted, but is only shown one piece at a time. 

4.1.3 Evaluation of methods 

In the previous section the different methods that can be used to measure FI are described. In 
this section the methods are evaluated according to the dimensions that are considered 
important, described in section 4.1.1. 
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Number of attributes (NA) 
Previous studies show that Triadic Sorting (TS) and Ratings on a Pre-established List (RPL) 
generate the largest number of concrete important attributes [Bec99], [Lin95] that would be 
used to form an overall evaluation. But, number of attributes elicited is around 5-7 for all 
methods, so this is according to the specified number [Bec99]. For the IDB method it would be 
dependent on the total number of attributes of which the information could possibly be revealed. 

Attribute variability (ATV) 
Attribute variability is highest for the techniques that are most formalized (e.g. TS, ROE) and 
lowest for the least formalized (e.g. DE) [Bec99], [Lin95], [Bre03]. For the IDB method no 
concrete figures on attribute variability were found, but the procedure of the method does not 
lead to high attribute variability. This suggests that TS and ROE are better able to show 
variability across attributes of different alternatives. 

Within alternative variance (WA V) 
Within alternative variance does not differ significantly across the methods, although Direct 
Elicitation (DE) techniques result in the lowest within alternative variance [Bre03] and is 
therefore least useful in this respect. For the IDB method also no concrete figures on within 
alternative variance were found, but indices of importance can be calculated on frequency of 
search and order of search [Jac86]. This suggests that the importance of attributes within one 
alternative can be distinguished. 

Predictive ability (PrA) 
ROE scores significantly higher on predictive ability of both overall evaluation of a product and 
intention to buy, than the rest of the methods [Lin95]. The rest of the methods all score quite 
similar on this dimension [Lin95], [Bec99]. The IDB method is expected to generate results 
close to marketplace reality [Hee79], and therefore predictive ability is expected to be about 
equal with the other methods. 

Average time spent (ATS) 
The time used by a respondent to complete the task is significantly higher for the TS, ROE and 
IDB method compared to the RPL and DE method. The time taken for TS and ROE may be 
double compared to DE [Bec99]. 

Level of frustration and confusion (LFC) 
All methods can, when explained thoroughly beforehand, be made crystal clear. Therefore the 
instructions should be carefully taken into consideration when formulating a questionnaire. The 
ROE and TS method are expected to put the highest load on the respondents, because they are 
the most complex and require more elaboration [Bec99]. 

Applicability in the context of this report (APP) 
The DE technique is not very easy to apply in this case since it principally only asks 
respondents to come up with attributes that they consider important. The method can be altered 
by letting the respondents come up with attributes they consider as important and less important 
when a failure occurs in it. But since no weight is given in the ranking of the different functions 
it is not likely that this method will generate valuable results. The RPL method is very easy to 
apply; functions of a product can quite easily be listed and by analyzing the rates given to the 
various functions a ranking of functions on importance can be constructed. The method 
identifies important as well as less important functions, and the results are quantitative which 
allows easy processing. The ROE method is quite difficult to apply to this case because this 
method focuses on differences in importance between alternatives. Furthermore, the method 
does not identify less important functions, and is therefore not easy to apply in this research. 
The TS methods' emphasis is also on discrimination between alternatives, while the emphasis in 
the context of this report is on importance ratings of functions within one product group. 
Therefore, the applicability in the context of this report will not be very high. The IDB method 
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is normally used to map consumers' information acquisition behavior. The method focuses on 
functions that are considered important when buying products, but does not identify the less 
important functions. 

Validity (V) 
This dimension is quite hard to fully explore, since no overview of information for the methods 
on all types of validity (as described in section 4.1.1) has been found. The following has been 
found regarding the methods used in this report. Among the RPL, ROE and IDB method, the 
most reliable method is RPL [Hee79]. Relatively little convergence between methods (DE, IDB, 
RPL, ROE) exists [Jac86] . Methods show moderate correlation when they share measurement 
type (e.g. rating scales, information acquisition). The correlations between these indices may be 
inflated due to shared method variance [Jac86]. 

4.1.4 Conclusions on measurement methods 

This chapter has first focused on the different response dimensions that are important to 
compare the FI measurement methods. Then the different measurement methods were described 
and subsequently evaluated. Methods are evaluated according to the response dimensions on a 
five-point scale, with - - being the lowest and ++ being the highest rating. Because the 
measurement method has to be applicable to the context of the experiment, APP is considered 
the most important dimension of comparison. ATS, for practical feasibility of the experiment, 
WAV, to achieve the goal of the experiment, and V, to generate reliable results, are considered 
more important than the other dimensions. Therefore, the dimensions are ranked high (H), 
middle (M) and low (L) on importance to come to an overall rating. A high ranking on 
importance (H) triples the score for that dimension, a middle ranking on importance (M) 
doubles the score for that dimension, and a low ranking on importance (L) keeps the score for 
that dimension. The overall rating is calculated by adding up the scores and dividing them by 13 
(=1 *(H)+3*(M)+4*(L)). An overview of the evaluation can be seen in the table below. 

Table 4.1: Overview of evaluation of methods 

::s::: APP ATS WAV V ATV PrA LFC NA Overall 
(H) (M) (M) (M) (L) (L) (L) (L) Rating 

d 

TS - -- +/- +/- ++ +/- - + -
DE - + - +/- - +/- + + +/-
ROE +/- - + +!- ++ + - + +!-
RPL ++ + + + +/- +/- + + + 
IDB - - + +/- - +!- + + +/-
++ = very good +=good +/-=fairly - = moderate -- = bad 

The method that is the easiest to apply in the context of this research is Ratings of functions on 
a Pre-established List (RPL). This method scores high on ATS, WAV and V, which are 
dimensions that are also very important in the context of this thesis. In this method respondents 
are asked to rate the various functions on importance, which is comparable to self-report 
measures. This method is easy to apply, the different functions are not hard to specify and the 
questionnaire can be quite easily designed. Furthermore, this method has no bad or moderate 
rating on any of the dimensions, and is therefore chosen for use in the FI measurement. 

4.2 Attribute weighting methods 

There are several weight elicitation methods available in literature, to determine ratings given to 
attributes in a decision task. Early research already concludes that a straightforward method 
works very well in the context of subjective preferences [Sch82]. Straightforward approaches to 
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give weights to attributes using the RPL method are, among others, Max 100, Min l 0, Direct 
Rating (DR), and Point Allocation (PA) [BotO0], [Bot0l]. 

With Maxl00, respondents are asked to assign the most important function(s) in the set with a 
rating of 100. All the other functions are then rated relatively on a scale of 0-99. With Minl0, 
respondents are asked to assign the least important function(s) with a rating of 10. All the other 
functions are then rated relatively on a scale with no upper-bound. With the DR method, 
respondents are asked to rate each function on a scale of 0-100. With the PA method 
respondents are asked to divide a tot.al of 100 points between the given functions. 

The Maxl00 method generates more internally consistent (test-retest reliable) results than DR, 
but these differences are small [BotOl]. MaxlO0 and DR are both considerably more reliable 
than PA and Minl0 [BotO0], [BotOl]. Also, the subjects preferred using both Maxl00 and DR 
compared to using PA and Minl0 [BotO0], [BotOl]. Therefore, a choice has to be made between 
Maxl00 and DR. Because differences between results generated by both methods are small, 
personal preference will determine choice. Therefore, the format that will be used for the FI 
measurement questionnaire will be a Direct Rating (DR) of the selected functions. Respondents 
will be asked to rate all the selected functions on importance on a scale from 0-100. The higher 
the given rating, the more important the function. 

This chapter has dealt with the measurement of FL An answer has been provided to the research 
sub question: How to measure function importance in the context of the UPFS model? First, 
different methods to measure FI have been discussed and evaluated according to response 
dimensions that are considered important. The method that has been chosen for application in 
this research is the Ratings of functions on a pre-established list (RPL) method. Subsequently, 
the selected method was optimized for application in this research. The next chapter deals with 
the selection and labeling of functions of an LCD TV, which will be used for the FI 
measurement. 
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5. Functions 

The previous chapter described and evaluated different methods to measure FI. The RPL 
method, with DR for weight elicitation, was selected for application in the FI measurement. 
This chapter deals with the selection of functions of a TV, to be used in the FI measurement. 
The product that will be used in the experiments is a high-end LCD TV, the Philips 
42PF9830/10, see Appendix I. All functions selected in this chapter for the FI measurement 
should be available on that TV. High-end televisions, in general, are televisions that possess the 
latest features and attributes. Examples of current high-end TV's are plasma and LCD TV's. 

A list of high-end functions has been drawn up from several sources. These sources are: 
Web sites of TV manufacturers, where specifications and features of TV's are listed. 
The 'Consumentengids', where products (e.g. TV's) are tested according to some 
specified criteria, to create an overview on performance for consumers. 
Web forums, where users of the product can post their comments and questions. 

5.1 Initial selection of functions 

The various functions and an explanation of them are listed in the table below. The functions 
are listed in bold on the left with an explanation below. The terms in bold on the right are also 
functions, but they are part of the main function on the left. It will have to be considered if these 
functions can be seen as functions on their own or parts of a main function in the test. 

Table 5.1: Overview oflnitial functions 

Functions: 

Watch desired program 
Watch the program you want on the TV, with good screen and sound quality 

Use of teletext 
Use of teletext and all features that belong to it 

Picture and Text (PaT) 
The screen is split in half to watch a program and teletext at the same time 

Use of remote control 

Use of the remote control to operate the TV, without any delay or flaws 

Use of external equipment 
DVD player 

Watch a DVD on the TV 
Video recorder 

Watch a video on the TV 

USB-stick 
Watch media from the USB-memory stick on the TV (movies/pictures) 

Digital (video) camera 
Watch pictures/movies on the TV 

Multimedia centre 
Watch or listen to media on the TV 

Game console (PlayStation, X-box) 
Play a game on the TV 
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Channel Installation 
Installation of channels to presets 

Automatic installation 
Manual installation 

Installation of favourite channels 
Installation of favourite channels for easy switching between them 

Set-up of preferences 
Set-up of audio and video preferences, and storing the adjustment to presets 

Use of Timer 
Use the timer to automatically switch the TV on or off 

Switch-on timer 
Sleep timer 

Watch 2 programs at the same time 
Watch 2 programs at the same time with Picture in Picture (PiP). TV's with two tuners can 
receive two signals; therefore it is possible to watch 2 programs at the same time. One program 
in a main window and the other program in a smaller window in the comer of the screen. 
Lock Channels (child lock) 
Put a child lock on adult related channels. A code has to be given before the channel can be 
watched. 

Use on screen TV guide 
Use the Electronic program guide on the TV-screen to see what programs are on. 

Zapping 
Zap from one channel to another, using the remote control or local keys 

Turn on TV-set 
Tum on the TV-set from an Off or Stand-by status 

Turn off TV-set 
Tum the TV-set off or on stand-by 

Oft 
The TV set is totally turned off and does not use any power 

Stand-by 
The TV is turned stand-by and still uses some power, this allows faster activation of the TV 

Zoom in (Digital zoom) 
Zoom in on a part of the screen while watching a program 

Freeze image 
Freeze the image when watching television . The program and sound continue while the image 
on screen freezes. 

Mute 
The sound coming out of the TV speakers is muted 

Listen to FM-radio 
Listen to audio-only digital sub-channels, through the TV speakers 
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Not every function mentioned in the list above is useful for measurement of FI in the context of 
this research. There are some criteria that are used to select those functions that are considered 
useful. These criteria are: 

It must be possible to cause an actual failure of the function in an experiment. 
The TV that will be used in the experiment must possess the function. 
The function must be a function on its own, and not part of another function used in the 
test. 

In the next section these criteria will be used to draw up the final list of functions. 

5.2 Definitive list off unctions 

Now that these criteria have been formulated, the final list of functions can be drawn up. 
Several functions from the initial list will be removed. Explanations for the removals will be 
given below. 

All functions that are part of 'use of external equipment' (e.g. watching a DVD or watching a 
slideshow of pictures from a digital camera) will be excluded from this research, because it 
involves using not only the TV but also other products. Failures can happen in the external 
equipment or in the interaction between the TV and the external equipment. The interaction 
between the TV and external equipment results in uncontrollability of the environment, when 
used in an experiment. The function 'turn on the TV' will be removed because of two reasons. 
First, users will probably not see this as a function on its own, because it is part of other 
functions like, e.g. watch the desired program. Second, if this function fails, all other functions 
will fail as well and therefore it will not be used in the experiment. The functions 'listen to FM 
radio' , 'zoom in', 'use of on-screen TV-guide' and 'freeze image' will be excluded from the 
research because the TV that will be used in the test does not possess this function. The function 
'installation of favorite channels' will also be excluded because this can be seen as part of the 
function 'manual channel installation'. The function 'use of remote control' can be seen as part 
of a number of other functions. Functions 'like set-up of preferences', 'manual channel 
installation' and 'use of teletext' all require 'use of remote control'. Therefore this function is 
removed from the list. 'Zapping' is seen as a part of the function 'watch the desired program', 
because it is required to watch the program you want, and is therefore excluded from the list of 
functions. Since the TV used in the experiment always uses some power and cannot be totally 
turned off, only when the power plug is pulled out, the function 'turn off the TV' is removed 
from the list. Also, all modem TV's have a stand-by mode, and it seems peculiar to measure FI 
for that function. 

Several functions have been added to the list after examining the instruction manual of the TV 
that will be used in the experiment. These functions are: 'Use of the motorized swivel', 'Change 
the picture format' and 'Previous program'. 

After excluding several of the initial functions and obtaining a few new functions from the 
instruction manual of the used TV, the following list of functions remains. In the list the 
different functions, their explanation, and the attributes that are needed to perform the function 
can be seen. 
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Table 5.2: Definitive list of functions 

Functions Explanation Attributes 
1. Watch desired Choose the program you want and watch it on the TV, Screen 
program without flaws in image or sound. Sound 

Remote control 
2. Use of teletext Use of teletext and all features that belong to it. PaT (Picture-and-Text) 

Page memory 
Remote control 

3. Automatic Automatic installation of channels to presets, without TV-tuner 
channel installation consideration of the preferences of the user. On screen menu 

Remote control 
4. Manual channel Manual installation of channels to presets that are TV-tuner 
installation preferred and selected by the user. Remote control 
5. Set-up of Set-up of image, audio and feature preferences, and On screen menu 
preferences storing the adjusted preferences to presets. Remote control 
6. Switch on timer Use the timer to switch on the TV at a pre-specified Timer 

time. Remote control 
(On screen menu) 

7. Sleep timer Use the timer to switch off the TV after a pre-specified Timer 
time. Remote control 

(On screen menu) 
8. Watch two Watch 2 programs at the same time with Picture in Double TV-tuner 
programs at the Picture (PiP). TV's with two tuners can receive two PiP 
same time signals; therefore it is possible to watch 2 programs at Remote control 

the same time. One program in a main window and the 
other program in a smaller window in the corner of the 
screen. 

9. Lock channels Put a child lock on adult related channels. A code has to Child lock 
be entered to unlock the channel and watch it. Remote control 

10. Mute Mute the sound of the TV Remote control 
11. Change picture Select the desired picture format. The different formats Remote control 
format are: Auto format, Super zoom, 4:3, 14:9, 16:9, Subtitle 

zoom, Wide screen. 
12. Previous To switch between the currently viewed and the Remote control 
program previously viewed TV channel 
13. Use of the Use the motorised swivel to turn the screen between + Remote control 
motorised swivel and- 30 degrees, to optimize the viewing angle Motorised swivel 

In this chapter an initial list of functions of a TV has been drawn up from several sources. The 
functions in this initial list have been checked on conformance with the criteria, which denote a 
useful function in the context of this research, mentioned earlier. This resulted in the definitive 
list of functions shown in the table above. Now that this definitive list of functions of a TV has 
been formulated, a questionnaire can be drawn up in which the respondent is asked to rate the 
different functions on importance. The development of the questionnaire will be explained in 
the next chapter. 
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6. Function importance survey 

In the previous chapter, a list of functions of a TV has been formulated. This chapter deals with 
the FI survey. A questionnaire will be developed to measure the importance of the different 
functions of a TV, to ultimately link this importance to UPFS. First, the objective of the 
questionnaire is explained, after which the sample population used for the survey will be 
accounted for. Then the development of the questionnaire is clarified, and the survey method 
and analysis are explained. Subsequently, the results of the survey are demonstrated and 
analyzed. 

6.1 Objective of the survey 

The main objective of the survey is to get a ranking on importance of the different functions of a 
TV. This ranking will be used to investigate the influence of FI on UPFS in a consumer 
experiment. In the experiment it will be explored if failure of a function with high perceived 
importance results in higher UPFS than failure of a function with low perceived importance. 
Furthermore, the survey will be used to investigate if people who own a certain function rate 
that function different from people who do not own that function. The questionnaire will also be 
used to make a selection of respondents that are suitable to participate in the consumer 
experiment. 

6.2 Sample population 

The group of respondents that will be asked to fill in the questionnaire are students. User 
characteristics are not part of this research regarding the UPFS model, however they are 
extraneous variables. Therefore, it is important to eliminate possible variation in the results, 
caused by discrepancies between respondents, by using a homogenous sample in the survey. 
Students are generally considered to be a sound, homogenous respondent group in consumer 
research [PtsOl], and will therefore be used in the survey. 
Respondents will be selected using a convenience sample of students from the Eindhoven 
University of Technology. No distinction will be made between students from different faculties 
or educational programs. Also, no distinction will be made between Bachelor and Master 
Students. Students will be picked out at random at the Auditorium of the Eindhoven University 
of Technology and they will be asked to fill in the questionnaire. In the questionnaire, the 
respondents are also asked to participate in a consumer experiment, in which test-persons will 
be observed when failures are provoked on an LCD-TV. Exchange students will not be asked to 
fill in the questionnaire or participate in the experiment, since their frame of reference regarding 
televisions might be different from Dutch students and this might influence the homogeneity of 
the sample. Also, results from the consumer experiment might be harder to analyze when 
exchange students are used. Reasons for this could be that the way of reacting of exchange 
students might be different from Dutch students because of cultural differences. 

6.3 Design oftl,e questionnaire 

This paragraph deals with the development of the FI questionnaire. The questionnaire consists 
of three parts; the first part is the FI measurement. The second part consist of some general 
questions about the respondent and the kind of TV he/she possesses, followed by PANAS-X in 
the last part. The purpose of the three parts will be described below. 

Function Importance 
The importance of the functions will be measured by means of the method selected in section 
4.1.4. The selected method to measure FI is the rating of functions on a pre-established list. This 
list was formulated in the previous chapter (section 5.2). The respondents will be asked to rate 
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the functions on a scale from 0-100 according to how important that function would be in their 
purchasing decision. The scores do not need to sum to l 00, so the first function can be given a 
rating of 80 and the second function can be given a rating of 50. A high score means that the 
function is important. The objective of this part is to make a ranking on relative importance of 
the different functions of a high-end LCD-TV. 

General Questions 
Obviously, the importance rating given to the different functions by the respondents is the most 
important information obtained in the context of the research. Since user characteristics are not 
part of this research, specific information about the respondents is not required for hypothesis 
testing. However, user characteristics are part of the extraneous variables of this research and 
should be held as constant as possible. As mentioned before, a homogenous group of 
respondents, namely students, is used to minimize variability. To get a better view on the group 
of respondents some general questions are asked. Respondents are asked their age, their sex, if 
they are a student and at which faculty. These questions are asked for a general overview on the 
respondents and to filter out any non-students. The respondents are also asked for the price of 
the most expensive TV in their household, the age of that TV and which functions that TV 
possesses. These questions are asked to get an impression of the kind of TV the respondents are 
familiar with and to check if people who own a TV that possesses a certain function rate that 
function different from people who own a TV that does not possess that function. 

