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Summary

Do you really know your consumers? - Analyzing the impact of consumer knowledge on
use and failure evaluation of consumer electronics

The field of Consumer Electronics (CE) can be characterized by continuous technological
innovation, fierce global competition, strong pressure on time-to-market, fast adoption cycles
and increasingly complex business processes. In this context it is increasingly challenging for
product designers and developers to provide products with unique features and excellent
price / performance characteristics, as well as having to provide products that meet all the
consumer’s expectations. From a business perspective, research has shown that the number of
consumer complaints and even product returns is increasing for complex CE (Den Ouden,
2006). Further research on the causes of these complaints showed that almost half of the
complaints were due to non-technical reasons. Therefore, more insight is needed into product
quality and reliability from a consumer point of view.

A literature review showed that quality and reliability methods that are currently used in
product development insufficiently prevent the large variety of consumer complaints: the
number of consumer complaints is rising while at the same time the root cause of these
complaints is more difficult to retrace. Product failures need to be measured and analyzed
from a consumer’s point of view since the traditional fault-complaint propagation model fails
to capture all potential sources of consumer complaints. More insight is needed into the
relation between the diversity of consumers and the propagation of product development
faults to these “Consumer-Perceived Failures” (CPFs).

A conceptual framework was developed to model the underlying factors related to the
propagation of product development faults to consumer complaints from a consumer point of
view. This framework is based on insights from human-computer interaction and consumer
behavior literature and the results of an explorative experiment. Furthermore, the most
commonly used consumer selection criteria for consumer tests based on demographics and/or
product adoption related characteristics do not sufficiently cover differences in CPFs. The
consumer characteristic “consumer knowledge” is hypothesized to have a strong impact on
differences in the underlying variables of this framework. A review of relevant consumer
models and consumer characteristics used in human-computer interaction and consumer
behavior research shows that this construct relates to cognitive structures consumers have
about a product’s functioning as well as cognitive processes needed to use a complex CE
product. This dissertation therefore aimed to investigate the hypothesized effect of consumer
knowledge on two important variables of the conceptual framework: product usage behavior
and failure attribution.

vii



By using multiple surveys, two laboratory experiments and a web-based experiment, the
following aspects of the conceptual framework were investigated in this dissertation:
¢ How and to what extent consumers can be differentiated on knowledge of complex CE
e The effect of consumer knowledge on differences in product usage behavior
e The effect of consumer knowledge on differences in attribution of product failures

The results of the surveys to differentiate consumers on knowledge (both core and
supplemental domains) of innovative LCD televisions demonstrated the successful
development and validation of measurements of both subjective and objective measurements
of expertise and familiarity. It was concluded that the selection of consumer knowledge
constructs as criterion for differentiating consumers for a consumer test depends on the target
consumer group for a product (e.g. a very narrow homogeneous consumer group versus mass
consumer markets), the type of product (e.g. passive versus active interaction) and the goal of
the consumer test.

The laboratory experiment which investigated the effect of subjective expertise and objective
familiarity on product usage behavior showed that higher levels of subjective expertise on
both the television and computer domain result in significantly better effectiveness and
efficiency and less interaction problems when performing complex product related tasks. Next,
the results also showed that differences in subjective expertise stronger relate to differences in
product usage behavior than those in objective familiarity. The findings of this study help
product developers and designers to better understand differences in product usage behavior
when consumers encounter interaction problems and can therefore help the product designers
and developers to take better design decisions.

The results of both failure attribution experiments with simulated failure scenarios of picture
quality failures in an LCD television showed that only objective expertise differences affect
differences in consumer perception of product failures. However, although the failure
attribution of consumers with higher levels of objective expertise has more dimensions and is
more refined, higher levels of objective expertise on a product do not automatically result in
attributions that are more in accordance with the real physical cause of the failure. This has
important implications because currently used test methods often differentiate consumers only
on previous experience (i.e. familiarity) with a product. The results of both studies also
demonstrated that both failure cause and failure impact do not significantly affect how
consumers attribute the failures.