PANAS-X 
The questionnaire also contains a self-rated affect test, called PANAS-X. PANAS-X is an 
expanded version of the PANAS, the Positive and Negative Affect Schedule [Wat94]. PANAS
X is used to get an understanding of the general emotional states of the respondents. It measures 
11 specific affects: Fear, Sadness, Guilt, Hostility, Shyness, Fatigue, Surprise, Joviality, Self
Assurance, Attentiveness, and Serenity [Wat94]. The schedule consists of 60 words and phrases 
that describe different feelings and emotions. Respondents are asked to indicate to what extent 
they generally feel this way. The scale to record the answers goes from 'very slightly or not at 
all' to 'extremely' . All respondents will be asked to fill in the 60-item schedule. 

PANAS-X is included in the questionnaire to get an overall view on the 'irritableness of the 
participants'. This will be used in the selection of participants for the consumer experiment. In 
the consumer experiment, participants will be watched when failures are occurring in an LCD
TV. The reactions of the participants to these failures and their level of irritation will be 
monitored. 'Irritableness of the participants' is one of the extraneous variables in the experiment. 
Therefore, it is desired, to exclude any participants from the experiment that get irritated too fast 
or not get irritated at all. Especially the Basic Negative Emotion Scales, consisting of the affects 
Fear, Hostility, Guilt and Sadness, are of interest because these influence the level of irritation 
of a user. It is impossible to make a judgment on the relationship between FI and UPFS when 
participants with an extreme score on the Basic Negative Effect Scales are used, because these 
persons will get irritated much faster than the average person or will not get irritated at all. 

The research described in this report contributes to the PhD research described in chapter 2. To 
achieve the overall aim of the PhD research, Rick Bergmans, another Master student of 
Industrial Engineering and Management Science, also contributes to this research and the PhD 
research. The analysis of PANAS-X, for the selection of participants and the irritation 
measurement in the experiment by means of PANAS-X, is done by Bergmans [Ber07]. 

Lastly, the respondents are asked for their willingness to participate in the consumer 
experiment, and to provide some personal information. Also, an appendix is attached to the 
questionnaire to visualize the functions that might be unknown to some respondents. Since the 
questionnaire will be only distributed among Dutch students, it is formulated in Dutch for 
convenience of the respondents. A pilot study will be performed to check the questionnaire on 
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bugs and illegibility. The design, execution and results of the pilot study will be described in 
section 6.5 .1. 

6.4 Method of analysis 

The objective of the survey is to make a ranking of the different functions of a TV on 
importance, as well as investigating if people who own a TV that possesses certain functions 
rate those functions different from people who own a TV that does not possess those functions. 

The data obtained in the survey is analyzed using statistical software. The Kolmogorov
Smimov test will be used to analyze if the observed distribution of FI ratings corresponds with a 
normal distribution. If the data corresponds with a normal distribution, a ranking of functions on 
importance can be produced on the basis of average ratings and standard deviations. If the data 
does not correspond with a normal distribution, a non-parametric test, the Friedman test, has to 
be used to form an overall ranking on FI. 

Furthermore, to check whether people who own a TV that possesses a certain function rate this 
function different from people who own a TV that does not possess that certain function, it is 
required that the data is split in ' in possession' and 'not in possession' for every function. If the 
data corresponds with a normal distribution a student's t-test can be used to check if the ratings 
for 'possession' and 'no possession' are significantly different. Otherwise the Mann-Whitney 
test has to be used to check on differences in the mean score for a function. 

6.5 Pilot survey results 

A pilot study was performed to check the questionnaire on bugs and illegibility. The 
questionnaire was distributed among five people of the Quality and Reliability Engineering 
department at the Eindhoven University of Technology. They were asked to fill in the 
questionnaire and come up with any comments on the language, the design, the layout and the 
questions asked. After analyzing the results, it became clear that the scale from 0-100 was not 
effective because all test-respondents had independently filled in scores that were multiples of 
ten, meaning that all scores given were scores of the type: 100, 70 and 20. Since it was expected 
that all respondents will fill in the questionnaire in the same way, the above-mentioned led to 
the adaptation of the scale from 0-100 to 0-10. The final version of the questionnaire can be 
seen in Appendix II. 

6. 6 Function importance survey analysis 

This section presents the results from the FI measurement. A convenience sample was used to 
distribute the questionnaire, meaning that the questionnaire was distributed among students 
willing to participate at the Auditorium of the Eindhoven University of Technology. A total of 
127 questionnaires was filled in and returned. The results can be found in Appendix III. After 
analyzing the filled-in questionnaires, it was found that there were 6 non-student respondents. 
These data were excluded from the analysis, because the group of respondents should be as 
homogenous as possible. The results of the 121 remaining questionnaires were analyzed. First, 
the data was checked on normality. The Kolmogorov-Smimov test was used to determine if the 
observed distribution corresponds with a normal distribution. The analysis shows that, all but 
one scores obtained in the FI measurement have small significance values ( <0,05) and therefore 
do not correspond to a normal distribution. The only rating that corresponded to a normal 
distribution is the rating for the function 'Watch two programs at the same time' (F8) 
(significance value == 0,083), as can be seen in table 6.1. 
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T bl 6 1 0 S 1 K 1 a e ne- amp e omo s . ~orov- m1mov T est statistics 

Normal Parameters(a,b) Asymptotic 
Number of Significance (2-

Function respondents Mean Std. Deviation tailed) 

Fl 121 9,3 0,8 0,000 

F2 121 6,1 2,3 0,002 

F3 121 5,6 2,3 0,004 

F4 121 7,0 2,0 0,000 

FS 121 6,9 1,7 0,000 

F6 121 2,7 2,3 0,000 

F7 121 3,1 2,4 0,010 

FS 121 4,0 2,6 0,083 

F9 121 3,1 2,5 0,000 

FlO 121 7,1 1,9 0,000 

Ftl 121 6,3 2,2 0,002 

F12 121 6,2 2,3 0,006 

F13 121 3,9 2,6 0,046 

a. Test distribution is Normal 

Since the data do not correspond to a normal distribution, the ranking of functions on 
importance cannot be produced by using the average rating and standard deviation. Instead, the 
Friedman test has to be used to produce a ranking of functions on importance. Also, the 
student's t-test cannot be used to determine if the ratings for 'function in possession' and 
'function not in possession' differ significantly in distribution. Instead, the Mann-Whitney test 
needs to be used to determine this. 

6. 6.1 Ranking of functions on importance 

The ranking of functions on importance was made by conducting a Friedman test. This test is 
designed to determine if scores change significantly across alternatives. In this case, if FI ratings 
change significantly between functions. Mean ranks are calculated for every function and listed 
in a table; the results can be seen below. 

bl 6 Ta e .2:R ank" mgo ffu nct1ons b d ase . dm on Fne an test compare d to ran kb d ase on average ratmg 
Rank based on Mean 
Friedman test Function rank 

1. F 1: Watch the desired program 12,38 

2. FlO: Mute 9,21 

3. F4: Manual channel installation 8,98 

4. F5: Set-up of preferences 8,69 

5. F2: Teletext 7,92 

6. F12: Previous channel 7,88 

7. Fl I: Change of picture format 7,86 

8. F3: Automatic channei installation 7,31 

9. F8: Watch two programs at the same time (PiP) 4,86 

10. F13: Motorized swivel 4,83 

11. F7: Sleep timer 3,85 

12. F9: Child lock 3,79 

13. F6: Switch on timer 3,46 

Friedman Test Statistics 
N 121 

Kendall's W 0,493 

degrees of freedom 12 

Asymp. Significance 0,000 
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The low significance value (0,000 < 0,05) indicates that at least one of the functions is rated 
significantly different from other functions. Kendall's W is a measure that indicates the 
agreement of the rankings of the different functions across respondents. Values near 1 indicate a 
high agreement, and values near O indicate little agreement across respondents. The value for 
Kendall's W is 0,493 which indicates moderate agreement between respondents on the 
importance of functions. It can be seen in table 6.2 that there are considerable differences in 
perceived importance between functions. The function 'watch the desired program' (Fl) has the 
highest mean rank; meaning that this function is considered most important by most 
respondents. A more extensive statistical analysis of these results can be found in Appendix IV. 

6. 6. 2 Difference in ratings between functions in possession and not in possession 

To check whether possession of a certain function influences the given rating for that function, 
the results were first split per function to 'in possession' and 'not in possession'. The results of 
this split can be seen in table 6.4. The column on the left represents the different functions. The 
left side of the table represents: the number of respondents in possession of the concerning 
function, the sample mean rating given by the respondents in possession of that function and the 
sample standard deviation of the rating. The right side of the table represents: the number of 
respondents not in possession of the concerning function, the sample mean rating given by the 
respondents not in possession of that function and the sample standard deviation of the rating. 
Since the data do not correspond to a normal distribution the table below cannot be used to 
make a judgement. However, it can be used for a first impression on possible differences in 
ratings for functions between people in possession and not in possession of that function. 

Table 6.3: Function importance scores split between in possession/ not in possession 

'In Standard 'Not in Standard 
No.'in possession' deviation 'in No. 'not in possession' deviation 'not in 

Function possession' ratine: possession' possession' ratine: possession' 

Fl 121 9,3 0,8 0 

Fl 118 6, 1 2,3 3 5,7 2,5 

F3 97 5,7 2,3 24 5,3 2,2 

F4 111 7,1 2,0 10 6,9 1,4 

FS 110 7,0 1,6 11 5,7 2,3 

F6 27 3,3 2,4 94 2,6 2,2 

F7 58 3,3 2,6 63 3,0 2, 1 

F8 22 3,9 2,9 99 4,0 2,5 

F9 40 2,5 2,1 81 3,4 2,6 

FlO 111 7,1 1,9 10 7,2 1,9 

Fll 82 6,5 2,0 39 5,8 2,5 

F12 65 6,9 2,2 56 5,4 2,3 

F13 1 1,0 120 3,9 2,6 

It can be seen in Table 6.3 above that there are some differences in rating between respondents 
'in possession' and ' not in possession'. These differences are checked on significance below. 
Also it can be seen in the table above that the sample standard deviations for 'not in possession' 
are not generally higher or generally lower than the standard deviations for 'in possession' . This 
suggests that the spreading of opinions between respondents not in possession of a certain 
function and respondents in possession of a certain function does not differ substantially. 

As was already showed in Table 6.1, the survey results do not correspond to a normal 
distribution. Therefore the t-test cannot be used to check if the mean values are significantly 
different. Instead, the Mann-Whitney U test is performed to check on differences in the mean 
score for a function between people who own a TV that possesses certain functions and people 
who own a TV that does not possess those functions. The observations from both groups are 
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combined and ranked, with the average rank assigned in the case of ties. The test calculates the 
number of times that a score from group 1 (in possession rating) precedes a score from group 2 
(not in possession rating) and the number of times that a score from group 2 precedes a score 
from group 1. The Mann-Whitney U statistic is the smaller of these two numbers. The 
Wilcoxon rank sum W statistic is the rank sum of the smaller sample. Small significance values 
( <0,05) indicate that the two groups have different locations. As can be seen in the table below, 
the analysis shows that there are two functions with a significantly different mean for 
'possession' and 'no possession'. 

Table 6.4: Mann-Whitney U test statistics 

Test Statistics a) 

Mann- Asymptotic Significance (2-
Function Whitnev U Wilcoxon W tailed) 

F2 155,5 161,5 0,717 

F3 1.002,5 1.302,5 0,288 

F4 441 ,5 496,5 0,274 

FS 361,0 427,0 0 024 

F6 1.032,5 5.497,5 0,136 

F7 1.748,5 3.764,5 0,681 

F8 1.076,0 1.329,0 0,930 

F9 1.324,5 2.144,5 0,100 

FlO 526,5 581,5 0,783 

Fll 1.442,5 2.222,5 0,378 

F12 1.140,0 2.736,0 0,000 

F13 22,5 23 ,5 0,280 

a Grouping Variable : function in possession or not in oossession 

The functions 'Set-up of preferences' (F5) and 'Previous channel' (F12) have small significance 
values (<0.05), which indicates a significant difference in mean average scores between 
respondents who own the considered function and respondents who do not. These functions are 
not suitable for use in the experiment because a distinction would have to be made between 
respondents in possession and not in possession. An overview of the mean ranks and sum of 
ranks can be seen in Appendix V. 

The function 'Set-up of preferences' (F5) has a significantly higher mean score for respondents 
who possess that function compared to respondents who do not possess that function (sig. 
0,024). The mean score given by respondents with a TV that possesses that function is 7,0, 
while the mean score given by respondents with a TV that does not have that function is only 
5,7. This indicates that people might not see this function as valuable until they have experience 
with it. 

The function 'previous channel' (F12) has a significantly higher mean score for respondents 
who possess that function compared to respondents who do not possess that function ( sig. 
0,000). The mean score with possession is 6,9, while the mean score without possession is only 
5,4. This indicates that people might not feel the advantage of the function unless they have 
tried it for themselves. 

There were two functions that have three or less respondents in either the category 'in 
possession' or 'not in possession' (see table 6.3). Because of the small numbers it is difficult to 
determine a difference in rating between in possession and not in possession for these functions. 
The function 'use of the motorized swivel' (F13) was in possession of only one respondent and 
the function 'use of teletext' (F2) was not in possession of only three respondents. Therefore 
these functions cannot be compared for the two groups. 
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7. Set-up of the consumer experiment 

In the previous chapter the data obtained in the FI measurement are described and analyzed. It 
was shown that there are significant differences in perceived importance between the different 
functions. This chapter deals with the consumer experiment that will be set-up to determine to 
what extent Function Importance influences User Perceived Failure Severity. First the goal of 
the experiment will be explained, and then the design of the experiment will be clarified. The 
selection of functions to be used in the experiment, and how a failure will be caused in those 
functions, will be discussed. Subsequently, it is described how the extraneous variables that 
might influence the UPFS will be held as constant as possible. Then, the selection criteria for 
the participants are clarified and the actual set-up of the experiment is explained. 

7.1 Objective of the experiment 

The objective of the experiment is to determine the relationship between FI and UPFS. It was 
hypothesized in section 3.3 that if a failure occurs in a function that is considered very 
important by the customer the UPFS will be higher than when a failure occurs in a function that 
is considered less important by the customer. To be able to investigate this hypothesis an 
experiment is designed. In the experiment participants are asked to use particular functions of 
an LCD-TV. Failures are caused in these functions and the reaction of the users to these failures 
is monitored. It is examined if the level of irritation of users is higher when a failure occurs in a 
function that is considered important, compared to failure of a function that is considered less 
important. Therefore, two functions will be selected to investigate the relationship between FI 
and UPFS; one function with relatively high perceived importance, and one function with low 
perceived importance. 

7.2 Design of the experiment 

As described above, two functions will be selected for use in the experiment. For both functions 
a scenario has to be written in which the participant will actively use the function, and in which 
a failure will occur in the function. Every participant will receive a task list for one of the two 
functions; the participants will be equally divided among the two scenarios. In the task list the 
participant will get an assignment for which the selected function has to be used in some way, 
during which a failure will occur in that function. After the TV is reset to its initial state by one 
of the observers the participants' level of irritation will be measured using a number of 
questionnaires. The irritation measurement will be fully described in section 7.7.3. 

7.3 Choice of functions for use in the consumer experiment 

In this section the selection of functions that will be used in the consumer experiment will be 
explained. An overview of the ranking of the different functions based on the Friedman test can 
again be seen in the table below. 
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T bl 7 I Rank ffu a e . : mgo nct1ons on importance ase on ne man est b d F . d 

Rank Function Mean rank 
1. Fl: Watch the desired program 12,38 
2. FlO: Mute 9,21 
3. F4: Manual channel installation 8,98 
4. FS: Set-up of preferences 8,69 
5. F2: Teletext 7,92 
6. F12: Previous channel 7,88 
7. F 11: Change of picture format 7,86 
8. F3: Automatic channel installation 7,31 
9. F8: Watch two programs at the same time (PiP) 4,86 
10. F 13: Motorized swivel 4,83 
11. F7: Sleep timer 3,85 
12. F9: Child lock 3,79 
13. F6: Switch on timer 3,46 

7.3.1 Criteria/or selection of functions for use in the experiment 

The functions that will be used in the consumer experiment have to satisfy three conditions. 
First, the functions need to have a significant difference in perceived importance by the 
user. To be able to investigate the influence of FI on UPFS, one function with relatively 
high perceived importance, and one function with low perceived importance need to be 
selected for use in the experiment. 
Second, failure of the functions has to be easily applicable in an experiment. It must be 
possible to let the participant actively use the function during the experiment. 
Furthermore, it must be possible to cause a failure in the function while the participant 
is using that particular function. 

7.3.2 Selection of functions for use in the experiment 

The function that was rated most important in the FI measurement was the function 'watching 
the desired program' (Fl), with the provision of good sound and image quality. A function that 
was rated less important, than 'watching the desired program', in the FI measurement is the 
function 'use of the motorized swivel' (Fl3). To satisfy the first condition, the Wilcoxon Signed 
Ranks Test is used to test if the scores given to the two functions differ significantly. 

T bl 7 2 w ·1 a e .. 1 coxon 1gne an s test resu ts s· dR k 

Number Mean Rank Sum of Ranks 
rating Fl3 - rating Fl 1Ne2ative Ranks ll6(a) 59,46 6.897,00 

!Positive Ranks l(b) 6,00 6,00 
Ties 4(c) 
Total 121 

a. rating F 13 < rating F 1 
b. rating F13 > rating Fl 
c. rating F 13 = rating F 1 

Table 7.3: Wilcoxon Signed Ranks test statistics 

ratine Fl3 - ratin2 Fl 

z 9,386(a) 
Asymptotic Si2nificance (2-tailed) 0,000 

a. Based on positive ranks. 
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As can be seen in the tables above, the significance of the Wilcoxon signed ranks test is smaller 
than 0.05, which indicates that there is a significant difference in average ratings between the 
two functions. As can be seen from table 7.2 the rating of Fl3 is lower than the rating of Fl in 
116 out of 121 cases. Therefore it can be concluded that rating given to Fl is significantly 
higher than the rating given to Fl3 . Hence, Fl is considered significantly more important than 
F13. 

It is easily possible to cause a failure in function F 1, 'watching the desired program' , by 
affecting the quality of the image. Also, this failure can be easily applied in the experiment 
because participants will be watching the TV while the quality of the screen will be 
deteriorated. Therefore, this function will be used in the experiment. How the quality of the 
image will be affected will be explained in the next section. 

The motorized swivel is used to obtain an optimal viewing angle by changing the position of the 
screen with the remote control. This function can be easily applied in the experiment by letting 
the participant go from a position with a good viewing angle to another position in the room 
(with a bad viewing angle) while still needing to watch the TV. Also, a failure can be easily 
caused in this function in a consumer test by making sure that the swivel cannot be operated 
electronically. How this will be established will again be explained in the next section. 

7.4 Ways to cause a failure in the selected/unctions 

In the previous section two functions were selected that will be used in the consumer 
experiment. This section deals with the possibilities to cause failures in the selected functions. 

7.4.1 Watch the desired program 

The purpose of this function is to watch the program you want without flaws in image and 
sound. Therefore, creating flaws in image or sound can cause a failure in this function. To 
understand the nature of the flaws in analog and digital images, first the theory behind analog 
and digital signals will be explained. Subsequently, the possible failures in analog and digital 
video are described. 

Analog vs. digital signals 

Natural phenomena are generally viewed as continuously varying functions of time, space, or 
other independent variables. For example, the flow of water in a river and the heat of a fire, are 
both continuous functions, which is called analog. In electronic representation of analog 
quantities, the relevant physical quantity is converted directly to an electronic voltage as a 
function of time [Lut97]. The subsequent electronic processing operates on the analog voltage 
to accomplish the purpose of the system. Analog television encodes the picture and sound 
information as an analog signal, that is, by varying the amplitude and/or the frequencies of the 
signal [Wik06]. At the end of the system, the anaiog voitage may be converted back to the 
appropriate physical quantity, e.g. light intensity, sound pressure, etc. [Lut97]. The main 
problems with analog television are ' snow', 'judder' and 'ghosting'. These problems will be 
described in section 7.4.1.1. 