In total it can be concluded that, when evaluating the effect of consumer diversity on fault-
complaint propagation, consumer knowledge can be used to differentiate product use and
failure attribution for complex CE. However, it should be noted that especially for failure
attribution this effect is not consistent across different types of failures. In addition, compared
to objective and subjective familiarity and subjective expertise, objective expertise has the
strongest impact. In the context of fast evolving complex CE, objective expertise
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measurements are becoming increasingly important because familiarity or subjective expertise
measurements on the (technical) functioning of currently available products can quickly
become “incorrect” or “incomplete” for the next generation of products. These insights can
support product designers and developers to make the right design decisions to enhance
consumer satisfaction.
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Samenvatting

Do you really know your consumers? - Analyzing the impact of consumer knowledge on
use and failure evaluation of consumer electronics

Het vakgebied van de Consumenten Elektronica (CE) wordt gekenmerkt door doorlopende
technische innovatie, door sterke wereldwijde concurrentie, door grote druk op de
doorlooptijd tot marktintroductie, door de snelle aankoopcycli en door de in complexiteit
toenemende bedrijfsprocessen. In deze context is het voor productontwerpers en —
ontwikkelaars steeds moeilijker om producten te leveren met unieke features en een goede
prijs-kwaliteitverhouding, die eveneens moeten voldoen aan de verwachtingen van
consumenten. Onderzoek vanuit het bedrijfsperspectief heeft aangetoond dat het aantal
klachten van consumenten en zelfs het aantal producten dat wordt geretourneerd voor
complexe CE toeneemt (Den Ouden, 2006). Nader onderzoek naar de oorzaak van deze
klachten laat zien dat bijna de helft van de klachten te wijten is aan niet-technische oorzaken.
Daarom is meer inzicht in de productkwaliteit en —betrouwbaarheid vanuit het oogpunt van de
consument noodzakelijk.

Literatuuronderzoek heeft aangetoond dat de onderzoeksmethoden voor kwaliteit en
betrouwbaarheid die op dit moment voor productontwikkeling worden gebruikt in
onvoldoende mate (de grote verscheidenheid aan) consumentenklachten kunnen voorkomen:
het aantal klachten neemt toe terwijl tegelijkertijd de oorzaak van deze problemen moeilijker
te traceren is. Productfouten moeten worden gemeten en geanalyseerd vanuit het oogpunt van
de consument omdat het traditionele fout-klacht-escalatiemodel niet in staat is alle mogelijke
oorzaken van consumentenklachten te ondervangen. Daarom is meer inzicht nodig in de
relatie tussen de diversiteit in consumenten en de escalatie van productontwikkelingsfouten in
relatie tot deze “door de Consument gePercipieerde Fouten” (CPFs).

In dit proefschrift is een conceptueel model ontwikkeld om de onderlinge factoren, gelieerd
aan de escalatie van productontwikkelingsfouten tot consumentenklachten, vanuit
consumentenoogpunt te modelleren. Dit model is gebaseerd op inzichten uit literatuur over
mens-machine-interactie en consumentengedrag en op de resultaten van een exploratief
experiment. De resultaten van dit literatuuronderzoek laten ook zien dat de meest gebruikte
selectiecriteria om consumenten voor consumententests te selecteren, gebaseerd op
demografische gegevens en/of productaankoopkenmerken, bovendien niet in voldoende mate
de verschillen in CPFs afdekken. Het kenmerk “kennis van consumenten” heeft naar
verwachting een sterke invloed op verschillen in de onderliggende variabelen van dit model.
Onderzoek naar relevante consumentenmodellen en consumentenkenmerken, zoals deze bij
onderzoek naar mens-machine-interactie en consumentengedrag gebruikt worden, laat
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namelijk zien dat de kennis van consumenten verband houdt met de cognitieve structuren die
consumenten hebben over het functioneren van een product, evenals met de cognitieve
processen die nodig zijn om een complex CE product te gebruiken. Deze dissertatie had
daarom als doelstelling om te onderzoeken wat de invloed is van de kennis van consumenten
op twee belangrijke variabelen van het conceptueel model: productgebruiksgedrag en
foutattributie. Door gebruik te maken van meerdere enquétes, van twee
laboratoriumexperimenten en van een experiment via Internet, zijn de volgende aspecten van
het conceptueel model in deze dissertatie onderzocht:

e Hoe en in welke mate consumenten op basis van kennis van complexe CE

onderscheiden kunnen worden.
e Het effect van de kennis van consumenten op verschillen in productgebruiksgedrag.

e Het effect van de kennis van consumenten op verschillen in foutattributie.

Uit de resultaten van de enquétes om de gebruikers te differentiéren op basis van kennis
(zowel basiskennis als aanvullende kennis) over innovatieve LCD televisies, is de succesvolle
ontwikkeling en validatie van zowel subjectieve als objectieve metingen van expertise en
vertrouwdheid aangetoond. Er werd geconcludeerd dat de selectie van begrippen van kennis
van consumenten als criterium om consumenten voor een consumententest te onderscheiden
athankelijk is van de doelgroep voor een product (zoals een erg smalle, homogene groep
consumenten versus een massa consumentenmarkt), het type product (bijvoorbeeld passieve
versus actieve interactie) en het doel van de consumententest.

Het laboratoriumexperiment dat het effect van subjectieve expertise en objectieve
vertrouwdheid op productgebruiksgedrag onderzocht, liet zien dat hogere niveaus van
subjectieve expertise op het gebied van zowel televisies als computers resulteren in significant
betere effectiviteit en efficiency en minder interactieproblemen op het moment dat complexe
productgerelateerde taken worden uitgevoerd. Uit de resultaten bleek daarnaast dat de
verschillen in subjectieve expertise sterker correleren met de verschillen in
productgebruiksgedrag dan met de verschillen in objectieve vertrouwdheid. De resultaten van
dit onderzoek zorgen ervoor dat productontwikkelaars en —ontwerpers verschillen in
productgebruiksgedrag beter begrijpen als gebruikers interactieproblemen ervaren en de
resultaten kunnen de productontwerpers en -—ontwikkelaars aldus helpen om betere
ontwerpbeslissingen te nemen.

Uit de resultaten van beide experimenten met de gesimuleerde foutscenario’s voor de
foutattributie betreffende de beeldkwaliteit in een LCD televisie, blijkt dat enkel verschillen in
objectieve expertise invloed hebben op de wijze waarop consumenten productfouten
interpreteren. Hoewel de foutattributie van consumenten met hogere objectieve expertise meer
dimensies heeft en verfijnder is, hoeft een hoger objectieve expertise niveau echter niet
automatisch te resulteren in attributies die meer in overeenstemming zijn met de
daadwerkelijke fysieke oorzaak van de fout. Dit heeft belangrijke gevolgen, omdat de huidige
testmethoden vaak differenti€ren naar eerdere ervaringen (bijvoorbeeld vertrouwdheid) met
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een product. De resultaten van beide studies toonden ook aan dat zowel de oorzaak van de
fout en de impact van de fout niet significant beinvloeden waaraan consumenten de fout
attribueren.

Alles overziend kan worden geconcludeerd dat wanneer wordt gekeken naar de invloed van
verscheidenheid in consumenten op de relatie tussen fout en klacht, kennis van consumenten
kan worden gebruikt om onderscheid te maken tussen productgebruik en foutattributie voor
complexe CE. Er dient echter te worden opgemerkt dat vooral deze invloed op foutattributie
niet consistent is wanneer wordt gekeken naar verschillende fouttypen. In aanvulling daarop
kan worden gezegd dat, vergeleken met objectieve en subjectieve vertrouwdheid, objectieve
expertise de grootste invloed heeft. In de context van snel veranderende, complexe CE,
worden objectieve expertise metingen steeds belangrijker omdat vertrouwdheid en subjectieve
expertise metingen naar het (technische) functioneren van momenteel verkrijgbare producten
snel “incorrect” of “incompleet” kunnen worden wat de volgende generatie producten betreft.
Deze inzichten kunnen product ontwerpers en —ontwikkelaars helpen om de juiste keuzes te
maken om de consumenttevredenheid te vergroten.
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1 Introduction

The research presented in this dissertation deals with Quality and Reliability (Q&R) of
complex high-volume Consumer Electronics (CE). This dissertation will specifically focus on
the increase of the number and diversity of consumer complaints which are related to
increasing uncertainty in the Product Development Process (PDP). To support effective
decision making, more insight is needed into the relation between consumers and the
propagation’ of product development faults to consumer-perceived failures and consumer
complaints.