In a digital system, information is conveyed by a series of digits, or symbols that have a 
specified, discrete number of values [Lut97] . To produce a series of digital symbols, which 
represent analog quantities in a digital system, an analog-to-digital conversion (ADC) process 
must be used [Lut97]. Because precise measurement would require an infinite number of digits, 
the signal has to be measured to a certain precision, and therefore only requires a specific 
number of digits. This approximation of the precise value within a fixed number of digits, or 
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bits, where the symbol is forced to take the digital value that is closest to it, is called 
quantization [Lut97]. The process of quantization results in a bit-rate used for the transmission 
of the signal. 
Digital signals are used for digital television, in contrast to analog signals in analog (traditional) 
television. The main advantages of digital formats are that they allow multiple copies to be 
made without any degradation in quality, and the creation of special effects not otherwise 
possible in analog format. Also, they simplify editing of all kinds, as well as permitting 
international exchange independent of the broadcast standard used for diffusion [Ben02]. 
Digital television has better reception than analog television, due to the fact that random 
variations in analog signals (noise) become dominant as the signal is re-copied or transmitted 
over long distances. In theory, digital television has a superior image quality compared to 
analog television: no more 'snow', 'judder' , 'ghosting', etc. Furthermore, analog signals' 
arguably most glaring weakness is its blurriness and lack of fine image details due to 
shortcomings in high-frequency response, or simply put, in bandwidth [Pat06]. Because digital 
television uses compressed signals, a lower bandwidth is needed for a better picture. But this is 
also the drawback: digital television uses digital modulation data, which requires signal 
compression and decoding for transmission to the end user [Ben02]. Signal compression and 
decoding causes the problems with digital television that are not present in analog television. 
These problems will be described in the section 7.4.1.2. 

7. 4.1.1 Problems with Analog Video 

This paragraph will describe the most common problems with analog video. The primary 
disadvantage with analog signals is noise. A certain amount of random noise is unavoidable in 
all electronic circuits because of thermal agitation of electrons [Lut97]. These random variations 
become dominant as the signal is re-copied or transmitted over long distances. The effects of 
noise make signal loss and distortion impossible to recover, because when amplifying the signal 
to try to recover diminished parts, the noise is amplified as well [Wik06]. The main problems 
with analog television are 'snow', 'judder' and 'ghosting' ; these problems will be described 
here. 

'Snow' is the appearance of white flecks of snow caused by visual noise in a video picture. An 
example of a snowy image can be seen in the figure below. 

Figure 7.1 : Snowy image on analog television 

'Ghosting' can be the result of transmission conditions where secondary signals are created and 
then displayed earlier or later than the original signal. This causes a shadowy or weak 
duplication of the original image, offset either to the right or to the left of the primary image. An 
example of a ghosted image can be seen in the figure below. 
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Figure 7.2: Ghosted image on analog television 

'Judder' is a vibrating image that occurs as a result of every other film frame lasting 1/60 of a 
second longer than the previous one. An example of a juddered image cannot be shown here 
because that requires a moving image. 

7.4.1.2 Problems with Digital Video 
The types of flaws in the image of traditional analog TV are due to noise. As described above 
examples of these flaws are a 'ghosted' picture, snow or judder. These picture degradations are 
caused by signal errors; as interference becomes worse, the picture becomes worse. With a 
digital signal, because of the way the error correction works, the picture will still look perfect 
until the threshold forward error correction (FEC) signal to noise ratio is reached [Itv06]. Ratios 
below the threshold lead to an unacceptable picture, which is called catastrophic degradation 
[Itv06]. The possible problems with digital video can be divided into two categories: general 
problems and compression problems, as will be described below. 

Distortions that get added to a video signal during digital encoding are known as artifacts 
[Bas96]. Artifacts can therefore be seen as failures in the quality of the picture. This section will 
look at the various types of artifacts that explain the quality degradation of a video signal during 
digitization and at the possibilities to cause these artifacts in an experiment. The artifacts will be 
demonstrated by applying them to the picture shown in figure 7.3. 

General Problems 
There are several general problems with digital video that cause quality degradation. The most 
important ones are 'aliasing' and 'quantization noise', these will be described here. 
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- Aliasing 
Aliasing is caused when a signal being sampled contains frequencies that are too high to be 
successfully digitized at a given sampling frequency [Bas96]. When sampled, these high 
frequencies fold back on top of the lower frequencies producing distortion [Bas96]. In most 
methods of video digitizing, this will produce pronounced vertical lines in the picture, as can be 
seen in figure 7.4 below. 

Figure 7.4: Aliasing [Bas96] 

- Quantization Noise 
When a signal is digitized, the continuously variable analogue waveform must be quantized into 
a fixed finite number of levels. The coarseness of these levels causes quantization noise 
[Bas96]. A 24-bit color picture ( composed of an 8-bit value for each of the red, green and blue 
components of each pixel) suffers from virtually no quantization noise, since the number of 
available colors is so high, namely 16.7 million [Bas96]. So reducing the resolution of the 
picture, results in quality degradation. Some examples of the same picture represented with 
varying color resolutions can be seen in the figure below. 

(a) - Color (b) - Color 
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( c) - Grey scale ( d) - Grey scale 
Figure 7.5: (a) 8-bits per Pixel, (b) 4-bits, (c) 8-bits and (d) 1-bit [Bas96] 

Compression problems 
Compression problems also cause quality degradation in the image of digital video. The two 
compression problems that are most common are described here. 

- The Gibbs Effect 
One of the most common artifacts that afflicts both MPEG and JPEG compression is the Gibbs 
effect [Bas96]. It shows up as a blur or haze around the object, where the sudden transition is 
made from the artificial object to the background. It can be caused by the discrete cosine 
transform used to digitize chrominance and luminance information [Bas96]. This is most 
noticeable around artificial objects such as plain colored, large text and geometric shapes such 
as squares, as can be seen in the figure below. 

Figure 7.6: (a) A Geometric Shape and (b) The Gibbs Effect [Bas96] 

- Lossy Compression 
A lossy compression method allows a system to produce much higher compression ratios, and 
removes some of the information contained in a digital signal [Bas96]. An encoder may be 
designed with the criteria of providing output with say a 98% similarity to the input signal. 
Under most circumstances this may produce an acceptable picture, but if the video footage is a 
tennis match, then it may quite justifiably ignore the tennis ball ( according to the encoding 
criteria) since it is so small [Bas96]. Designing the encoder in a way that output is provided with 
less similarity to the input signal degrades the image further, causing a totally unacceptable 
image quality. 

After looking at the different possibilities to cause a failure in the screen quality it became clear 
that the easiest way is to disrupt the analog television signal. Therefore, the failure in the quality 
of the screen will be caused by disrupting the analog television signal. A signal disrupter will be 
installed to cause noise in the signal, which will lead to a high degree of snow in the image of 
some channels and total image failure of others, which results in a black screen. Although this 
failure might not appear to the participants as a failure of the TV itself, it will be explicated to 
the participants that it is a failure of the TV itself. 
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7.4.2 Use of the motorized swivel 

The motorized swivel is used to obtain an optimal viewing angle between the position of the 
viewer and the position of the TV by pressing a button on the remote control. If a person 
changes position in the room, he might want to change the viewing angle of the screen he is 
watching. The motorized swivel can be used for this, but the viewing angle can also be changed 
by turning the screen manually. It is important to clarify that the function under consideration 
here is the motorized swivel and not the swivel in general. The swivel and its functionality can 
be seen in the figure below. 

Figure 7.7: Motorized swivel 

A failure can be caused in this function by blocking the electrical signal going to the swivel or 
by removing the electrical connection. This would cause a total failure in the function. This 
failure can easily be caused by the use of an adjustable socket, in which the current can be cut 
off at any point in time, which will stop the swivel from functioning. 

7.5 Control of extraneous variables 

This section will deal with the control of the extraneous variables. These variables are factors 
that might influence the behavior being studied when they are uncontrolled, but are not of 
interest to the researcher [Goo05]. As already described in chapter 2, the extraneous variables in 
this research are: 

- All other identified failure characteristics that might influence the UPFS [Vis06]. 
- User characteristics. 

These variables should be adequately controlled; otherwise the behavior being measured might 
be influenced in some systematic way [Goo05]. 

7. 5.1 Relevant failure characteristics 

The other relevant failure characteristics, besides Fl, which might influence UPFS, are shown 
again in table 7.3. As mentioned earlier, these variables should be adequately controlled; 
otherwise the behavior being measured might be influenced in some systematic way [Goo05]. 
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By keeping these characteristics constant during the experiments, the influence of these non
investigated failure characteristics is considered negligible [V is06J. 

Table 7.3: Other relevant failure characteristics for the UPFS model [Vis06] 

Failure characteristic Definition 
Failure frequency Number of failures per time unit under standardized use 

conditions 
Failure reproducibility The degree of repeatability of a failure for a user 
Failure solvability The required effort a user should take after failure occurrence to 

return to normal functioning of the product 
Failure work around The degree in which the failure occurrence can be evaded by the 

user by operating the product differently 
Failure time in use process Indicates when the failure occurs in the total use-life of the 

product (e.g. during; unpacking, installation, first use etc.) 
Failure impact The percentage loss of functionality as a result of the failure 

In the experiment, a failure will be caused in the two chosen functions. The characteristics 
shown above should be equal for both functions. The 'Failure frequency' is held constant by 
causing one failure in every single experiment. This means that the group dealing with 
'watching the desired program' must handle one screen failure, and the group dealing with the 
'motorized swivel' must handle one motor failure. By making sure that the failures in both 
functions seem random in the eyes of the test-persons, the 'Failure reproducibility', will seem 0 
and is therefore held constant. After a failure has been provoked, the technical specialist will 
reset the TV to the initial state for both functions; this will keep the 'failure solvability' for the 
test-persons constant during the experiment. When the failure in the screen occurs the 
participants will not be able to evade the failure by operating the TV differently. They might 
however try to re-install the channels but this will have no effect on the quality of the image. 
When the failure in the motorized swivel occurs, the participants can operate the swivel 
manually, but since it will not be indicated to the participants that the swivel can be operated 
manually, this will not be likely to happen. Therefore, failure work around is held as constant as 
possible, although the experiment might result in some interesting situations when participants 
try to evade the problems. The test can be seen as the first use phase in the total use-life of the 
product, therefore the variable 'failure time in use process is' is also held constant. To keep 
'Failure impact' constant the percentage loss of functionality as a result of the failure should be 
equal for both functions. This will be achieved by total failure of both functions, meaning a 
100% loss of functionality. 

7.5.2 User characteristics 

As already mentioned before, user characteristics are not part of this research regarding the 
UPFS and should be held as constant as possible. Therefore, it is important to eliminate possible 
variation in the results, caused by discrepancies between participants, by using a homogenous 
sample. This applied for the FI survey, but is even more eminent for the consumer test. 

As mentioned in section 6.3, the test-persons for the consumer experiment were selected on the 
basis of their scores on the PANAS-X scale.PANAS-Xis an expanded version of the Positive 
and Negative Affect Schedule [Wat94]. This selection is made to keep the user characteristic 
'irritableness of the participant' as constant as possible. 

Exchange students were not asked to fill in the questionnaire or to participate in the experiment, 
since their frame of reference regarding televisions might be different from Dutch students and 
this might influence the homogeneity of the sample. Also, results from the consumer 
experiment might be harder to analyze when exchange students are used. Reasons for this could 

Bas Gielen 41 



TU/ 
technische universiteit eindhoven e The influence of Function Importance on User Perceived Failure Severity 

be that exchange students might have a different way of reacting compared to Dutch students 
because of cultural differences. 

7.6 Selection oftest-persons/or the experiment 
The respondents of the FI survey were also asked if they were willing to participate in the 
consumer experiment. A selection of suitable participants has to be made from the group of 
respondents who are willing to participate in the experiment. The selection is based on two 
factors: the FI rating of the functions used for failure in the experiment, and the PANAS-X 
scores. 

Rating of the functions 
It is hypothesized that failure of a function with a high importance rating causes more irritation 
to the user than failure of a function with a low importance rating. The rating given by the 
respondent to the function 'watch the desired program' should be significantly higher than the 
rating given to the function 'use of the motorised swivel'. Therefore, it is desirable that the 
function 'watch the desired program' is rated very high, and the function 'use of the motorised 
swivel' is rated very low by the respondent. The difference in rating between the two functions 
should be at least 3 grades. It was shown in section 6.5.2.2 that if the difference in rating 
between two functions is 1,3 grades, it is already significant. A difference of at least 3 grades is 
chosen by the researchers for a considerably bigger difference in importance which is expected 
to result in a bigger difference in UPFS. Respondents that satisfy this condition continue to the 
next round of selection, based on the scores on the PANAS-X scale. 

PANAS-X 
As already mentioned above, user characteristics are not part of this research regarding the 
UPFS and should be held as constant as possible. This applies for the FI survey, but is even 
more important for the consumer test. If persons are selected that get angry or irritated very 
quickly, the results cannot be generalized to a bigger population. Therefore, test-persons are 
selected on the basis of their scores on the PANAS-X schedule. There are two criteria that are 
important: first, the score on the General Negative Affect Scale should be within the limits of 
the average for the total group of respondents+/- 1 *standard deviation. Second, the score on the 
Basic Negative Emotion Scale should also be within the limits of the average for the total group 
of respondents +/- 1 *standard deviation. The choices for setting these cut-off values are not 
validated or discussed in literature. However, by using these criteria it is ensured that 
participants with extreme low or extreme high negative affect will be excluded from the 
experiment [Ber07]. Respondents that satisfy the previous function rating condition and this 
condition will be asked for participation. A total of 25 participants will be invited to take part in 
the experiment. The analysis of the questionnaire results on PANAS-X, and the selection of 
participants based on PANAS-X, was done by Bergmans [Ber07]. 

An overview of the characteristics of the persons participating in the consumer experiment can 
be found in Appendix VI. 

7. 7 Setting up the experiment 
This section describes the set-up of the experiment and deals with the protocol that will be 
followed during the experiment. The task lists used in the experiment are described, the use of 
scenarios is clarified, and the irritation measurement is accounted for. There are always two 
observers present during the experiment. One of the observers acts as the host of the experiment 
and deals with the participants. The other observer stays in the observation room, and takes care 
of the technical part of the experiment. This technical specialist is in charge of the control of the 
cameras and the occurrence of the failures. 
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7. 7.1 Acquaintance with functions used in the experiment 
The data obtained in the survey shows that all participants in the experiment own a TV that 
possesses the function 'watching the desired program', and none of the participants own a TV 
that possesses the function 'use of the motorised swivel'. Analysis of the data obtained in the FI 
survey brought to the light that for some functions there are significant differences in 
importance ratings between people who possess that function and people who do not possess 
that function. Since none of the participants own a motorized swivel, it is important to let the 
participants get familiar with that function and obtain another FI rating. An 'acquaintance task 
list' is formulated in which participants use a number of functions that are not common to 
everyone. The function 'use of the motorised swivel', along with the 'use of dual screen to watch 
two programs at the same time' and the 'use of dual screen to watch a program and teletext at the 
same time' are utilized. When all the introductory tasks are finished the participant is asked to 
rate the different functions, he/she just used, on importance again. The acquaintance task list 
can be seen in Appendix VII. 

7. 7. 2 Use of scenarios 
After the respondents have tested these functions, and gave an FI score to the tested functions, 
they will be handed a task list for the remaining part of the experiment. The difference in rating 
between the functions has to be significant for the objective of the experiment. Therefore, if the 
difference in rating between 'watching the desired program' and 'use of the motorized swivel' is 
still significant (at least 3 grades, preferably more) the participant is handed a task list for the 
'motorized swivel scenario'. In this scenario a failure will occur in the motorized swivel that 
stops this function from working. If 'use of the motorised swivel' is considered more important 
to the participant after he/she has tested the function, than he/she will get the 'image scenario' in 
which a failure will occur resulting in unacceptable image quality. Since, there is a criterion for 
participants who execute the swivel scenario; the participants are directly assigned to that 
scenario if they satisfy the criterion. This can result in an uneven distribution of participants 
among the scenarios. Therefore, when enough participants (half of the total) have been assigned 
to the swivel scenario, the remaining participants are assigned to the image scenario. The two 
scenarios will be explained below. 

7. 7.2.1 Image scenario 
In the image scenario, the participant receives a task list in which he/she is asked to start 
watching TV at channel one and zap through the channels to see what is broadcasted. When the 
participant finds a program that he/she likes he/she should watch this program for a while. The 
participant can also try out other functions of the television he/she likes. At a certain moment in 
time, while the participant is watching TV, a failure occurs. The disturbance of the broadcasting 
signal will last for two minutes, and then the signal will be set to normal. The participant will 
also experience that the picture is normal again. 

7. 7.2.2 Swivel scenario 
In the swivel scenario, the participant also receives a task list in which he/she is asked to start at 
channel one and go through the other channels to see what is broadcasted. When the participant 
finds a program he/she likes he/she should watch this program for a while. Then the participant 
should take place behind the laptop, which is positioned in another comer of the room ( see 
figure 8.2, in section 8.2). On the laptop the participant will find a task to fill in which program 
is broadcasted at which channel. The participant cannot watch television from this point and 
should therefore tum the screen with the motorized swivel. After this task is completed, he/she 
should go back to the couch and watch television again, where he/she should tum back the 
screen with the motorized swivel for a good viewing angle. While the participant is doing the 
task on the laptop, the swivel is turned off. The participant will undergo this failure for two 
minutes. The participant should also experience that the motorized swivel works normally. 
After two minutes, the motorized swivel "suddenly" works again. 
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7. 7.3 Measuring irritation and failure visibility 
Irritation is measured by means of PANAS-X and an exit-questionnaire. The visibility of the 
failure is measured with the exit-questionnaire. This is done to check whether failure impact is 
perceived as constant by the participants and whether the participant noticed the right failure, 
because it could also be possible that the participant finds that some other or additional 
function(s) is/are not working correctly. 

Participants are asked to fill in the PANAS-X schedule before and after a failure in one of the 
two functions occurs. The before- and after-scores on the negative affect scale are compared to 
detect any changes in negative affect of the participant. The first PANAS-X fonn is handed to 
the participant at the beginning of the experiment; the second PANAS-X form is handed right 
after the failure has occurred. The analysis of the PANAS-X data is executed by Bergmans 
[Ber07]. 

The first page of the exit-questionnaire is a 'Function Assessment Form', which asks the 
participant to pass a judgment on the performance of the different functions in order to measure 
failure visibility. If they feel a function did not work as it supposed to they can indicate this and 
give a rating to the failure from O (function still useable) to 5 (function un-useable). It can also 
be indicated that the function worked without failure or that the participant did not use the 
function. This is done to determine if the participant experienced the correct failure (the one 
aimed at with the scenario) and to make sure that UPFS is measured for failure of the correct 
function. 

The second page of the exit-questionnaire is a 'Response to Failure Form', which consists of IO 
statements regarding the participant's reaction to the failure. This page is used to measure the 
UPFS resulting from the failure. In the experiment the respondent is asked to imagine that they 
have just bought the TV they have just worked with. They have the TV in their living room for 
a couple of days and then the failure they have just experienced occurs. They have to imagine 
the failure is caused by the TV and not by a third party (e.g. cable company, power company). 
They are asked to report how they would respond to ten statements on a five-point scale, going 
from very likely (1) to very unlikely (5). The questionnaire consists of five statements regarding 
UPFS, the emotional responses, and five statements regarding action that could be undertaken; 
the action responses. The UFPS score is calculated by adding up the scores of the emotional 
responses. The higher the score, the higher the UPFS. The scores on most statements have to be 
reversed because a low score on those statements indicates high UPFS. The exit-questionnaire 
can be seen in Appendix XL 

The 'Response to Failure Form' is used in earlier research, at the sub-department of Quality and 
Reliability Engineering of the Eindhoven University of Technology, in an experiment regarding 
failures in teletext. In this research the reliability of the irritation measure in the exit
questionnaire was found to be a=0.76, which indicates a quite high reliability. 