First, in section 1.1, the implications of the increase of complexity of CE are discussed from a
consumer, a product technological and a PDP point of view. Section 1.2 discusses the
problems addressed in this dissertation. Subsequently, in section 1.3 the goal of this
dissertation and ways by which this dissertation aims to contribute to this goal are presented.
Since many concepts used in this dissertation have different meanings in different research
contexts, in section 1.4 an overview is given of the definitions and use of the most important
concepts as they are used in this dissertation. Finally, in section 1.5, the outline of the

dissertation is presented.

1.1 General introduction

1.1.1 Research context

The field of CE is increasingly challenging for product design and development. Technology
advances at an exponential rate, making solutions and products possible (e.g. watching
television on a mobile phone) that were not feasible a decade ago (R.G. Cooper, 2001).
Further fuelled by fierce global competition, CE manufacturers are integrating a growing
number of new technologies to satisfy consumers’ preference for high-feature products. In
this context, CE is a general term referring to electronic equipment intended for everyday use
by consumers. Examples of CE are MP3 players, Liquid Crystal Display (LCD) Televisions
(TVs), smart phones and multimedia entertainment centers. To achieve this new functionality,
the complexity of CE is increasing, both from a product internal, technological point of view,
and from a product external, consumer point of view (Norman, 1998).

From a technological point of view, advances in technology result in an increasing number
and diversity of features that are realized by embedded new product technologies

" In this context, propagation refers to how product development faults escalate to consumer complaints by going
through several stages.



(Brombacher, Sander, Sonnemans & Rouvroye, 2005; Den Ouden, 2006). For example, there
is a trend to use more open systems, such as smart phone operating systems, that continuously
communicate with and depend on input from their environment (Siewiorek, Chillarge &
Kalbarczyk, 2004). Another example is the trend to use more intelligent technologies that
provide context and user dependent applications and information (Aarts & Ecarnacdo, 2006).
Such developments combined with the consequences of Moore’s law originating from the
computer industry, lead to a continuous increase of software content (i.e. in terms of lines of
code) in CE (Rooijmans, Aerts & Genuchten, 1996; Siewiorek et al., 2004). In fact, software
has taken over many of the traditional hardware implementations in CE, making software
more important for a product’s Q&R. Furthermore, although hardware failures are less
prominent due to effective Q&R methods (Brombacher et al., 2005, Den Ouden, 2006;
Siewiorek et al., 2004), for complex systems such as CE, the number of sources for product
faults due to software defects is increasing (Siewiorek et al., 2004). Due to the increasing state
space of software (i.e. the collection of all possible configurations of the software), the
difficulty to specify all the interactions with software and hardware from 3™ parties in all
possible configurations in the consumer’s usage environment and increasing pressure to
reduce time-to-market, developing software with zero defects is economically not feasible
(Siewiorek et al., 2004). Consequently, software in CE inherently contains flaws that can lead
to various kinds of undesired product behavior varying from barely noticeable small
interruptions of a function to a complete lock-up of the system (Stroucken, Seeverens,
Beenker & Watts, 2005).

From a consumer point of view, these developments lead to an increase in complexity
experienced by consumers during the usage of CE. First of all, research shows that, although
consumers initially choose high-feature products, during product use, product usability is
more important than product functionality (Rust, Thompson & Hamilton, 2006; Thompson,
Hamilton & Rust, 2005). However, because of the increase of product complexity, many
features of CE are often not used and the product’s behavior is difficult to understand for the
average consumer without having a certain level of technological expertise (A. Cooper, 1999;
Han, Yun, Kwahk & Hong, 2001; Norman, 1998; Norman, 2002). Furthermore, because
consumers use a variety of products and services from different manufacturers and service
providers, they often are confronted with conflicting requirements and highly complex
interoperability issues (Norman, 2002). In other words, these developments lead to an
increase of cognitive complexity for consumers during usage of CE (A. Cooper, 1999). An
example of these developments in the context of LCD TVs is shown in Example 1.1 on the
next page.

In short, it is increasingly challenging for product designers and developers to provide
products with both unique features with excellent price / performance characteristics and
excellent product quality, which is key to product development success (R.G. Cooper, 1999;
R.G. Cooper, 2005).