The process described above is visualized in figure 7.8, and will be shortly repeated here. First, 
the participant fills in a PANAS-X form, in which the participant indicates his/her current 
emotional state. After that, the participant receives the 'acquaintance task list' to get familiar 
with some functions, after which he/she fills in an FI questionnaire. On the basis of the FI 
scores the observer selects a scenario, after which the selected scenario is handed to the 
participant. After execution of the scenario and going through the failure, the participant fills in 
another PANAS-X form. Lastly, the respondent fills in the exit-questionnaire. 
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PANAS-X 

Acquaintance 
task list 

FI Score 

Exit
Questionnaire 

Figure 7.8: Graphical representation of the order of the experiment 

7.8 Method of analysis 

The objective of the experiment is to establish the relationship between FI and UPFS. It is 
expected that failure of a function with high perceived importance results in higher UPFS than 
failure of a function with low perceived importance. To be able to demonstrate the relationship 
the data obtained in the experiment will be analyzed. The data obtained with the Exit
questionnaire will be analyzed by adding up the scores on the emotional responses, to calculate 
a score for irritation, in other words the UPFS. Furthermore, the correlation between scenario, 
FI, UPFS, and failure score (the score given to the seriousness of the failure) will be 
investigated. This will be done to investigate the direct relationship between the FI score and 
UPFS, and between scenario and UPFS. Furthermore, the relationship between the scenario and 
failure score and between UPFS and failure score will be investigated to examine whether the 
seriousness of the failure was different in both scenarios and if the seriousness of the failure has 
a direct influence on UPFS. The PANAS-X analysis, done by Bergmans [Ber07], compares the 
scores for the basic negative emotions and the general negative affect, before (PANAS-X-1) and 
after (PANAS-X-2) occurrence of the failure and between the scenarios. The execution of the 
experiment is described in the next chapter, and the analysis of the experiment will be discussed 
in chapter 9. 
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8. Consumer experiment 

The previous chapter dealt with the set-up of the consumer experiment. The two functions in 
which a failure will occur in the experiment were selected. The control of the extraneous 
variables was clarified, and the selection of participants for the experiment was explained. The 
actual protocol and task lists used in the experiment were also explained. This chapter deals 
with the execution of the experiment. First the pilot experiments and their outcome will be 
discussed. Subsequently, the execution of the actual experiments will be clarified. 

8.1 Pilot experiment 

A number of pilot experiments are carried out, before the actual experiment is conducted. The 
goal of these pilot experiments is to test the acquaintance task list and the two scenario task lists 
on bugs and illegibility, and to test if participants execute the tasks in the manner that is 
expected by the observers. It is also tested if the timing of all activities is correct or needs to be 
revised. Participants in the pilot experiment are students who filled in the FI-questionnaire but 
did not meet the selection criterion on FI scores to participate in the actual experiment. Five 
students were invited to participate in the pilot experiment. 

Results of the pilot experiment 
After conducting the first three pilot experiments, it became clear that changes had to be made 
to the design of the experiment. 

First of all, changes were needed in the two scenarios. In the 'image scenario', the participants 
were not fully focussed on the screen when the failure occurred. Instead they were busier with 
trying out other functions of the TV. Therefore, a task was designed in which the participant has 
to write down what programs are on channel 1 till 12. While the participant is executing the task 
the failure is caused, which causes task interference. In the 'swivel scenario', the participants 
were tempted to use the swivel by letting them execute a task on a laptop positioned in another 
comer of the room. The participants have to fill in on the laptop which broadcasting stations are 
installed on channel 1 to 10. However, the instructions given on the task list did not seem 
directive enough, because the participants did not use the swivel, but instead they tried to 
execute the task by heart or by standing up to create a good viewing angle. Therefore, the task 
list was rewritten with the suggestion that the participant can use every function of the TV to 
execute the tasks, and that the viewing angle can be easily changed by using the motorized 
swivel. The final task lists for the scenarios can be seen in Appendix VIII and IX. 

Also, on the basis of the P ANAS-X scores, the failures did not seem to have enough impact on 
the participants. Therefore, the duration of the failure was increased from two to three minutes. 

Furthermore, some changes were made in the host's action list. The most important change was 
made in the timing of handing out the P ANAS-X schedule. When the participants have just 
entered the laboratory/imitated living room they did not really seem at ease. If they have to fill 
in the PANAS-X schedule right away this might influence the results. Therefore, the participant 
is first offered something to drink, and then they execute the acquaintance task list, after which 
they are used to the environment and feel more at ease. Then they are handed out the PANAS-X 
schedule and are left alone in the room, to fill in the schedule in peace and quiet. The new 
schedule of the different parts of the experiment is shown in figure XXX. A detailed overview, 
in Dutch, of all the activities of the experiment can be seen in Appendix X. 

After these changes were made in the design of the experiment, two more pilots were executed 
to test the changes. These experiments went according to plan, and one week later the actual 
experiments were carried out. 
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Acquaintance 
task list 

FI Score 

PANAS-X 

Exit
Questionnaire 

Figure 8.1: Final order of the tasks for the experiment 

8.2 Execution of the experiment 

After the pilot experiments were carried out; and the order of the tasks, the task lists, and 
observers' action list were changed, the actual experiments were carried out. A total of 25 
students were invited to participate in the experiments, of which 21 males and 4 females. As a 
reward for their time and effort, all participants received a Philips speaker set for their laptop, 
phone or MP3-player after the experiment. Every participant had a maximum of one hour to 
complete the experiment. The layout of the experimental environment can be seen in the figure 
below. 

Living room Observation room 

r--
1 

+ + + + + + 
+ + + + + + 
+ + + + + + 

Figure 8.2: Layout experimental environment 
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As already mentioned above, there were always two observers present during the experiment. 
One of the observers acted as the host of the experiment and dealt with the participants. The 
other observer stayed in the observation room, and took care of the technical part of the 
experiment. Participants took part in the experiment one by one. A participant was welcomed in 
the living room area of the lab by the host. He/she was offered something to drink and the 
situation was made as relaxed as possible. The participants were told that they were going to 
test the TV on user friendliness and that the experiment had nothing to do with their 
performance. When the participants had received their drinks, they got the acquaintance task 
list. During the execution of this first task list, the host stayed in the living room so that the 
participant could ask questions. During the execution of the scenario, the host left the living 
room and went to the observation room to let the participant work on his/her own. This was 
done to let the participants fiddle around with the failure and to not give them the opportunity to 
ask the host what was going on. Also, while the participants filled in the PANAS-X forms the 
host also left the living room to let the participants work in all ease. 

8.2. 1 Think aloud protocol 

Participants were asked to use a 'think aloud protocol' when they were executing the 
experiment. This means that participants were asked to say everything they think, feel and do, 
out loud. When participants were going through the task lists, they had to say what they were 
doing, why they were doing it and what they thought about it. When they thought something 
was good, or bad or easy or hard to use, they should say this out loud, so that the observers 
could note this. This can also be used later on, when analyzing the videos to notice any 
disturbances or oddities which can influence the outcome of the experiment. 

8.2.2 Extra information for swivel scenario 

When the participant gave up his/her attempt to use the swivel before it worked well again, the 
host returned to the living room and asked if everything went well. The participant probably 
noticed that the swivel did not work. The host asked the participant to show this, and then the 
participant saw that the motorized swivel worked again. In the case that the participant did not 
tell the host that there was a problem with the swivel; the host turned the screen with the remote 
control himself. 
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9. Analysis of the experiment 

The previous chapter dealt with the execution of the experiment. In this chapter the analysis of 
the data obtained in the experiment will be discussed. The objective of the experiment is to 
determine the relationship between FI and UPFS. First, the irritation measure will be examined 
on reliability, and UPFS will be calculated for both scenarios. Then, an analysis of the exit
questionnaire will be performed by determining the correlation between the different items on 
the exit-questionnaire. This will be done to investigate the direct relationship between the FI 
score and UPFS, and between scenario and UPFS. Furthermore, the relationship between the 
scenario and failure score and between UPFS and failure score will be investigated to examine 
whether the seriousness of the failure was different in both scenarios and if the seriousness of 
the failure has a direct influence on UPFS. Subsequently, the analysis of irritation with PAN AS
X will be dealt with and some side issues that influenced the outcome of the experiment are 
discussed. 

The Exit-questionnaire used at the end of the experiment consists of two parts, as can be seen in 
Appendix XI. The first page is a 'Function Assessment Form' (Exitl) in which the participants 
were asked if the tested functions worked without flaws, according to them. In the Exitl-form, 
participants can indicate if a function worked without failure, or if there was a failure in the 
function, or if they did not use the function. If a participant indicated there was a failure in one 
of the functions, a score had to be given for the seriousness of the failure. The score ranged 
from 0-5, with 0 meaning that the function is still well usable, and 5 meaning that the function 
was (almost) unusable. The objective of the Exitl form is to determine if the participant 
experienced the correct failure (the one aimed at with the scenario) and to make sure that UPFS 
is measured for failure of the correct function . The second page of the exit questionnaire is a 
'Response to Failure Form' (Exit2), consisting of 10 statements with possible responses to the 
failure. The participants were asked to indicate how likely each response would be if the failure 
occurred in their living room on a TV they just bought. Five of the 10 items are 'emotional 
responses' and the other five are 'action responses'. The participants rated each item on a 5-point 
scale, with 1 = 'very likely' to 5 = 'very unlikely'. The objective ofExit2 is to measure the UPFS 
resulting from the failure. The ten items are listed below. 

Table 9.1: Items on Response to Failure Form (Exit2) 

No. Response items on form Response type 
1. I would find this failure enormously irritating emotional response 
2. I would seek advice at the customer service of the manufacturer action response 
3. I would be quite enraged about this problem emotional response 
4. I would just wait till the problem disappeared action response 
5. I would not get angry about such a failure emotional response 
6. I would immediately return this TV to the store action response 
7. I would have a look on the internet to find a solution to this problem action response 
8. At home, I would consider this a small demerit of the TV emotional response 
9. If this problem occurs at home I would ask a relative/friend for help action response 
10. I would not annoy myself about such a problem emotional response 

The scores for statements l, 2, 3, 6, 7 and 9 are reversed to obtain a high score when the level of 
irritation, or the amount of action taken, is high. 

9.1 Analysis of UPFS with the 'Response to Failure Form' 

The actual UPFS score can be calculated by adding up the scores given to the five 'emotional 
response' items in the Exit2-form. To examine whether the 'emotional response' items measure 
the same construct (UPFS), a reliability analysis on the five items is performed. Reliability was 
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determined by computing Cronbach's alpha [Cro5 l]. Cronbach's alpha is used to indicate the 
extent to which a set of items can be treated as measuring a single variable, in this case 
irritation. The reliability analysis returned an alpha of 0.834 which is >0.7, and therefore the 
measure can be considered reliable, see Appendix XII. An overview of the scores for all items 
and the total UPFS score can be seen in Appendix XIII. The UPFS scores are split in two parts: 
UPFS for the 'image scenario' and UPFS for the 'swivel scenario'. The average UPFS for both 
scenarios as well as the standard deviation of those scores can be seen in the table below. 

Table 9.2: UPFS scores 

Scenario Average UPFS Standard 
Score Deviation 

Image 21,08 4,66 
Swivel 19,50 3,26 

After calculating the UPFS scores for both scenarios, it has to be checked whether the UPFS for 
the scenario with high FI (image scenario) is higher than the UPFS for the scenario with low FI 
(swivel scenario). This will be done with a Mann-Whitney U test. This test evaluates whether 
the medians on a test variable (irritation) differ significantly between two groups, being in this 
case the 'image scenario' group and the 'swivel scenario' group. The table produced by SPSS to 
display the test results can be found in Appendix XIV. The test shows a significance value of 
0, 110 which is higher than 0,05. Therefore the hypothesis, that user-irritation is higher for 
failure of a function with high Fl, compared to failure of a function with low FI, is not 
supported. Therefore, based on the data obtained with the experiment, the hypothesis that FI has 
a significant influence on UPFS is not supported. 

There is however one UPFS score in the 'image scenario' that stands out compared to the other 
scores in that scenario. The figure below shows a box-plot of the irritation scores for each 
scenano. 

Swivel scenario 

Scenario 

Image scenario 

5,00 

Figure 9.1: Box-plot of irritation 
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As can be seen in the figure, there is clearly one outlier on UPFS in the image scenario, namely 
participant 13. This participant disrupts the data obtained with the experiment by decreasing the 
average UPFS score and increasing the sample standard deviation. After analyzing the video of 
this experiment it was found that the participant blamed the weather for the failure. If 
individuals perceive that the failure was justified by socially acceptable rules ( e.g. the weather), 
as opposed to being arbitrary, the frustration response may be minimized [Bar77]. The 
participant also responded that he experienced the failure for a very short time. Because of the 
reasons stated above the data for this participant was excluded from the analysis. 

When this outlier is excluded from the analysis, there are still 12 persons remaining for both 
scenarios. The average UPFS score and the standard deviation of the score will be different for 
the 'image scenario' because of the excluded participant. The new average UPFS score and the 
standard deviation for that score can be seen in table 9.3. It appears that the average UPFS score 
is higher while the standard deviation is lower ( and almost equal to the standard deviation in the 
swivel scenario). 

Table 9.3: Revised irritation scores 

Scenario Old Average Standard New Average New Standard 
UPFS Score Deviation UPSF Score Deviation 

Image 21,08 4,66 22,08 3,06 
Swivel 19,50 3,26 19,50 3,26 

After excluding one participant from the analysis and calculating the new average UPFS score 
and its standard deviation, a new Mann-Whitney test can be executed to determine if a 
significant difference in UPFS scores exists between the two scenarios. The table produced by 
SPSS to display the test results can be found in Appendix XV. The test shows a significance 
value of 0,038 which is now lower than 0,05. This indicates a significant difference in user
irritation between the two scenarios. Therefore the hypothesis, that user-irritation is higher for 
failure of a function with high Fl, compared to failure of a function with low FI, cannot be 
rejected on the basis of these results. This suggests a positive correlation between FI and UPFS. 

9.2 Correlation analysis of items in Exit-questionnaire 

After the participants got acquainted with several functions of the TV they were given a 
Fl-questionnaire to indicate the perceived importance of those functions compared to generally 
well-known functions. This was done to check whether the participants still perceived the 
motorized swivel (FI Swivel) to be significantly less important compared to watching the 
desired program (FI Image). 

As already mentioned before, the Exit-questionnaire which is used at the end of the experiment, 
consist of two parts, Exitl and Exit2. In the Exitl form, participants are asked to indicate 
whether the functions tested in the experiment worked without flaws, according to them (Failure 
score). The Exit2 form consists of 1 0 statements with possible responses to the failure, from 
which the five emotional responses are used to calculate the UPFS score. An overview of the 
data obtained with the FI-questionnaire and the Exit-questionnaire can be seen in table 9.4. 
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T bl 9 4 D b . d. a e . : ata o tame m experiment 

Participant Scenario FIIma2e FI Swivel Failure score UPFS score 
2 Image 10 6 2 18 
6 Image 9 6 no score 25 
10 Image 10 8 1 22 
12 Image 10 9 2 22 
14 Image 10 5 3 25 
15 Image 8 5 2 23 
17 Image 10 8 4 24 
18 Image 8 6 2 23 
20 Image 9 6 1 15 
22 Image 8 6 5 25 
24 Image 10 3 0 20 
25 Image 10 3 4 23 
A vera2e Score 9,33 5,92 2,36 22,08 
Standard Deviation 0,89 1,83 1,50 3,06 

Participant Scenario FI Imaee FI Swivel Failure score UPFS score 
1 Swivel 10 6 5 22 
3 Swivel 8 5 4 17 
4 Swivel 10 6 2 22 
5 Swivel 10 2 5 18 
7 Swivel 10 2 4 15 
8 Swivel 9 3 3 14 
9 Swivel 9 5 4 23 
11 Swivel 10 1 3 24 
16 Swivel 10 2 4 21 
19 Swivel 10 3 5 18 
21 Swivel 10 5 4 22 
23 Swivel 10 5 1 18 
A vera2e Score 9,67 3,75 3,67 19,50 
Standard Deviation 0,65 1,76 1,23 3,26 

A correlation analysis between the items has been performed, and can be seen in table 9.5. This 
correlation analysis is performed to examine the relation between the actual FI score and the 
irritation score, and between the score given to the seriousness of the failure and the irritation 
score. It was already shown in the previous section that UPFS differs significantly between a 
function with high FI and a function with low FL The correlation analysis will reveal the 
strength of the relation between FI and UPFS. The correlation table is shown below. 

Scenario 
FI 
Failure score 
UPFS 
**. Correlation is significant at the 0.01 level (2-tailed) 
*. Correlation is significant at the 0.05 level (2-tailed) 
+_ Correlation is significant at the 0.1 level (2-tailed) 

In the table above, the item 'Scenario' is the scenario that the participant received. Scenario is 
therefore split into two groups; 1 = image scenario, 2 = swivel scenario. The item 'FI' is the FI 
score given in the experiment by the participant to the function of the scenario he/she received. 
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So, if the participant received the image scenario (1) than 'FI' is the FI score given to the 
function 'watching the desired program. And if the participant received the swivel scenario (2) 
than 'FI' is the FI score given to the function 'use of the motorized swivel'. The item 
'Failure_score' is the seriousness of the failure, as described above. The item 'Irritation' is the 
calculated irritation score of the participant, which is, in other words, the UPFS. 

The item 'Scenario' is negatively correlated with the item 'Irritation'. This relation already 
emerged in the previous analysis where it was shown that the 'image scenario' (scenario 1) had a 
higher irritation level than the 'swivel scenario' (scenario 2). Correlation analysis also grounds 
the hypothesis that a scenario with failure of a function with low FI results in a low level of 
irritation, and a scenario with failure of a function with high FI results in a higher level of 
irritation. This supports the hypothesis that FI significantly influences UPFS. In addition, the 
item 'FI' is moderately correlated with the item 'Irritation'. This indicates that the higher the FI, 
the higher the level of irritation. Although this correlation does not indicate a very strong 
relationship, it also supports the hypothesis that FI influences UPFS. 

The item 'Scenario' is strongly negatively correlated with the item 'FI'. This is a logical 
relationship considering the set-up of the experiment. When participants gave a low FI score to 
the swivel, they received the 'swivel scenario' (scenario 2), and when participants gave a high FI 
score to the swivel, they received the 'image scenario' (scenario 1). This explains the negative 
correlation between 'Scenario' and 'FI'. 

It can be seen in the correlation analysis table above that all items correlate with each other 
except the items 'Failure_ score' and 'Irritation'. This suggests that the perceived seriousness of 
the failure has no direct influence on the level of irritation. This may be because participants 
may not attribute the failure to the TV when giving the failure score. But when they fill in the 
Exit2 questionnaire, they are asked to imagine the failure is attributable to the TV and give their 
response to the failure. 

Furthermore, the item 'Failure_score' (the seriousness of the failure of a function) is positively 
correlated with 'Scenario' and negatively correlated with 'Fl'. The positive correlation between 
'Scenario' and 'Failure_score' indicates that scenario 2 (swivel scenario) has a higher failure 
score than scenario 1 ( image scenario). This suggests that the participants, who experienced 
failure of the swivel, gave that a higher extent of seriousness than the participants who 
experienced failure of the image. The negative correlation between 'Failure_score' and 'Fl' also 
suggests this. Some participants indicated that they thought the failure of the image was due to 
problems with the signal, or Cable Company, and therefore did not think the failure was as 
severe as the failure of the motorized swivel. They did not attribute the failure to the TV itself. 
Therefore, another failure characteristic is introduced: Failure Attribution. This topic will be 
further elaborated in the next chapter. 

9.3 Irritation analysis with PANAS-X 

The UPFS analysis on the basis of PANAS-Xis performed by Bergmans [Ber07]. Bergmans 
shows that there are no significar1t differences (o: = 0.1) between PANAS-X-1 (before the 
failure) and PANAS-X-2 (after the failure) in Fear, Hostility, Guilt and Sadness. These items 
are the four negative basic emotions [Wat94]. Since these scales show no significant difference, 
it was not remarkable that the difference in general negative affect and basic negative emotion 
was not significant. There was a significant difference in general positive affect and basic 
positive emotion between the before and after measurement [Ber07]. Positive affect of the 
participants decreased after experiencing the failure. However, these results indicate that 
PANAS-X cannot be used to measure UPFS [Ber07]. 
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9.4 Side issues/or tlie analysis oftlie experiment 

The experiment was designed in a way that failure impact for both scenarios should be 100%. 
A device was designed to disrupt the signal and cause a catastrophic failure in the function. 
However, the quality of the image was not 100% when the TV was in the initial state. The 
device that was used for the picture disruption also disturbed the signal a little bit when the TV 
was in its initial state. Furthermore, the impact of the image failure was also not 100%, since 
some channels were still high quality after failure. This resulted in marginal failure impact 
which was different than expected and resulted in a situation where the experiment did not have 
the intended outcome. This is further clarified with the matrix below. 

High 

Function 
Importance 

Low 

100% 

X 

Failure 
Impact Marginal 

-x 
Intended situation Actual situation 

X 
Actual + intended 

Figure 9.2: Matrix of experimental situation 

It is intended to keep failure impact constant in this research. However, as can be seen in the 
figure above, the actual situation in the image scenario differs from the intended situation 
because the impact of the failure in the actual situation was only marginal. This indicates that 
the UPFS scores in the image scenario may have been higher if the quality of the image before 
failure was perfect and if the impact of the failure was actually 100%. This matter suggests a 
stronger relation between Fl and UPFS than the one found above. 

This finding may also contribute to the fact that the failure score for the image scenario was 
lower than the failure score for the swivel scenario. To check whether the difference in failure 
score between the two scenarios is significant, a Mann-Whitney test was performed. The Mann
Whitney test returned a significance value of 0.044 (<0.05) which indicates a significant 
difference in failure scores between the two scenarios. The statistics table for this test can be 
seen in Appendix XVI. It is also interesting to see that half of the people in the swivel scenario 
also thought the image was not good, and gave a score to that failure. The average score given 
to failure of the image in the swivel scenario was 2,33, while the average score given to failure 
of the image in the image scenario was 2,36. This is a very small difference which indicates that 
any demerit in the quality of the image may result in user dissatisfaction. An overview of these 
scores can be seen in the table below. One participant in the image scenario did not report a 
failure because he thought the bad image was due to the cable; that is why in the table below 
there are only 11 participants in the image scenario who noticed the failure of the image. 
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T bl 9 6 0 a e . : vervtewo ffi ·1 a, ure scores per scenano 

Image scenario Failure Noticed by# participants Averae:e failure score 
Image 11 2,36 
Swivel 4 1,5 
Teletext 2 2,5 
Picture format 2 1,5 
Dual screen 1 1 

Swivel scenario Failure Noticed by# participants Average failure score 
Swivel 12 3,67 
Image 6 2,33 
Dual screen 3 2 
Teletext 2 1 
Picture format 1 3 

Goal attainment is another issue that may have influenced the results on UPFS. Persons will 
have a high commitment to a goal when the goal is important to them and they believe that the 
goal can be reached [Loc96]. Furthermore, the level of frustration that people experience would 
be influenced by how important the goal was to them, as well as how confident they are in their 
abilities, in other words their self-efficacy [Laz06]. Self-efficacy can be seen as how well a task 
can be performed when it involves setbacks, obstacles, or failures [Ban86]. In the picture 
scenario, the goal: 'describe the broadcasted program', could be (partly) completed. Despite the 
fact that the picture quality was heavily decreased, it was still possible to recognize several 
programs. Whereas in the motorized swivel scenario, the goal: 'tum the screen for an optimal 
viewing angle', could not be completed at all. The perceived severity of the failure of the high 
importance function was lower as expected while the perceived severity of the failure of the low 
importance function was higher. In the picture scenario, the ability to perform the task despite 
setbacks, obstacles or failures was higher and this may have resulted in a lower level of 
frustration or UPFS than would have been reached when the goal could not be attained. 
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10. Failure attribution 

In the previous section the data obtained in the experiments is analyzed. The findings at the end 
of the previous section indicate that the degree of failure perceived by the participants in the 
experiment is higher when the motorized swivel fails, than when the image fails. This could be 
the result of what causes the failure according to the participant. Attribution theory predicts that 
a consumer response to failure is influenced by the perceived reason for a product's failure 
[Bet79]. Therefore, a new failure characteristic is introduced: Failure Attribution. In other 
words, to what cause do the participants attribute the failure? This section will deal with Failure 
Attribution in the experiment. 

JO.I Failure attribution analysis 

To make a failure attribution analysis, the videos recorded during the experiments will be 
analyzed. Because of the 'think aloud' protocol used in the experiment, it can be discovered to 
what the participants attribute the failure. Some participants also wrote down on the 'function 
assessment form' what they attributed the failure to. An overview of the failure attribution 
analysis can be seen in the table below. 

Table 10.1: Failure attribution 

Scenario Particioant Failure score Irritation Failure attribution 

2 2 18 Not the TV, but (automatic) fine-tuning 

6 no score 25 Signal (therefore no score given to failure) 

10 1 22 Not the TV, no further specification given 

12 2 22 Signal/cable 

14 3 25 Signal 

15 2 23 Signal/reception 
Image 17 4 24 No attribution discovered 

18 2 23 Not the TV 

20 1 15 No attribution discovered 

22 5 25 Bad tuning 

24 0 20 Cable 

25 4 23 No attribution discovered 

Avera2e score 2,36 22,08 

Scenario Participant Failure score Irritation Failure attribution 

1 5 22 No attribution discovered 

3 4 17 No attribution discovered 

4 2 22 No attribution discovered 

5 5 18 No attribution discovered 

7 4 15 No attribution discovered 

8 3 14 Suspects observer 
Swivel 9 4 23 No attribution discovered 

11 3 24 No attribution discovered 

16 4 21 No attribution discovered 

19 5 18 Suspects observer 

21 4 22 No attribution discovered 

23 1 18 No attribution discovered 

A vera2e score 3,67 19,50 
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As can be seen in the table above, none of the people who underwent the image scenario 
attributed the failure to the TV. Three participants gave no attribution; the rest attributed the 
failure to the signal, cable, or tuning. Research in the field of failure attribution and consumer 
behavior states that not all obstructions are equally frustrating, and the severity and 
unexpectedness of the failure will also factor into the strength of the response [Bar77]. In 
addition, if individuals perceive that the thwarting was justified by socially acceptable 
phenomena (e.g. problems with the signal or cable company), as opposed to being arbitrary, the 
frustration response may be minimized [Bar77]. Since most people have experienced a cable 
disruption at home and know that this might happen again, this finding suggests that if the 
failure in the image would have been attributable to the TV, the irritation of the participants 
may have been higher. This would suggest a stronger relationship between FI and UPFS than 
the one that was found in the previous chapter. Although it was made clear to the participants 
that they have to imagine the failure is attributable to the TV when filling in the Exit2-form, 
they may have related their answers directly to the situation in the experiment. 

The people in the swivel scenario reported no attribution; two of them suspected the observer 
for the failure. The irritation scores for those two are lower than the average scores for the 
swivel scenario. This may be due to the lowering of expectations because of extra information 
available to the individual [Bes02]. It is the anticipation of success that affects frustration, and 
not the actual achievement of the goal. Therefore, if individuals expect to be obstructed or have 
a low expectation of success, frustration may be minimized [Bes02]. Although it was made 
clear to the participants that they have to imagine the failure is attributable to the TV when 
filling in the Exit2-form, the two participants that suspected the observer may have related their 
answers to the experimental situation. It may be because these participants suspected the 
observer, and therefore expected to be obstructed, that their level of irritation is lower than the 
average. 

10.2 Revision of the initial research model 

The introduction of failure attribution resulted in a different view on the results obtained with 
the experiment. It seems that when people attribute the failure to something that is socially 
acceptable (such as e.g. the signal or cable), instead of to the product itself, frustration may be 
lowered or minimized. Therefore, failure attribution is added, as a new failure characteristic, to 
the initial UPFS research model of De Visser [Vis07], as presented in chapter 1. In the initial 
model there were two independent variables selected to model UPFS, namely Function 
Importance and Failure Impact. It appears to be hard to influence the impact of the failure, and 
especially to formulate a measure for failure impact that is constant across scenarios. Failure 
impact of 100% is easy to obtain, but any other impact is hard to realize and specify, especially 
for the motorized swivel. Also, it was found in section 9 .4 that any demerit in the quality of the 
image resulted in user satisfaction. This is an indication that failure impact may not have a big 
influence on UPFS. Therefore, failure impact will be excluded from future research because of 
practical grounds and the finding described above, and is seen as an extraneous variable from 
now an. The revised research mode! can be seen in figure 10.1. Function Importance and 
Failure Attribution are the independent variables of which the relationship with UPFS will be 
investigated. The extraneous variables - the other identified failure characteristics that might 
influence UPFS, as identified in section 2 (see table 2.1), and the user characteristics - have to 
be kept as constant as possible. 
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Figure I 0.1: Revised UPFS research model 
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The revised research model calls for further research to determine the relationship between 
UPFS, the newly introduced characteristic failure attribution, and function importance. The 
extra arrow between failure attribution and user characteristics is bilateral. It is expected that 
failure attribution and user characteristics have an interaction effect that is hard to exclude 
because users can attribute failures to many different things. This was found in the failure 
attribution analysis of the image scenario where the bad image was attributed to e.g. the signal, 
the cable, the tuning, and the weather. However, this interaction could be secured in future 
experiments by providing an attribution for the failure to the participants. Recommendations for 
further research and a newly designed consumer experiment are made in section 11.2. 
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11. Conclusions and recommendations 

This chapter presents the conclusions for this research and recommendations for further 
research. First, the conclusions will be presented; these will be divided in conclusions regarding 
the main research question and additional conclusions. The additional conclusions are important 
findings that exert influence on the answer to the main research question found in this research. 
Furthermore, recommendations for further research regarding the development and validation of 
the UPFS model are provided in the final paragraph. 

11.1 Conclusions 

The overall conclusions to this research should provide an answer to the main research question 
that was formulated as a result of the research problem described in chapter 2: 

To what extent does Function Importance influence User Perceived Failure Severity? 

It was hypothesized that failure of a function with high perceived importance results in higher 
UPFS than failure of a function with low perceived importance. In search for an answer to the 
main research question and a foundation for the hypothesis, a theoretical framework was 
presented in chapter 3. The theoretical framework encompassed the definition of a function and 
the definition of FI in the context of this report. To measure FI of the different functions of a TV 
in a survey, the Ratings of functions on a Pre-established List (RPL) method was selected from 
the various different methods developed and described in literature. This method was adapted to 
this situation and optimized for use in this research. To determine the rating given to the 
different functions, the Direct Rating method was chosen for weight elicitation, meaning that 
every function is rated on a scale from 0-10. A list of functions of a TV was drawn up from 
several sources, according to the definition of a function made in the theoretical framework. 
This list of functions was drawn up for use in the FI survey. The results of the survey contained 
a ranking of the different functions of a TV on importance. This ranking was used to select two 
functions for use in the consumer experiment; one function with high perceived importance -
watching the desired program - and one function with low perceived importance - use of the 
motorized swivel. The consumer experiment was set-up to determine the relationship between 
FI and UPFS by measuring user-irritation after failure of the function with high importance and 
after failure of the function with low importance. The results of the consumer experiment, 
which provide an answer to the main research question, will be discussed in the next section. 
Furthermore, resulting from the outcome of the experiment a new failure characteristic, namely 
failure attribution, was introduced in chapter 10. This characteristic influenced the results of this 
research and should be taken into account when conducting further research. 

11.1.1 Conclusions regarding the main research question 

The results of the consumer experiment, which were described in chapter 9, provide an answer 
to the main research question. The level of irritation of the participants in the experiment was 
measured by means of an exit-questionnaire. The exit-questionnaire measured UPFS by means 
of 5 emotional responses to the failure experienced in the experiment. The scores on likelihood 
of the responses were added up for every participant resulting in an irritation score. Comparison 
between the mean scores on UPFS for both scenarios showed that the 'image scenario' group 
had a significantly higher UPFS than the 'swivel scenario' group. Furthermore, it was shown in a 
correlation analysis that the items 'scenario' and 'UPFS' are correlated, which means that UPFS 
was higher for participants in the image scenario than in the swivel scenario. This also supports 
the hypothesis that FI influences UPFS. Furthermore, there was a moderate correlation between 
the actual FI rating given in the experiment and the UPFS resulting from the failure. Based on 
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the information described above it can be concluded that failure of a function with high 
perceived importance results in higher UPFS than failure of a function with low perceived 
importance. Hence, FI does indeed influence UPFS. 

11.1.2 Additional conclusions 

As explained in section 9.4, the experimental design intended by the researchers differed from 
the actual situation because failure impact was only marginal for the image scenario, since some 
channels were still high quality after failure. This indicates that the irritation scores in the image 
scenario may have been higher if the quality of the image before failure was perfect and if the 
impact of the failure was actually 100%. This matter suggests a stronger relation between FI and 
UPFS than the one found above. 

Since every participant in the image scenario did not attribute the failure of the image to the TV 
but to the signal or the cable company or gave no attribution, a new failure characteristic was 
introduced: Failure Attribution. It was shown that if individuals perceive that the failure is 
justified by socially acceptable rules ( e.g. problems with the signal or cable company), as 
opposed to being arbitrary, the frustration response may be minimized. The experiments 
indicate that FI has a significant influence on UPFS, but if the failure in the image would have 
been attributable to the TV, the irritation of the participants in the image scenario may have 
been higher. This would suggest an even stronger relationship between FI and UPFS than the 
one that was found above. 

The results obtained in this research give a good indication of the influence of FI on UPFS, but 
additional research will be needed for a sound foundation of the suggested UPFS model. 
Because the initial UPFS model, as presented in chapter 2, did not seem to be complete, this 
model was revised in the previous chapter. Failure impact is excluded from the list of 
independent variables that are expected to influence UPFS, and is from now on seen as an 
extraneous variable. Failure attribution is added to the list of independent variables as a new 
failure characteristic that has an interaction effect with user characteristics. This adaptation of 
the research variables is expected to result in a thorough UPFS model, which can be validated 
after further research and the execution of new experiments that encompass failure attribution. 
Recommendations for further research will be made in the concluding section of this report. 

11.2 Recommendations for further research 

The conclusions that were described in the previous section state that FI does influence UPFS. 
There are however some issues that have influenced the results of this experiment and should be 
taken into account when conducting further research in this area. These will be described below. 

First of all, as mentioned above, the quality of the image was not 100% when the TV 
was in the initial state. The signal disrupter that was used to initiate the failure disrupted 
the signal a little bit when the device was turned off. This resulted in quality 
degradation of some channels when the TV was in its initial state. Also the impact of 
the failure was only marginal, since some channels were still of good quality during the 
failure. To eliminate this issue in future research, the signal should be rerouted so that it 
does not pass the disrupter when the TV is in its initial state. In this way the original 
signal is used to broadcast the channels which results in a high quality picture. This will 
eliminate the perceived failures in the image, for people who should only experience a 
failure in the motorized swivel. Furthermore, only channels that fail completely have to 
be installed to be sure that the participants experience an actual failure impact of 100%. 

Also, failure attribution should be involved in future research regarding UPFS. In this 
research failure attribution was only added after the experiments were analyzed, which 
resulted in a failure attribution analysis that was not as complete as desired due to 
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incomplete data. In future research, failure attribution should be actively involved as 
described in the previous section, so that a thorough analysis on this topic can be 
performed. 

Furthermore, the sample used in the experiment was rather small (25 participants) due 
to budgetary constraints. To be able to generalize the results from this research and 
substantially ground the UPFS-model described in chapter 1, further experiments have 
to be carried out. To ascertain that a substantial amount of persons are willing to 
participate in these experiments, a short experiment has to be designed which will take 
15 minutes at most. Because budgetary constraints will also be a factor in future 
experiments and a larger sample would require a larger budget for compensation of the 
participants, another form of compensation is desired. This could be arranged by means 
of a lottery in which all participants of the experiment take part and some nice prizes 
can be won. 

In the newly designed experiment function importance and failure attribution can both be seen 
as factors with two levels. A function with high perceived importance - 'watching the desired 
program' - and a function with low perceived importance - 'use of the motorized swivel' - can 
again be used in the experiment, resulting in two levels for this factor. Failure attribution can be 
divided into internal and external attribution. Internal attribution means that the failure is 
attributed to the TV itself and external attribution means that the failure is attributed to 
something outside the TV (which can be a socially acceptable phenomenon like a signal or a 
power disruption). This results in an experimental design with four failure scenarios, namely 
high importance-internal attribution, high importance-external attribution, low importance
internal attribution and low importance-external attribution. To keep the time for each 
experiment low and to be able to obtain as much results as possible from one experiment all 
failure scenarios can be presented in a short film, after which participants are asked for a 
response to those failures. 

The topics described above form the basis for further research in this area. Future experiments 
conducted to construct a thorough UPFS model should take these topics into account. The 
correlation between FI and UFPS found in this research was moderate and by taking into 
account the findings of section 9.4 and chapter 10 and the comments made above, it is expected 
that a stronger relation between FI and UPFS can be determined. 
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Appendix I. Philips 42PF9830/10 LCD-TV 
widescreen flat TV with Pixel Plus 2 HD and Ambilight 2. channel 
42" LCD HD Ready 

Bas Gielen 

42PF9830/ IQ 

Product highlights 

LCD Full HD dl•pl:>y 1920xl080p 
This display has a "~soiUtion that rs: re.'~rred to as Fi. i: 
HD_ Wit~ state-o(-thc--0rt LCD =n iecr,miogy it has 
the p .. ;; high-defHJiticn wides=:, r=i/utior; of i 920 ,.
/ 080p_ This is the highert resolution that HD broadcast 
can !rcmmit. It t:P.ow. the best possible picn,re qlJa!ity 
fn,,n anr formct of HD input •ignal it p.mdua,, 
brimant (rKker,(,,e progressive sc11n pict.J:e• with 
optimum brig'rtrM,,s and .,uperb co.'o11rs. This vibrar,t 
a11d thcrf} imag~ will prO'tide you with an enhtrrced 
vi-ewing experd!nce .. 

HO Ready 
fo]Dy tile exceptional p:aur• q~ali'!y of a true High 
De/ir.it!on TY signal and be fi;i!y prepu~ed (or HD 
sources ii.ire HDTV b.'Oadcast, Bi~-ray DVD or HDVD_ 
HD read-f i• a proteaed label that aff•e; pictilr< quality 
beyor.d that of progre,ss;..,, scar._ I! coo.,forms to stnct 
,tamlar<!s laid oot by EJCTA w affe_r a HD saten that 
dlipfays rhe /Jenef,rs of rew/utioo and picru-e quo/i!y of 
a High De(ir.itlon TV .ig,,c:f_ ftha~ a wlive!'S<J! conneaioo 
for baih analogue YPbPr end uncampres,ed Digital 
conn~Jon <>f DVI or HDMI, supporneg HDCP_ It can 
displat 720p. and I 080i signo1s at 5D end MHz_ 

Pixel Plus l HD 
Pixel Plus 1 HD a/fees che unique combinal/oe of 
ultimat.e sharpness, natural detail, increased depth, 
livid co/cue; and ,moot/, and nawral morion from 
stamiard IY, Hifi> Depnition •igrals end mllltimedia 
source<. Each pixol of.lhe incoming picu,re is enhanced 
to better match tile surrwr.<ling pixels. rem/ting in a 
more lKJWrai pktut't'. Ar~focts .'n corr.press~ 
tm,/timedia content are dex=ed and reduced, ensaring 
d,at ,:he pierure I< de<in end r<JZot sharp-_ Digtto1 noise 
n,duction ensures ti:at the picture Is- pe,f,c,Jy smoorh 
yet razor sharp_ 

Ambilight l ch:,,nnel 
,',mMig/:t maU5 an :mprasi~ cosLil>lrtioo to t/,e 
o·,,eraHV:ewinge:iperier.ce .by producing ambrem hght to 
compkme1ruhe co/oi;r, a/Id light !ntensizy ofm• on
screen imagl'. It adds a new dimension to the viewing 
e><pcrience, co.Trple~lj in1mersing you into the co,,tent 
you ore watdtfrlg. It create.s ambiance, .s:timu:!ates more 
relaxed riew1ng, and improve> percei>'ed p!aure dewii, 
contrast and <a/our. Atnbi/lgilC ciJ!amatk,l'fy and 
ir.depcmknt!y odapa its coiour< aaording ro !he 
changing com,,nt or, tJie sc=-

J:l:>t NXT monolith speakers 
The gn,und-breoking NXr'" sa,face sound prrndple 
ha, beffi fi,rrr.er d~oped into th, monolith specicer 
tec1'1no!ogy .. which octuo',f u~s !he outer surface of the 
TV oobinei_ ,,. the opeaker merr:bra~. The •~au,s• 
a-re now virtJJalty invisible, bringing a .stunmng design, 
a,od o pull end direct .sound rndio!Jort 

Bypacked motorised 1wivelstand 
The h:glr-quc,ity stand is des:gn-,d specI;.wfly far d;;. 