ﬁCD televisions \

The TV of today can be used for far more than just watching cable TV; it can be used to access the
Internet, watch digital photos stored on your digital camera and connect to a personal computer (PC) to
watch downloaded movie content.

From a product technological perspective these developments are the result of the shift from the
analogue television of the past into a highly complex flat screen Digital Television (DTV) system with
a complex software architecture (Fischer, 2004; Stroucken et al., 2005; Tekinerdogan, Sozer & Aksit,
2008). Furthermore, they must be able to interact with a digital or analogue cable signal, the Internet
(wired or even wireless), set-top box, DVD player, harddisk recorder, digital camera, game console,
multimedia center, VCR, PC etc.

From a consumer point of view, this also implies that consumers have more difficulties in
understanding and using televisions with far more advanced menu options, cable connectors etc., as, for/

Qmple, shown by Damell (2008).

Example 1.1 Example of increasing complexity of LCD TVs.

Interestingly, from a business perspective, research has shown that for complex CE the
number of consumer complaints and even product returns is increasing (Den Ouden, 2006).
This is shown in Figure 1.1. This increase in complaints not only results in more costs for
complaint handling at customer service centers and helpdesks, but also has a negative effect
on consumer satisfaction, word of mouth, and even repurchase intention (Day & Landon,
1977).

~1.5%

1980 1990 2000

Figure 1.1  Average percentage of consumer complaints on new CE products relative to
the number of products sold worldwide (Den Ouden, 2006).

More importantly, analysis of these complaints shows that this increase in complaints is not
due to hardware failures (i.e. not meeting explicit product specifications), but to problems
both within the product’s capabilities (e.g. problems with ease of use and learning or
understanding the product) and beyond the product’s capabilities (i.e. not meeting consumer
expectations) (Den Ouden, 2006; Koca & Brombacher, 2008). An example of how the
number and diversity of consumer complaints on complex CE are increasing and what the



potential business impact is, is the development of smart phones (i.e. complex, high-feature
mobile communication products). These developments are discussed in Example 1.2.

Consumer complaints on smart phones
A study of mobile device returns in the United Kingdom showed that one in seven cell phones

was returned as faulty within the first year of purchase (Overton, 2006). Of these returns, about
63% had no hardware or software fault but the reported problems related to usability, a
mismatch with the consumer's expectations, or issues relating to the configuration of the device.
Another survey in 2007 in the United States showed that 29 % of the cell phone users
experienced a product failure in the past 12 months of product use (Horrigan, 2008).

A specific example of how product complexity of smart phones can lead to consumer
complaints of which the root cause is difficult to determine, is the introduction of the iPhone in
the Netherlands in 2008. Since its market introduction consumers report problems with the
quality of the network coverage and subsequently blaim the network provider (Van Dijk,
2008). However, the network provider and other sources claim that either the product’s
software or a chipset from a third party manufacturer are to blaim (Krazit, 2008; Van Dijk,
2008). More recently, following consumer complaints on usability problems and software
failures of the recently introduced Blackberry Storm, the manufacturer announced that due to

time-to-market pressure, product failures are part of the new reality of making com[y

cellphones (Sharma & Silver, 2009).

Example 1.2 Example of consumer complaints in the smart phone industry.

Moreover, studies reveal that the causes of most of the product development faults associated
with these complaints can be traced back to decisions made during the early phases of the
PDP (Den Ouden, 2006; Koca & Brombacher, 2008). Effective decision making in the PDP
of CE is increasingly difficult in a market characterized by continuous technological
innovation, fierce global competition, strong pressure on time-to-market and fast adoption
cycles, and increasingly complex business processes (Brombacher et al., 2005; Den Ouden,
2006). Consequently, more in-depth understanding of consumer complaints is required from
both the product complexity and the consumer point of view. This dissertation will mainly
focus on the consumer point of view.

1.1.2 Project context

The research discussed in this dissertation has been carried out as part of the TRADER project
managed by the Embedded Systems Institute (ESI). This project is sponsored by the Dutch
Ministry of Economic Affairs under the BSIK program and is carried out by a consortium of
industrial and academic partners (Stroucken et al., 2005).