TY, llrnl 1'au·1,'ultes ea.I'/ pli.c=ent of your Flat TV 
without dr.i.1ing holes in ti-"' wall_ fnjO'j tr.,, f,r,g~r-tip 
a,n-,cnience offincf,,g :l,e b6t viewing angle and c/Je 
magic effect of the motorised swivel operated by :he 
TV's remote control_ lt rotates over a total ror.ge of 60 
degree• ( 30 degrees each s'de), with memort positiom 
for th~ ce,,:rc/ and 'prevknls posilior, '_ Invisible Coble 
munagement is inc'uded in the ilcd<_ This surnd is 
designed to fit 011 rhe matching ca:e!/SOry ffao=nd_ 
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widescreen flat TV with Pixel Plus 2 HD .and Ambilight 2 channel 
42" LCD HD Re•dy 

Specifications 

Picture / Display 
Aspec.t r.itio: 16:9 
Br 6ht1·es•<, 550 cdlm' 

• Diagonal '>:reen ,iLe: 42 inch i I 07 cm 
Di•pl.1y ,creen type: LCD Full HD W-UXGA 
Act. rmtrix 
P\:ture en~.;nc.en1ent: Progreisive: ,can, JO 
combfliter, Active Control & Ught ,en,or, 
Dlginl Natura! Mot1on,Jag;i:ed line 5uppre55ion, 
Mov~ plus, Wlde,crf!en plus, Pixel Plu, 2 HO, 
Dynamic contrast enhancement 
Sc•een enhance-ne!lt: Anti refl~on coated 
t.c:re~ 
V1ewirg Ang~ i'·l 11,i: 1761 176 degr~ 
Panei resoiut.o : !920x I 080p 
Re ; pon,e time ltypic,11: 8 ms 
Dym1mic scree:,1 ccntn .i:t 4000: I 

Ambilight 
/>,r,o,Jight fem1res: Ambilight 2 Cham,ei, Auto 
adaptive to video content. 2 Chan~I left/Right 
control 
Colour 1etw1t;e< Furl Muiti-Colour 
Dlmmin,6 function: Manual .and via light sen5or 
Preset mode.: 2 Pres& & l Personal colour, ◄ 
Active. Adaptl\le mode.s 

Supported Display Resolution 
Ccmputer fcrn,a0 
Re.solution Refresh ral:e 
640 x 480 60Hz 
BOO x 600 60Hz 
I 02◄ x 768 60Hz 
Video fom·,ati 
R601ution 

640" ◄80! 
640 X 480p 
72-0x576i 

nox 576p 
)280 X 720p 
)920 X 1080i 

Sound 

Refresh rate 
IFh 
2Fh 
IFh 
2Fh 
3Fh 
2Fh 

Scund enhanc~meat Auto volume leveller, 
Digital sigml proce.,ing, Dynamic bas, 
enilance.ment, Graphic equalher 

zg 1-01( bl( . . zg 
1G 

Rear «innecton 

Side conMcton 

Bas Gielen 

r«W1'Ni':H! i !IIL 
I I LC ! 1G 

• Soun•i sy,te'11: Virt~I Dolby Digiral 
• O • tput power [RMS): 3x I SW 

Loudspeakers 
Bu,:t-tn •pea,cer~ 3 

• l c,:,.<l.1pe,.ker types: Flat NXT monolith 
speakers, lntf!gratl!d subwoofer 

Convenient;e 
Ea:;e of in~ t.alli!ioo: Auto p.rognn,me namingt 
Automatic Channel Install (ACI), Automatic 
Tuning System (ATS), Auto store, Pll digital 
tuning, l".ug & Ptay 
Ea~e d U;,:; On .s,crccn display, Program 11st, 
Smart picture control, Smart sound control 
Rem me con\rol type: RC4310 

• Teletext 1200 pag,e hypertext 
T ele,,,xt e~hancemem.s: Habit watch, Program 
information line 

• Picture ,n Picture: Full dual st:reen (2 tuner,), 
Mosaic, Text dual screen 
Remote controi: Amp, DVD, DVD-R. S,t, 
Umvcrsal and leam2ble, VCR 

• Screen ro:mn t adJu~•irem:~: 6 widescree:n 
modes; Auto format. .Subtitle and ~ding ,hift, 
Movie expand 14:9, Movte expand 16:9, 
Widescreen, 4:3, Super Zoom, Subtitle Zoom 
C x k: Smart clock 
CMd Pr .:>tec .. on: Child lock & parental control 
C=ectioo er.h, com•nt: Easy link 

Multimedia. Applications 
Dig,ral content mamgement: Digital Media 
Reader 
Me'!>ory ca, d types, Compact Ra,h type I, 
Compact Ila.sh ~ U, M"'nol')' stick, Mic,-o 
drive, Multi-Medi• Card (MMC), Secure. Digital 
Card (SD), Smut M...:la1 Card 

• M~;timedia connecucn•: Ethemet-\JTPS, UPnP, 
USS, Wifi (opt Ethe.rnel-bridge) 
Fh ybaclt formats: DtvX S, JPEG still pic.tures, 
MP3, MPEG I, MPEG2, MPEG4, Slide.show fi'.e, 
(.alb), XviD 

Tuner/ Reception / Transmission 
• T, .. ..er ban:ls: Hype,- band, S channel, UHF, VHF 

"l" i ? :~:TI 
I t ; .. 

-

42PF9830/IO 

• T'I ,y,ter>: PAL, SECAM 
V ,fo c, playbxf-: NTSC, PAL, SECAM 

• Ae, •I input: 75 ohm coaxtal (IEC75) 

Connectivity 
• Ew. I Sc.art: Audio UR, CVBS in/out, RGB 

E:,t 2 Scart: Audlo UR, CVBS in/out, RGB, Y/C 
E:, t J Scart: Audio L'R, CVBS in/out 
Ext ": S/f'DIF digital coallial, Yl'bPr 
E~ S: OVl-1 with HDCP, YPbPr 
Ext 6: HDMI 
Ext 7: Ethemet RJ-45 
06er connection.: Arnllogue audio J,,ft J right 
out. 5/PDIF in (coaxial), SiPDIF out (coaxial) 
Fn:mt I S'ide cemnectiom : 2 x USB, Audio UR in, 
CVBS in, Headphone out, Multi-.slot memory 
card reader, S video in 

Power 
• Pc·wer consumption; 239 W 
• Stm.:ty power ccnsi.mptloo: I W 
• Mai, < power. AC 220 - 240 V +/- I 0"/4 
• Ambient :emperature: +5 -/+ 40 C 

Dimensions 
• Product weight: 36 ~ 
• W<!ight inc.I. pocf·ll;l ng; 58 kg 

Cdlcur co bi net Pearl white ,ilve,- ( I l092} 
• Box <Jime<>sions ( N x H ,c D): 

1330 x. 960 x 330 mm 
• Set dimen,ic-n-, f:N x H " D): 

1238 x 755 x% mm 

Accessories 
biclude<f acce· 'Orie,, DVH to VGA adapter, 
Motorised RC swivel .stand, Wail mounting 
bracket 
Option.ii u ces,orie,: 5 in one connection cable, 
Roar ,taod 
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Appendix II. Function Importance Questionnaire 
Bedankt voor je dee/name aan dit onderzoek! 

Het invullen van de vragenlijst duurt ongeveer 8 minuten. 

Deze enquete begint met het geven van een score aan de verschillende functies van een TV. Daarna 
volgen een aantal algemene vragen en een korte persoonlijkheidstest. 

Het kopen van een nieuwe TV is zowel een tijdrovende als een moeilijke beslissing. Stelje voor datje, na 
een uitgebreide orientatie, een aantal potentieel geschikte TV's hebt gevonden in jouw prijsklasse. 
Hieronder staat een tabel met functies, die gebruikt kunnen warden om de TV's te beoordelen. Geef elke 
functie een score tussen de 0-10 in overeenstemming met hoe belangrijk die functie is in jouw keuze voor 
een bepaalde TV. De scores hoeven niet op te sommen tot 10, je kunt de eerste functie een rating van 8 
geven en de tweede een rating van 5, etc. Een hoge score betekent dat je die functie belangrijk vindt in 
. k hf JOUW euze voor aansc a . 

Functies Score 
Kijken van bet gewenste programma 

Kijk het gewenste programma op TV, zonder mankementen in beeld en geluid. 

Gebruik van teletekst 
Gebruik teletekst en alle functies die ertoe behoren. 

Automatiscbe zender installatie 
Automatisch instellen van de tv-zenders op kanalen, zonder je eigen voorkeuren in acht te nemen. 

Handmatige zender installatie 
Handmatig instellen van de tv-zenders op kanalen die door jou gekozen zijn. 

Instellen van voorkeuren 
Stet jouw voorkeuren voor beeld, geluid en diversen in. Voorbeelden hiervan zijn, contrast, helderheid, 

hoge en !age tonen, balans, surround sound mode, ondertitel opties etc. 

Switch on timer 
Schakel de TV automatisch in op een ingesteld tijdstip op de gewenste zender vanuit de stand-by stand. 

Sleep timer 
Stel een periode in waarna de TV automatisch naar de stand-by stand overgaat. 

Kijk twee programma's tegelijk 
Kijk twee programma's tegelijk met Picture in Picture (PiP). In het hoofdscherm wordt een subscherm 
opgeroepen waardoor je naar twee tv-zenders tegelijk kunt kijken, of naar een zender en teletekst. Voor 

een grafische weergave, zie bijlage 1 op blad 5. 

Kinderslot 
Zet een kinderslot op bepaalde programma's of zenders (met programmering ongeschikt voor kinderen) 

om ze te vergrendelen. 

Mute 
Schakel het geluid van de r✓ uit, met een druk op de knop. 

Veranderen van bet beeldformaat 
Selecteer het gewenste beeldformaat. Verschillende beeldformaten zijn: Automatisch, Super zoom, 4:3, 

14:9, 16:9, Ondertitel zoom en Breedbeeld. Voor een grafische weergave, zie bijlage 2 op blad 5. 

Vorige Tv-zender 
Schakel tussen de Tv-zender waar u nu naar kijkt en de zender waar u het laatst naar gekeken hebt door 

een druk op de knop. 

Gebruik van de gemotoriseerde draaivoet 
Gebruik de gemotoriseerde draaivoet om het scherm te draaien tussen + en - 30 graden, voor een optimale 

kiikhoek. Voor een grafische weergave, zie biilage 3 op blad 5. 
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Algemene vragen 

1. Wat is je leeftijd? 

□ <20 
□ 20-25 
□ 26-30 
D 30> 

2. Wat is je geslacht? 

□ man 
□ vrouw 

3. Ben je een student? 

□ ja 
D nee 

4. Zo ja, welke faculteit en generatie? 

5. Hoe duur is de duurste TV in jouw huishouden? 

D <€ 500 
D €500-€1000 
□ >€ 1000 
□ weet ik niet 

6. Hoe oud is die TV? 

□ < 2jaar 

□ 2-6jaar 
D > 6jaar 

□ weet ik niet 

7. Welke van de volgende functies weet je zeker dat die TV bevat? 

□ a. Teletekst 

□ b. Automatische zender installatie 

□ C. Handmatige zender installatie 

□ d. Instellen van voorkeuren voor beeld, geluid en diversen 
0 e. Switch-on timer 

□ f. Sleep timer 

□ g. Picture in Picture 

□ h. Kinderslot 

□ i. Mute 

□ J. Veranderen van beeldformaat 

□ k. Vorige zender 

□ 1. Gemotoriseerde draaivoet 
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Persoonlij kheidstest 

Deze schaal bestaat uit een aantal woorden en korte zinnen die emoties en gevoelens 
beschrijven. Bekijk iedere beschrijving en geef een geschikt antwoord in de lege ruimte voor 
het woord. Geef hierbij aan in we)ke mate iii ie in bet a)gemeen zo voe)t. Gebruik de volgende 
schaal om je antwoorden te beschrijven. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1: een heel klein beetje/helemaal niet 
2: een beetje 
3: gematigd 
4: behoorlijk 
5: extreem 

__ vrolijk 31 actief 

walgen van 32 schuldbewust --
oplettend 33 opgewekt --
beduusd 34 nerveus 

lui 35 eenzaam 

moedig 36 slaperig 

verbaasd 37 uitgelaten -
sterk 38 vijandig 

minachtend 39 trots 

ontspannen 40 zenuwachtig 

prikkelbaar 41 levendig 

_opgetogen 42 beschaamd 

ge"inspireerd 43 op je gemak -
onbevreesd 44 angstig 

walgend van jezelf 45 suf --
verdrietig 46 _ boos op jezelf 

kalm 47 enthousiast 

bang 48 terneergeslagen 

moe 49 bedeesd 

verwonderd 50 van streek 

rusteloos 51 schuldig 

22 _gelukkig 52 aandachtig 

23 timide 53 bevreesd 

24 alleen 54 versteld staan 

25 alert 55 ge"interesseerd 

26 overstuur 56 at1<:eer hebben van 

27 boos 57 zelfverzekerd 

28 dapper 58 energiek 

29 zwaarmoedig 59 geconcen tree rd 

30 verlegen 60 ontevreden met jezelf --
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Persoonlij ke gegevens 

In het kader van dit onderzoek zal er een consumenten experiment plaatsvinden. Deelname 
aan het experiment omvat het testen van een LCD-TV op fouten in een testomgeving. Het 
experiment duurt ongeveer 40 minuten. Deelnemers ontvangen een vergoeding. 

Zou je mee wiJlen werken aan deze consumenten test? 

□ 
in 

□ 
in 

□ 

Ja, 

misschien, stuur mij meer informatie s.v.p. 

nee 

Voornaam: 

Achternaam: 

E-mail: 

Tel-nr.: 

Faculteit: 

Generatie: 

Ge boortej aar: 

vul aub je gegevens hieronder 

vu! aub je gegevens hieronder 

einde vragenlijst 

Bedankt voor bet invullen van de vragenlijst! 
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The Drew Carey Show TBS 26 
. Live TV 

08130/2005 3:30PM • 4 .00PM 30 Min 3·33 PM 

Bijlage 2. Veranderen van beeldformaat 
OJ Beeldformaat 

Wbill ~ ~ 0 o. ___ .. c W'Q9i 
1n ... .... a, 

Autom, format Sup«:mom 4:3 F~mfomlllat 14:9 

Autorn. formaat rorgt ervoor dat het scherm zoveel mogelljk met beeld gevu(d ls. 
lndien er ondertltels In de zwarte balk onderaan het scherm vallen, maakt Au tom. 
formaat de ondertltels zlchtbaar. lndlen een logo van een zender In de hoek van 
de zwane balk bovenaan het schenn vale, ver<lwljnt het logo van het scherm. 

Super zoom verwijdert de zwarte bllken aan de zltkanten van 4:3 programma 's, 
met een minimum aan vervormrng, 

Bijlage 3. Gemotoriseerde draaivoet 
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Appendix III. Overview of survey results 

In the table below on the left are the respondents followed by the ratings on the different 
functions. 

Table B 1. Ratings of functions 

Respondent Fll FI2 FI3 FI4 FIS FI6 Fl7 FIS FI9 Fil0 Fill Fll2 FI13 

1 10 8 9 7 6 0 6 0 10 6 8 0 

2 9 7 8 8 8 6 5 5 5 8 7 5 6 

3 9 7 6 6 4 1 1 4 0 6 8 8 0 

4 9 3 5 6 6 6 2 7 2 8 7 9 7 

5 9 5 5 7 6 3 3 4 3 7 5 8 7 

6 9 5 8 7 8 3 7 7 7 8 8 4 6 

7 10 5 8 10 8 2 7 5 1 10 9 10 3 

8 10 3 5 10 8 0 0 3 0 9 0 3 0 

9 10 5 9 8 7 2 2 8 5 8 6 5 3 

10 10 4 3 10 9 2 2 8 2 8 10 2 2 

11 8 4 2 9 7 0 0 0 0 0 8 8 0 

12 10 6 5 8 7 3 2 4 8 9 9 2 

13 10 3 7 6 7 6 6 5 6 5 6 7 7 

14 10 5 10 7 0 0 0 0 10 8 7 0 

15 10 3 5 7 8 1 4 6 4 8 5 6 4 

16 9 2 8 8 5 5 7 2 9 7 7 7 

17 10 2 1 10 6 3 7 0 8 8 5 6 

18 10 7 8 8 8 0 0 4 2 8 8 6 7 

19 8 0 5 8 8 5 0 0 0 10 0 0 0 

20 8 4 5 7 7 4 4 4 4 8 4 9 4 

21 10 4 3 8 8 7 4 6 2 7 8 9 5 

22 8 8 7 7 7 6 3 3 3 8 7 3 2 

23 9 6 4 7 9 2 3 8 7 9 8 8 4 

25 10 7 8 4 4 2 2 1 5 8 5 1 

26 10 7 5 8 7 4 4 8 8 10 9 6 7 

27 8 4 7 2 9 5 6 9 6 9 8 

28 10 7 4 8 4 2 4 2 6 7 4 6 2 

29 10 7 8 7 8 6 6 7 7 8 8 7 6 

30 8 6 7 7 5 2 3 7 6 9 7 9 8 

31 10 8 5 8 8 0 0 2 0 7 10 10 0 

32 8 6 6 7 9 2 2 2 8 5 4 

33 10 9 2 8 5 0 1 3 6 7 5 4 1 

34 10 6 8 5 7 4 4 4 7 8 8 8 

35 9 1 6 9 g 2 2 2 2 6 8 8 7 

36 10 7 2 10 6 1 1 1 I 3 2 2 1 

37 9 7 6 7 7 5 4 3 3 6 4 7 5 

38 10 9 9 5 7 0 3 6 3 8 7 2 5 

39 10 5 6 8 8 2 2 4 6 9 5 5 3 

40 10 10 7 8 6 6 6 6 6 7 4 6 

41 8 4 6 8 6 2 2 2 2 4 7 5 5 

42 8 8 6 7 7 4 4 7 4 8 8 8 7 

43 10 7 8 8 6 0 0 4 7 8 8 3 

44 9 8 8 7 6 4 6 7 4 7 5 8 3 

45 9 9 8 6 7 3 3 3 3 6 7 6 4 
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46 8 7 7 6 5 3 6 5 7 7 6 4 4 

47 8 6 6 6 8 4 2 3 4 7 0 6 7 

48 10 8 5 7 2 2 4 6 2 7 3 2 1 

49 8 8 5 7 7 4 4 7 5 6 7 5 6 

50 9 2 0 0 0 0 0 8 0 8 0 7 0 

51 10 10 3 10 10 2 7 l 10 10 4 2 

52 10 8 6 5 7 7 0 0 2 3 5 6 

53 10 3 0 7 6 0 0 0 7 8 0 

54 9 6 5 5 8 2 2 3 2 4 7 8 5 

55 10 7 3 8 8 1 8 10 6 3 0 

56 10 6 8 9 6 6 7 0 10 10 9 0 

57 10 8 6 10 6 l 1 1 5 5 1 1 

58 9 8 7 7 7 2 5 6 l 3 6 6 7 

59 10 9 2 8 9 7 7 7 6 8 8 6 6 

60 10 8 7 9 10 4 5 0 0 10 6 8 0 

61 10 3 6 8 8 4 3 5 0 7 6 7 4 

62 10 10 9 9 9 2 7 9 9 8 5 

63 10 6 l 5 8 9 2 2 7 5 6 l 

64 10 7 8 7 7 2 4 2 5 8 5 1 

65 10 9 2 9 8 2 2 5 2 7 8 7 8 

66 8 5 9 l 7 2 3 0 6 8 4 7 8 

67 10 8 7 7 8 l 1 3 4 8 7 

68 8 10 3 7 3 4 6 6 2 7 5 8 2 

69 10 5 2 7 8 2 l 8 8 8 5 

70 10 2 3 8 8 2 2 4 7 5 7 2 

71 9 8 2 1 3 l 3 6 5 6 2 

72 8 6 5 6 8 8 6 9 5 9 6 3 4 

73 8 8 8 8 8 6 5 5 5 8 8 8 5 

74 9 6 5 6 7 6 8 7 4 9 8 5 8 

75 9 7 9 8 6 8 3 7 8 2 

76 10 7 5 5 7 0 0 0 3 4 4 0 

77 9 8 8 6 5 2 6 8 7 7 7 3 

78 10 7 5 10 8 0 3 0 4 8 5 5 4 

79 10 2 8 2 7 1 0 8 8 8 9 

80 10 2 8 9 7 6 6 8 7 10 

81 9 6 5 7 5 1 2 4 5 8 6 8 4 

82 10 8 5 7 6 4 5 6 7 8 6 7 8 

83 9 5 6 6 6 5 4 4 6 6 4 4 4 

84 8 7 7 7 6 0 0 2 0 7 3 5 2 

85 9 3 6 9 9 1 1 7 8 3 9 5 

86 10 8 8 8 7 4 4 3 1 8 7 7 1 

87 10 2 1 6 8 1 1 I 1 7 7 8 3 

89 8 8 6 8 6 5 8 5 5 8 8 9 9 

90 8 5 6 8 8 7 3 4 6 8 7 3 2 

91 8 3 6 6 7 8 7 2 8 6 5 6 7 

92 9 8 5 7 7 5 5 5 5 7 5 6 3 

93 10 2 8 8 8 3 2 5 2 7 7 8 6 

94 10 6 8 8 8 1 3 7 10 3 6 

95 9 7 5 5 7 3 6 I 2 5 9 2 5 

96 10 8 5 8 5 0 0 0 0 8 8 6 1 

97 9 9 7 6 6 2 2 5 5 8 8 9 4 

Bas Gielen 78 



TU/e 
technische universiteit eindhoven 

The influence of Function Importance on User Perceived Failure Severity 

98 8 8 6 7 8 5 4 5 3 7 6 6 7 

100 8 6 7 7 6 4 3 2 1 7 8 8 0 

101 8 6 8 7 6 0 3 0 0 7 7 8 5 

102 8 6 7 7 9 0 0 0 6 6 7 2 

103 8 8 7 5 5 5 5 5 5 3 3 3 3 

104 8 8 2 2 2 3 3 2 2 2 2 2 2 

105 10 9 8 8 6 3 3 5 2 7 6 6 5 

107 9 6 8 10 10 4 4 5 5 8 9 10 5 

108 9 6 5 5 8 0 0 4 0 9 7 10 8 

109 9 7 5 9 8 2 2 6 2 8 7 10 8 

110 9 4 6 7 7 2 3 5 2 7 5 4 7 

111 9 2 9 9 9 0 0 5 0 7 5 7 5 

112 8 5 4 8 7 1 l 3 9 6 7 7 

113 10 7 6 8 9 8 8 9 6 7 8 8 4 

114 8 7 6 7 7 6 6 8 6 8 7 8 7 

115 10 5 2 6 6 4 l 8 1 

116 10 6 5 8 6 0 0 0 4 7 6 6 3 

117 9 7 3 8 7 1 6 6 7 4 

118 9 7 7 6 7 l l 3 7 6 7 3 

119 9 2 2 7 6 0 0 1 8 8 7 6 

122 10 7 7 7 7 5 5 6 5 9 9 7 9 

123 9 7 7 8 8 9 9 8 5 6 7 5 4 

124 10 8 8 5 3 2 2 4 2 7 7 8 4 

125 10 9 5 5 7 4 3 8 2 8 8 4 

126 10 8 9 7 7 1 1 1 1 7 3 6 1 

127 9 9 10 7 8 5 5 8 3 4 8 8 9 

Number 121 121 121 121 121 121 121 121 121 121 121 121 121 

Avg. 9,26 6,13 5,63 7,05 6,88 2,74 3,14 3,95 3,07 7,13 6,26 6,24 3,86 

Stdev. 0,81 2,25 2,32 1,96 1, 71 2,26 2,37 2,57 2,50 1,93 2,19 2,35 2,64 

In table B2, an overview of the answers to the general questions can be found. A legend of the 
symbols used in the overview can be found below the table. 

Table B2. Overview of general questions 
Respon-
dent Algl Alg2 Alg3 Alg4 Alg5 Alg6 Alg7a Alg7b Alg7c Alg7d Alg7e Alg7f Alg7g Alg7h Alg7i Alg7j Alg7k Alg71 

2 1 n.i. 2 2 I I 0 1 0 0 

2 2 2 1EL04 2 0 0 1 0 

3 2 lW&I I 0 0 0 0 

4 1 WTB06 2 0 0 0 0 

5 1 WTB06 2 0 0 0 0 0 

6 3 I TM96 2 0 0 0 0 0 0 0 

7 1 W&I06 0 2 I 0 0 0 1 0 

g lW&I 2 I 0 I I 0 0 0 

9 I W&I06 0 2 0 0 0 0 0 0 0 

10 1 n.i. 2 1 0 I 0 0 

11 l W&I06 3 0 0 0 0 0 

12 1 W&I06 2 0 0 0 0 0 0 0 

13 1 W&I06 2 1 0 0 0 0 1 0 

14 l W&I06 2 2 0 0 0 0 0 0 0 0 0 0 0 

15 1 W&I06 0 0 0 0 0 0 0 
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16 2 1 W&I03 0 0 0 0 0 

17 2 1 ID06 0 0 0 0 

18 1 WTB06 0 l 0 0 0 0 

19 l WTB06 0 1 0 0 0 

20 1 WTB06 2 2 0 0 0 0 

21 1 ID06 2 2 0 0 0 0 

22 2 1 ID06 2 2 1 0 0 0 0 

23 1 ID06 0 2 0 0 0 0 0 0 0 

25 2 1 ID06 0 0 0 0 0 0 0 0 0 0 

26 1 ID06 0 2 0 0 0 0 0 0 0 0 

27 1 BWK.06 2 0 0 0 0 0 0 

28 1 TM05 0 0 0 0 0 0 0 0 0 

29 4 1EL06 3 2 0 1 0 

30 2 1TN06 2 2 0 0 0 0 0 

31 2 l W&IOI 2 0 0 0 0 0 

32 1 I I TN06 2 0 0 0 0 0 

33 2 2 1 WTB04 0 3 0 0 0 0 0 0 0 0 0 

34 2 1 BWK.03 3 2 0 

35 I TN06 1 0 0 0 0 0 

36 2 1 BWK06 2 0 0 0 

37 I W&l06 2 0 0 0 0 0 

38 1 W&l06 3 2 0 0 0 0 0 

39 2 l BWK06 2 0 0 

40 2 1 BWK04 0 0 0 0 0 

41 I EL06 3 2 0 

42 1 BWK06 3 0 0 

43 2 1 BWK.06 3 3 0 0 0 0 

44 2 I TM02 2 I 0 0 0 0 0 

45 l WTB06 2 2 0 0 0 l 0 

46 l WTB06 2 1 I 1 0 0 0 0 0 

47 1 WTB06 3 0 0 0 0 0 0 0 0 0 0 0 

48 2 lW&I 0 0 0 0 0 0 0 0 0 0 

49 2 2 1 W&l04 2 l 0 

50 1W&I05 2 0 0 0 0 0 0 

51 2 ITN06 0 0 0 0 0 0 0 0 0 0 

52 3 1 BWK.05 2 0 0 0 

53 2 1BWK02 3 0 0 

54 1 TN06 2 2 0 0 0 0 0 

55 1 TN06 2 0 0 0 0 0 0 

56 1 TN06 2 l 0 0 0 0 l 0 0 

57 2 IBWK 3 l 0 0 0 0 0 0 

58 2 I TM02 2 0 0 0 0 0 0 0 

59 2 1 BWK03 0 0 0 0 0 0 0 0 0 0 

60 2 1 W&I06 0 I l 0 

61 2 IBWKOI 3 0 0 0 0 0 0 0 0 0 

62 2 1 EL02 2 2 0 0 0 0 0 

63 2 I TMOI 3 0 

64 2 I ITM02 2 2 0 I 0 0 0 

65 2 2 1 TM02 0 2 0 0 0 0 

66 2 l TMOl 3 0 0 0 0 0 0 

67 2 1 n.i . 0 2 0 0 0 0 
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68 2 11MOI 3 2 0 0 0 0 

69 2 IBWK.02 2 0 0 0 

70 2 I BWK.05 0 3 0 0 

71 1 TM06 2 l 0 0 

72 1 TM06 2 2 0 0 0 0 0 0 

73 1 TM06 2 0 0 0 0 0 0 0 

74 I TM06 3 2 0 0 0 

75 2 I n.i. 2 2 I 1 0 0 0 0 

76 l 1M06 2 2 0 0 0 0 0 0 0 

77 2 1 ST05 3 0 0 I 0 0 0 

78 1 ST05 3 2 0 0 0 0 0 0 

79 3 1 EL04 0 0 0 0 0 0 0 

80 2 1 ST05 3 0 0 0 0 0 

81 I ST05 0 0 0 0 I 0 

82 I ST05 2 0 0 0 0 0 0 

83 2 1 ST05 2 2 0 0 0 0 0 0 

84 1 ST05 0 0 0 0 0 0 0 

85 2 2 I ST04 3 0 0 0 0 0 0 0 0 

86 I I ID05 0 2 1 0 1 0 

87 l ID05 2 0 0 l 0 0 

89 2 l BMT04 0 0 0 0 0 0 

90 2 I BWK06 0 2 0 0 0 0 0 0 0 0 

91 2 2 1BWK06 2 0 0 0 0 0 0 0 

92 2 1BMT04 0 0 0 0 0 0 0 0 

93 I n.i. 2 2 0 0 

94 2 I ST05 0 0 0 0 I I 0 

95 I n.i. 2 0 0 0 0 0 0 0 0 

96 1 BMT05 3 0 0 0 0 0 0 0 

97 I BMT05 2 2 0 0 0 0 0 

98 2 IBMT05 0 0 0 0 0 0 

100 2 l n.i. 0 0 0 0 0 0 

101 2 l WTB02 2 0 0 0 0 0 0 

102 2 1 WTB03 3 1 1 I 0 

103 2 2 1BWK06 0 2 1 0 0 

104 2 2 IBWK06 3 0 0 0 0 0 0 0 0 

105 2 1 BWK.06 0 3 0 0 0 0 0 

107 2 IID05 2 2 0 0 0 0 

108 2 1 mos 2 0 0 0 

l09 2 lIDOS 3 3 0 0 0 0 0 

110 2 lIDOS 3 2 0 0 0 I 0 

111 2 2 1 W&I 3 0 0 0 0 0 0 0 

112 2 lBWK.06 3 0 0 0 I 0 

113 2 1 TM02 0 0 0 0 

114 3 I BWK.99 2 0 0 0 0 0 0 0 

115 2 1 ID03 3 1 0 0 0 0 

116 2 2 1 ID03 3 0 0 0 0 0 0 

117 2 2 I ID03 2 0 0 1 1 0 

118 2 1 ID03 2 2 0 0 0 0 0 

119 2 1 WTB04 2 0 0 0 0 0 0 0 

122 2 I BWK.06 3 0 0 0 0 l I 0 

123 1 BWK.06 2 3 0 0 0 
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124 

125 

126 

127 

2 

2 

2 

2 

2 I TM02 

I TM02 

I TM02 

I TM02 

3 

3 

3 

2 

2 

Legend of symbols used in table B2. 
Alg.1 Age 1 - <20 

Alg.2 

Alg.3 

Alg.4 
TM 
BWK 
WTB 
ID 
BMT 
EL 
W&I 
ST 
TN 

Alg.5 

2 - 20-25 
3 - 26-30 
4->30 

Sex 1 - male 
2 - female 

Student 1 - yes 
2- no 

Faculty and generation 
Technology Management 
Architecture, Building and Planning 
Mechanical Engineering 
Industrial Design 
Biomedical Engineering 
Electrical engineering 
Mathematics and Computer Science 
Chemical Engineering and Chemistry 
Applied Physics 

Price of TV 
0 - I don't know 
1 - < €500 
2 - €500 - €1000 
3 - > €1000 

Alg.6 Age of TV 
0 - I don't know 
1 - < 2 years 
2 - 2-6 years 
3 - > 6 years 

Alg. 7a - 71 Possession of function 
0 - Does not possess 
1 - Does possess 
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Appendix IV. Statistical analysis survey results 

Statistics 

F1all F2all F3all F4all F5all F6all F7all F8all F9all F10all F11all F12all F13all 
N Valid 121 121 121 121 121 121 121 121 121 121 121 121 121 

Missing 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mean 9,2562 6,1322 5,6281 7,0496 6,8760 2,7438 3, 1405 3,9504 3,0661 7, 1322 6,2562 6,2397 3,8595 

Std. Error of Mean ,07379 ,20495 ,21064 ,17832 ,15507 ,20548 ,21587 ,23380 ,22719 , 17524 , 19901 ,21321 ,24032 

Median 9,0000 7,0000 6,0000 7,0000 7,0000 2,0000 3,0000 4,0000 2,0000 7,0000 7,0000 7,0000 4,0000 

Mode 10,00 7,008 5,00 7,00 8,00 1,00 2,00 5,00 ,008 8,00 8,00 8,00 1,00 

Std. Deviation ,81167 e,25441 e,31108 I ,96151 ,70573 ',26027 l>,37454 e,51181 ),49912 ~ ,92762 ', 18910 ',34530 >,64356 

Variance ,659 5,082 5,369 3,848 2,910 5,109 5,638 6,614 6,246 3,716 4,792 5,500 6,988 

Skewness -,504 -,624 -,559 -1,310 -1,330 ,686 ,517 ,065 ,497 -1,362 -,935 -,613 , 119 

Std. Error of Skewness ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 ,220 

Kurtosis -1,302 -,301 -,455 2,642 3,001 -,429 -,614 -1, 129 -,827 2,643 ,826 -,296 -1, 172 

Std. Error of Kurtosis ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 ,437 

Range 2,00 10,00 10,00 10,00 10,00 9,00 9,00 9,00 10,00 10,00 10,00 10,00 9,00 

Minimum 8,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 ,00 

Maximum 10,00 10,00 10,00 10,00 10,00 9,00 9,00 9,00 10,00 10,00 10,00 10,00 9,00 

Sum 120,00 742,00 681,00 853,00 832,00 332,00 380,00 478,00 371,00 863,00 757,00 755,00 467,00 

a.Multiple modes exist. The smallest value is shown 
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Appendix V. Comparison of mean scores for functions in possession and 
not in possession 

Ranks 

Considered function N Mean Rank Sum of Ranks 
F1 not in possession oa ,00 ,00 

in possession 121 61,00 7381,00 

Total 121 

F2 not in possession 3 53,83 161,50 

in possession 118 61,18 7219,50 

Total 121 
F3 not in possession 24 54,27 1302,50 

in possession 97 62,66 6078,50 
Total 121 

F4 not in possession 10 49,65 496,50 
in possession 111 62,02 6884,50 
Total 121 

F5 not in possession 11 38,82 427,00 
in possession 110 63,22 6954,00 
Total 121 

F6 not in possession 94 58,48 5497,50 
in possession 27 69,76 1883,50 
Total 121 

F7 not in possession 63 59,75 3764,50 
in possession 58 62,35 3616,50 
Total 121 

F8 not in possession 99 61, 13 6052,00 
in possession 22 60,41 1329,00 
Total 121 

F9 not in possession 81 64,65 5236,50 

in possession 40 53,61 2144,50 

Total 121 

F10 not in possession 10 58,15 581,50 

in possession 111 61,26 6799,50 

Total 121 
F11 not in possession 39 56,99 2222,50 

in possession 82 62,91 5158,50 
Total 121 

F12 not in possession 56 48,86 2736,00 
in possession 65 71,46 4645,00 
Total 121 

F13 not in possession 120 61,31 7357,50 
in possession 1 23,50 23,50 

Total 121 

a. Mann-Whitney Test cannot be performed on empty groups. 
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Appendix VI. Data of participants experiment 

Year General Basic 
of Fl FI negative Negative 

Participant Sex birth Faculty Generation Image Swivel affect Affect 
1 M 1984 TECHNOLOGY MANAGEMENT 2005 10 7 20 9,25 
2 M 1977 TECHNOLOGY MANAGEMENT 1996 9 6 19 10 
3 M 1984 TECHNOLOGY MANAGEMENT 2002 8 2 14 8 
4 M 1982 TECHNOLOGY MANAGEMENT 2000 10 7 21 10,25 
5 M 1984 TECHNOLOGY MANAGEMENT 2002 10 l 15 7,75 
6 M 1984 TECHNOLOGY MANAGEMENT 2006 10 4 18 8,75 
7 M 1983 TECHNOLOGY MANAGEMENT 2002 10 1 22 12 

8 M 1984 TECHNOLOGY MANAGEMENT 2002 9 3 14 7,75 
9 M 1988 TECHNOLOGY MANAGEMENT 2006 8 4 20 11 
10 M 1987 TECHNOLOGY MANAGEMENT 2006 10 7 20 9,75 
11 M 1987 MATH. & COMP. SCIENCE 2005 9 0 19 9,25 
12 M 1982 TECHNOLOGY MANAGEMENT 2004 10 6 15 7,75 
13 M 1985 TECHNOLOGY MANAGEMENT 2003 10 3 23 9,25 
14 M 1986 MATH. & COMP. SCIENCE 2004 10 1 17 8,5 
15 F 1980 TECHNOLOGY MANAGEMENT 2000 10 4 23 10,75 
16 F 1986 TECHNOLOGY MANAGEMENT 2006 6 3 13 8,75 
17 M 1982 TECHNOLOGY MANAGEMENT 2002 10 4 20 10,5 
18 M 1982 INDUSTR1AL DESIGN 2002 9 3 13 7 
19 F 1987 ARCH. BUILDING & PLANNING 2005 9 6 17 8,5 
20 M 1984 TECHNOLOGY MANAGEMENT 2002 10 4 19 10 

21 M 1987 TECHNOLOGY MANAGEMENT 2005 10 3 15 9,25 
22 M 1987 APPLIED PHYSICS unknown 10 5 22 11,25 -
23 M 1984 MATH. & COMP. SCIENCE 2002 10 5 23 12,25 
24 M 1986 TECHNOLOGY MANAGEMENT 2006 IO l 17 8,5 
25 F 1984 TECHNOLOGY MANAGEMENT 2002 IO 4 22 11,5 

Limits 18,52+/-5,44 9,99+/-2,81 
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Appendix VII. Acquaintance task list 

Hierander staan een aantal taken beschreven die je kennis laten maken met de TV en de 
verschillende functies ervan. Wij willen je vragen om alles wat je doet en denkt hardop te 
zeggen zodat wij kunnen volgen wat je doet en denkt. Macht je er in het uiterste geval 
niet uit komen kun je de observatoren vragen om hulp. 