The previous section illustrated developments in the CE industry that led to an increase of
product complexity from both a product technological as well as a consumer point of view. In
this context, the TRADER project specifically focuses on broader reliability issues related to
the explosive growth of software content of embedded systems in CE. Given the increasing
level of product complexity, shifting error sources and strong pressure on time-to-market,
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zero defect software is not (economically) feasible (Siewiorek et al., 2004; Stroucken et al.,
2005). The main objective of TRADER is therefore the development of methods and tools for
ensuring reliability of CE resulting in the minimization of product failures that are exposed to
the consumer (Stroucken et al., 2005). Within this main objective, the project focuses on
Digital Television (DTV) systems as an application domain.

In general, the TRADER project aims to address the issues above by (Stroucken et al., 2005):
e Developing system architectural methods and tools for designing reliable embedded
systems.
¢ Providing software implementation techniques for failure mode detection, failure
localization and failure recovery.
e Developing a consumer-centered approach to identify and assess product failures from
a consumer perspective.
The research presented in this dissertation is primarily concerned with the last research topic,
consumer-centered design for reliability. It focuses on including the consumer perspective and
actual consumers to identify and minimize the impact of the most important product failures.

Finally, it is important to note that this research work has been carried out partly in parallel
with the research work of De Visser (2008), which also has been part of the TRADER project.
Although both projects dealt with consumer-centered design for reliability, each project
focused on different aspects of the identification and analysis of product failures. How these
projects relate to each other, and how the research context is translated into a definition of the
specific research problem addressed in this dissertation, will be discussed in the following
sections.

1.2 Problem definition

Section 1.1.1 illustrated that the increase of consumer complaints on CE in an industrial
context can be traced back to increasing uncertainty in decision making in PDPs of
increasingly complex products. According to Mullins and Sutherland (1998), manufacturers
in rapidly changing markets such as the CE industry are confronted by market, product
technology and industrial chain related uncertainties, which have to be effectively managed
during the PDP. Previous research showed that the existing approaches for managing product
Q&R are not sufficient in the changing business context of CE as they lack consumer
orientation (De Visser, 2008) and do not cover the increasing market and product technology
uncertainty (Brombacher et al., 2005; Den Ouden, 2006). Additionally, the results of a
literature review (presented in a separate studyz) show that even currently used consumer test

* This study is published in: “Keijzers, J., Den Ouden, P.H. & Brombacher, A.C. (2006). Evaluating test methods
in dealing with customer perceived failures in highly innovative product development. In Proceedings of the
IEEE International Conference on Management of Innovation and Technology, volume 2 (pp. 576-580).
Singapore: IEEE”.



methods do not provide sufficiently rich information on how diverse consumer groups
experience product failures. In short, currently used methods do not fully cover the variability
of the root causes of consumer complaints: the number of consumer complaints is rising while
at the same time the root cause of these complaints is more difficult to retrace. As a result,
there is a lack of understanding of product failures and subsequent consumer complaints from
a consumer point of view.

To understand why this insight is currently lacking, this section further discusses the
uncertainties associated with the increase of the number of consumer complaints from both
the consumer and the product developer perspective. First of all, consumers have become far
more demanding, more fragmented, and less predictable than they used to be. While CE used
to have a single functionality and were developed for local markets, they are now becoming
increasingly multifunctional, flexible and adaptive and are developed for global mass
consumer markets. Furthermore, products move faster through their adoption cycles (Den
Ouden, 2006), as shown in Figure 1.2. From this figure it can be seen that approximately the
eighth generation of VCRs reached the late majority adopter group while already the third
generation DVD recorders reached this adopter group. Consequently, it becomes far less
feasible to define homogenous target consumer groups with a certain use profile with a high
level of certainty (De Marez & Verleye, 2004; Grudin, 1991; Kujala & Kauppinen, 2006)
compared to the development of one tailored product for a very narrow adopter group in the
past (e.g. the first computer systems). Combined with the increase in cognitive complexity as
discussed in section 1.1.1, the behavior of the product in the field becomes far less predictable.

Early Late .
- Early.~ Majority Majority
| Addpters
Innovators, ..+** La_ggirds
............ 55% 13.5% 34% 34% 16%
Ne of product generations: Time

VOV YV OV V V ¥V V V¥V V¥V Vv VCR:>10
7 N N vy DVD-R: ~3

Figure 1.2  Reduced time to commodity in the product adoption cycle (Den Ouden, 2006).