Het geluid van de TV staat nu uit, zet het geluid aan door op de •« toets (mute) te 
drukken in het midden van de afstandsbediening. 
Eerst willen we je kennis laten maken met Dual screen. Met Dual screen kun je het 
hoofdscherm indelen in twee subschermen, waardoor je naar twee TV-zenders tegelijk 
kunt kijken, of naar een TV-zender en een externe bran (DVD-speler, PC, etc.) of naar 
een TV-zender en T eletekst. 

Beeld/Beeld 

Druk op de GD toets om Dual screen aan of uit te schakelen. 
Druk op de cursortoets links/rechts om het 
linker/rechterscherm in Dual screen te doen 
oplichten 

Druk op de -P+ toets of op de -EJ toets of de cijfertoetsen om de TVzender, de 
externe bran of de teletekstpagina te veranderen in het scherm dat oplicht. 

Opmerking: De scherminfo die verschijnt wanneer u van zender verandert heeft a/tijd betrekking 
op het scherm dat op/icht. 

Druk opnieuw op de GD toets om een volledig hoofdscherm te krijgen. De TV 
stemt dan af op het beeld dat in de Dual screen-mode oplichtte. 

Opmerking: Alleen het geluid van het linkerscherm wordt gehoord als Dual screen wordt 
geselecteerd. 

Beeld/T eletekst 

Druk op de @toets. Druk op de 6D toets om teletekst op de rechterkant van het 
scherm te laten verschijnen. 
Druk op de ®toets om terug te keren naar een volledig teletekst scherm. 
Druk op de @toets om terug te keren naar een volledig beeldscherm 

Gemotoriseerde draaivoet 

Nu je kennis hebt gemaakt met Dual screen functie willen we je graag kennis laten maken 
met de gemotoriseerde draaivoet. De gemotoriseerde draaivoet kan 30 graden draaien en 
kan met de afstandbediening van het TV-toestel warden bediend. Er zijn oak TV's te 
verkrijgen die een draaivoet hebben die handmatig te bedienen is. 

Druk eerst op de SWIVEL MOT toets aan de zijkant van de 
afstandbediening en houd hem ingedrukt. Terwijl je deze 
toets ingedrukt houdt: 

gebruik de cursor links/rechts om de draaikop te 
doen draaien, draai het scherm van links naar rechts 
om te zien hoe dit werkt; 
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beweeg de cursor naar beneden om de draaikop in de centrale stand te brengen; 
beweeg de cursor naar boven om de draaikop 

in de laatst geselecteerde stand te zetten. 
Nu je kennis hebt gemaakt met deze functies zouden we willen vragen om deze functies 
een function importance rating te geven. Stel je hierbij weer voor dat je na een uitgebreide 
orientatie, een aantal potentieel geschikte TV's hebt gevonden in jouw prijsklasse. 
Hieronder staat een tabel met functies die gebruikt kunnen worden om de TV's te 
beoordelen. 

Geef elke functie een score tussen de 0-10 in overeenstemming met hoe belangrijk die 
functie is in JOUW KEUZE VOOR AANSCHAF voor een bepaalde TV. Het gaat hierbij 
dus NIET om de kwaliteit van de functie op DEZE TV maar om hoe belangrijk die functie 
is in jouw keuze voor aanschaf. 

De scores hoeven niet op te sommen tot 10, je kunt de eerste functie een rating van 8 
geven en de tweede een rating van 5, etc. Een hoge score betekent dat je die functie 
belangrijk vindt in jouw keuze voor aanschaf. 

Nr. Functies Score 
1. Het kiiken van het qewenste proqramma met qoede beeld en qeluidskwaliteit 
2. Het qebruik van teletekst 
3. Het instellen van voorkeuren voor beeld, qeluid en diversen 
4. Het gebruik van de Mute knop om het geluid uit de te schakelen 
5. Het qebruik van Dual screen voor het kiiken van twee proqramma's teqeliik 
6. Het gebruik van Dual screen voor het kijken van een programma en teletekst tegelijk 

7. Het gebruik van een handmatige draaivoet voor het instellen van de kijkhoek 
8. Het qebruik van een motorische draaivoet voor het instellen van de kijkhoek 

Je hebt nu het eerste deel van de test voltooid. Lever dit formulier nu in bij de observator. 
Hij/zij zal je nu het vervolg van de test voorleggen. 
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Appendix VIII. Task list for the watching desired program scenario 

Takenlijst 1 consumententest LCD-TV 

Nu je kennis hebt gemaakt met een aantal verschillende functies van deze TV, gaan we 
verder met het tweede deel van het experiment. 

Wij willen je vragen om alles wat je doet en denkt hardop te zeggen zodat wij kunnen 
volgen wat je doet en denkt. Mocht je er in het uiterste geval niet uit komen kun je de 
observatoren vragen om hulp. 

Om de informatie met betrekking tot het experiment op te kunnen slaan willen wij je erop 
wijzen dat je de TV net als thuis kunt gebruiken behalve dat je niet aan de kabels van de 
TV mag komen! 

Veer de volgende opdrachten uit alsof je thuis in de woonkamer voor de televisie zit. 

• Begin op Nederland 1 en zap met de afstandsbediening van het ene naar het 
andere programma om te kijken wat er uitgezonden wordt. 

• Probeer ook enkele andere functies van de TV uit waar je nog geen kennis mee 
hebt gemaakt. Je kunt gerust de knoppen van de afstandsbediening uitproberen. 

• Vul de volgende tabel in, zet achter het kanaalnummer in eigen woorden het 
programma dat uitgezonden wordt op dat kanaal. Gebruik hiervoor een woord of 
een korte zin. 

Kanaal Programma 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Nadat je de bovenstaande tabel hebt ingevuld zet je het gelu:d weer uit met de •tt'. toets. 
Vul nu de vragenlijst in die je van de observator krijgt. 
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Appendix IX. Task list for the motorized swivel Scenario 

Takenlijst 2 consumententest LCD-TV 

Nu je kennis hebt gemaakt met een aantal verschillende functies van deze TV, gaan we 
verder met het tweede deel van het experiment. 

Wij willen je vragen om alles wat je doet en denkt hardop te zeggen zodat wij kunnen 
volgen wat je doet en denkt. Macht je er in het uiterste geval niet uit komen kun je de 
observatoren vragen om hulp. 

Om de informatie met betrekking tot het experiment op te kunnen slaan willen wij je erop 
wijzen dat je de TV net als thuis kunt gebruiken behalve dat je niet aan de kabels van de 
TV mag komen! 

Veer de volgende opdrachten uit alsof je thuis in de woonkamer voor de televisie zit. 

• Je neemt plaats op de bank voor de televisie en zapt met de afstandsbediening 
van het ene naar het andere kanaal om te kijken wat er uitgezonden wordt. 

• Je stopt met zappen als je een programma hebt gevonden dat jou aanspreekt. 
• Probeer ook enkele andere functies van de TV uit waar je neg geen kennis mee 

hebt gemaakt. Je kunt gerust de knoppen van de afstandsbediening uitproberen. 
• Nadat je neg een aantal van de functies van de TV hebt geprobeerd ga je achter 

de laptop zitten. Op de laptop vind je een opdracht die je nu uit meet voeren. Je 
kunt het jezelf gemakkelijk maken door het scherm van de TV naar de laptop toe 
te draaien. 

• Nadat je de opdracht hebt uitgevoerd ga je weer terug op de bank zitten, om 
verder TV te kijken. Om zo relaxed mogelijk TV te kijken kun je het scherm weer 
terugdraaien naar de beginpositie. 

Vul nu de vragenlijst in die je van de observator krijgt, en zet het geluid weer uit met de •~ 
toets. 
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Appendix X. Overview activities experiment 

Fase 1: Ontvangst 
1. Ophalen deelnemer bij ingang Laplace gebouw 
2. Aannemenjas van kandidaat en drankje aanbieden 
3. Laat kandidaat plaatsnemen op de bank 
4. Vraag of kandidaat eerder deelnam aan een dergelijke test 
5. Leg uit waar de camera's staan opgesteld en spiegelwant 
6. Vertel het doel: gebruiksvriendelijkheid van de televisie NIET prestatie 

van de gebruiker 
7. Vraag om hardop te denken!!! 
8. Leg uit dat observator de woonkamer af en toe zal verlaten 
9. Zet het geluid van de televisie aan 
10. Zet de handycam aan 

Fase 2: Kennismaking met de TV 
11. Overhandig het formulier met de kennismakingsopgaven 
12. Vraag kandidaat het form. te lezen en uit te voeren 
13. Geef waar nodig de aanwijzingen voor een gemakkelijke kennismaking 
14. Kandidaat vult FI lijstje in 
15. Zet het geluid van de TV uit 

Fase 3: PANAS-X meting 1 
16. Deelnemer vult PANAS meting in (meting: 'op dit moment') 
17. Observator verlaat de huiskamer terwijl de kandidaat de test invult 
18. Observator berekent het verschil tussen FI van nr. 1 en nr. 8 
19. Indien verschil < 3 dan scenario 1 anders scenario 2 

Fase 4: Experiment 
20. Leg de kandidaat uit dat hij een nieuwe TV opdracht gaat doen 
21. Overhandig het formulier met de opdracht 
22. Vraag de kandidaat het formulier door te lezen 
23. Vraag of de kandidaat snapt wat de bedoeling is 
24. Geef eventueel uitleg wat de bedoeling is 
25. Zet het geluid van de Tv aan 
26. Wens de kandidaat succes en verlaat de kamer 

Fase 4A: Experiment vervolg scenario 1 
27. Laat de kandidaat met de televisie spelen 
28. Kandidaat gaat het lijstje invullen met zenders 
29. Fout treedt op bij zender 5 
30. Laat kandidaat 3 minuten proberen het probleem op te lossen 
31. Beeindig de fout door functie weer in te schakelen 
32. Observator gaat de woonkamer binnen en houdt zich van de domme 
33. Observator zegt dat de test is afgelopen 

Fase 4B: Experiment vervolg scenario 2 
27. Laat de kandidaat met de televisie spelen 
28. Let op: ga woonkamer binnen als kandidaat draaivoet NIET gebruikt 
29. Geef een advies dat het echt veel handiger kan 
30. Fout treedt op bij teruggaan naar bank 
3 l . Laat de kandidaat 3 minuten proberen het probleem op te lossen 
32. Observator gaat woonkamer binnen en houdt zich van de domme 

Dour 
2 min 
1 min 
0min 
0 min 
I min 
1 min 

0min 
0 min 
0 min 
I min 

0 min 
0min 
4min 
2 min 
0 min 

4min 
0min 
0min 
0min 

0min 
0min 
3 min 
0min 
I min 
0min 
0min 

5 min 
3 min 
0 min 
4min 
0min 
0min 
0min 

5 min 
Omin 
0min 
3 min 
4 min 
0min 

Totaal 
2min 
3 min 
3 min 
3min 
4min 
5 min 

5 min 
5 min 
5 min 
6min 

6min 
6 min 
10 min 
12 min 
12 min 

16 min 
16 min 
16 min 
16 min 

16 min 
16 min 
19min 
19 min 
20min 
20min 
20min 

25 min 
28 min 
28 min 
32min 
32 min 
32 min 
32min 

25 min 
25 min 
25 min 
28min 
32min 
32min 
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33 . Observator zegt <lat de test is afgelopen 

Fase 5: P ANAS-X-2 en exit vragenlijsten 
34. Deelnemer vult PANAS meting in (meting: 'op <lit moment') 
35. Observator verlaat de huiskamer terwijl de kandidaat de test invult 
36. OOObservator komt terug de kamer in als de kandidaat klaar is 
37. Kandidaat vult foutenlijst in (welke fout zag hij) 
38. Vraag de kandidaat om uitleg: wat was er fout bij de genoemde functie 
39. Kandidaat vult irritatie vragenlijst in (let op: indien een kandidaat meer 

dan 1 functie vindt falen, laat hem focussen op de belangrijkste 
(scenario) fout!) 

40. Kandidaat wordt met rust gelaten observator haalt kado voor kandidaat 
41. Handycam wordt uitgezet (andere camera's ook evt.) 

Fase 6: Debriefing en bedanken 
42. Vertel de kandidaat over het doel van de test: FI vs. UPFS 
43 . Leg uit dat de fouten geimplementeerd zijn in de TV 
44. Deelnemer ontvangt beloning 
45. Vraag de kandidaat om niet verder te vertellen over de test 
46. Vraag de kandidaat of hij in de toekomst vaker mee wil werken aan test 

0min 

4min 
0 min 
0min 
2min 
1 min 
3 min 

0 min 
0min 

1 min 
1 min 
0min 
l min 
0 min 

32 min 

36 min 
36 min 
36 min 
38 min 
39 min 
42min 

42min 
42min 

43 min 
44min 
44min 
45min 
45 min 
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Appendix XI. Exit-questionnaire 

Function assessment form (Exitl) 

Hieronder staat een tabel met functies die de door jou geteste TV bezit. Geef voor al de door jou 
geteste functies aan of ze naar jouw mening foutloos werkte (zet dan een kruisje in het vakje 
foutloos) 6f juist faalde tijdens het gebruik van de TV. Indien jij van mening bent <lat (een) 
bepaalde functie(s) faalde(n), kunje dan een score tussen de 0-5 geven voor de ernst van <lit falen. 
Een O score betekent <lat de functie nog goed te gebruiken was en een 5 score betekent <lat de 
functie bijna onbruikbaar was geworden. Als je een bepaalde functie niet hebt gebruikt kruis dan 
NVTaan. 

Functies Foutloos Fout, NVT 
Score: 

Kijken van het gewenste programma 
Kijk het gewenste programma op TV, zonder 

mankementen in beeld en geluid. 

Gebruik van teletekst 
Gebruik teletekst en alle functies die ertoe behoren. 

Kijk twee programma's tegelijk 
Kijk twee programma's tegelijk met Dual Screen. In het 
hoofdscherm wordt een subscherm opgeroepen waardoor 
je naar twee tv-zenders tegelijk kunt kijken, of naar een 

zender en teletekst. 

Mute 
Schakel het geluid van de TV uit, met een druk op de 

knop. 

Veranderen van het beeldformaat 
Selecteer het gewenste beeldformaat. Verschillende 

beeldformaten zijn: Automatisch, Super zoom, 4:3, 14:9, 
16:9, Ondertitel zoom en Breedbeeld. 

Vorige Tv-zender 
Schakel tussen de Tv-zender waar u nu naar kijkt en de 

zender waar u het laatst naar gekeken he bt door een druk 
op deknop. 

Gebruik van de gemotoriseerde draaivoet 
Gebruik de gemotoriseerde draaivoet om het scherm te 

draaien tussen + en- 30 graden, voor een optimale 
kijkhoek. 
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Response to Failure Form (Exit2) 

Stel je nu de situatie voor waarin je deze televisie hebt gekocht. Hij staat sinds een paar dagen bij 
jou in de huiskarner. Vervolgens treden de problemen op in de televisie die jij net ook opmerkte. 
Hoe zoujij reageren? 

Zeer 
onwaarschijnlijk 

1 2 
Ik zoo deze foot enorm irritant vinden. Q Q 

Ik zou de klantenservice van Philips Q 
raadplegen voor hulp. 

Ik zou me behoorlijk opwinden over dit Q 
probleem. 

lk zoo gewoon wachten totdat bet probleem Q 
verdwenen was. 

Over een dergelijke foot zoo ik zeker niet Q 
boos worden. 

Deze televisie zoo ik direct terugbrengen 0 
naar de winkel! 

Ik zoo op het Internet gaan zoeken naar 0 
mogelijke oplossingen voor dit probleem. 

Thuis zou ik deze foot beschouwen als een Q 
kleine tekortkoming in de televisie 

Als dit probleem thuis op zoo treden zou ik Q 
een familielid/kennis om hulp vragen. 

Aan een dergelijk probleem zoo ik me niet Q 
ergeren ... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Zeer 
waarschij nlij k 

4 5 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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Appendix XII. Reliability analysis irritation measure 
Case Processing Summary 

N % 
Cases Valid 25 100,0 

Excluded(a) 0 ,0 
Total 25 100,0 

a. Listwise deletion based on all variables in the procedure 

Reliability Statistics 
Cronbach's 

Alpha N of Items 

0,834 5 

Appendix XIII. Overview of item scores and irritation scores 
The scores in Bold are the emotional response items which are used to calculate the irritation score. 

enormously customer quite just not return internet small help not 
Participant Scenario irritating service enraged wait angry immediately help demerit relative annoy 

2 Image 5 3 2 5 4 1 4 5 3 2 
6 Image 5 5 5 5 5 3 1 5 5 

10 Image 5 3 3 5 4 5 5 2 5 

12 Image 5 5 5 5 2 4 5 5 2 5 

13 Image 2 2 1 3 2 2 2 2 

14 Image 5 3 5 5 5 3 4 5 5 5 

15 Image 5 3 4 4 4 2 3 5 5 5 

17 Image 5 5 5 4 4 3 4 5 5 

18 Image 5 5 5 4 5 3 4 2 5 

20 Image 4 2 2 2 4 2 3 2 4 3 

22 Image 5 3 5 5 5 5 3 5 3 5 

24 Image 5 4 5 2 2 5 4 1 5 

25 Image 5 3 5 4 4 4 5 5 5 4 

Average 4,69 3,00 3,92 4,38 3,77 2,77 3,62 4,38 2,69 4,31 

Swivel 5 3 5 5 4 2 3 4 4 

3 Swivel 4 2 3 5 3 1 5 5 2 2 

4 Swivel 5 5 3 2 4 1 5 5 4 5 

5 Swivel 4 3 3 5 3 1 4 4 5 4 

7 Swivel 4 3 2 3 1 1 4 

8 Swivel 2 2 3 2 3 2 5 3 1 3 

9 Swivel 5 2 4 5 5 5 4 4 3 5 

11 Swivel 5 4 4 5 5 5 5 

16 Swivel 5 4 4 4 4 2 5 4 5 4 

19 Swivel 5 2 3 3 4 2 5 2 3 4 

21 Swivel 5 4 4 3 4 5 3 4 2 5 

23 Swivel 4 5 4 4 4 1 5 3 1 3 

Average 4,42 2,83 3,58 3,67 3,83 2,00 4,17 3,67 2,42 4,00 
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Irritation 

18 

25 

22 

22 

9 

25 

23 

24 

23 

15 

25 

20 

23 

21,08 

22 

17 

22 

18 

15 

14 

23 

24 

21 

18 

22 

18 

19,50 
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Appendix XIV. Analysis of irritation scores between scenarios 
Mann-Whitney Test 

Ranks 

scenario N Mean Rank Sum of Ranks 
Irritation Image scenario 13 15,31 199,00 

Swivel scenario 12 10,50 126,00 

Total 25 

Test Statistics(b) 

Irritation 
Mann-Whitney U 48,000 
WilcoxonW 126,000 
z -1,646 
Asymp. Sig. (2-tailed) 0,100 
Exact Sig. [2*(1-tailed 

,110(a) 
Sia.)l 

a. Not corrected for ties. 

b. Grouping Variable: scenario 

Appendix XV. Analysis of irritation scores between scenarms without 
outlier 
Mann-Whitney Test 

Ranks 
scenario N Mean Rank Sum of Ranks 

Irritation Image scenario 12 15,50 186,00 

Swivel scenario 12 9,50 114,00 

Total 24 

Test Statistics(b) 

Irritation 
Mann-Whitney U 36,000 
WilcoxonW 114,000 
z -2,100 
Asymp. Sig. (2-tailed) 0,036 
Exact Sig. [2*(1-tailed 

,039(a) 
Sia.)1 

a. Not corrected for ties. 

b. Grouping Variable: scenario 
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Appendix XVI. Analysis of failure scores between scenarios 
Mann-Whitney Test 

Ranks 

scenario N Mean Rank Sum of Ranks 
Failure_score Image scenario 11 9,05 99,50 

Swivel scenario 12 14,71 176,50 
Total 23 

Test Statistics(b) 

Failure score 
Mann-Whitney U 33,500 
WilcoxonW 99,500 
z -2,048 
Asymp. Sig. (2-tailed) 0,041 
Exact Sig. (2*(1-tailed 

,044(a) 
Sig.)] 

a. Not corrected for ties. 

b. Grouping Variable: scenario 
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