Secondly, product designers have difficulty predicting and preventing consumer complaints
for these large and diverse consumer groups. Research by De Visser (2008, chapter 4) shows
that in practice product designers have difficulties predicting the level of dissatisfaction that
consumers experience when confronted with a product failure. As discussed by A. Cooper
(1999, p. 17), Norman (1998, p. 155) and Hasdogan (1996), product designers and developers
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often use themselves as “target customer” and therefore as the frame of reference during
product development. This implies they do not take the “normal” user of the product into
account. As an example, A. Cooper (1999) discussed that software developers have a very
difficult time making products easy to use for consumers who do not have the same level of
knowledge on software; they often assume the consumer has a considerable (often implicit)
amount of knowledge that the real consumer may lack. Consequently, Den Ouden (2006, p.
58) argues that product developers need more insight in differences among consumer groups
to increase the coverage of the current reliability testing program and to be able to prevent
consumer complaints before a new product enters the market.

However, research shows that there is another side to this problem. Product development
faults do not always lead to consumer complaints and, vice versa, consumer complaints
cannot always be (directly) attributed to faults made during product development (De Visser,
2008; Den Ouden, 2006). Research in the field of information systems shows that product
development faults and their activation in the form of product errors often do not lead to
visible product failures and thus consumer complaints (Aviezinis, Laprie, Randell &
Landwehr, 2004). On the other hand, product behavior within specifications may be totally
unacceptable for some consumers because it simply does not meet their expectations (Den
Ouden, 2006; Siewiorek et al., 2004). For example, a consumer can perceive that a DVD
player is malfunctioning because it does not recognize a certain DVD while it could be a part
of the product’s specifications not to play a dirty or damaged DVD because it would result in
a decreased picture quality of the movie. Consequently, the relation between product
development faults and consumer complaints is not fully understood. Product development
faults are only important when they are triggered during product use, perceived as a failure
and result in consumer dissatisfaction.

To capture all potential sources of consumer complaints, a broader definition of Q&R
problems than only the by the product developer “acknowledged” product development faults
is therefore required: Consumer-Perceived Failures (CPFs). In this context, a CPF refers to all
situations in which the consumer perceives that something is actively wrong with the product
which s/he may decide to report to the manufacturer and/or other parties involved (e.g. a
service provider). This implies that a CPF might be due to one, or an interaction of two or all,
of the following sources:

o Product development fault: hardware or software faults or flawed interaction between

components and/or services of different parties involved
e Product usage environment: both the social and usage context of product use.

e Consumer: the consumers’ own actions or perception that something is wrong (while
the product is meeting the product specifications).

Summarizing, in this section it was shown that existing approaches for managing product
Q&R do not cover uncertainties associated with the increase of consumer complaints for
complex CE. The problem is that there is a lack of consumer insight with respect to the
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relation between the heterogeneous target consumer groups and the propagation of product
development faults to CPFs and consumer complaints. Consequently, as discussed by Den
Ouden (2006, p. 37), to be able to capture all (potential) reasons for dissatisfaction and
product returns, product designers need a better understanding of the consumer experience
with respect to all phases of their interaction with complex CE.

1.3 Aim of the dissertation

This dissertation aims to gain more insight into the relation between the diversity of
consumers and the propagation of product development faults to CPFs and subsequent
potential consumer complaints for complex CE. This insight can be used twofold:

1. To better account for the heterogeneity of the target consumer groups and to better
account for the consumer’s perception of product failures to improve the input for, and
measurements prescribed by, currently used methods and tools to manage product
Q&R.

2. To support design decisions in the PDP of CE to help prevent potential CPFs before a
new product enters the market.

In the project context discussed in section 1.1.2 these insights are valuable to support product
developers since they do not know how consumers will respond to software reliability
improvements in the application domain. Many consumers do not know how a TV technically
functions and simply respond to the observable behavior of the TV. A zero-defect product
will not be feasible, but a reliable “TV-of-the-future” from a consumer perspective will be
required.

This dissertation intends to contribute to this goal in three steps. First, the dissertation aims to
investigate how consumer diversity and its effect on the propagation of product development
faults to CPFs and subsequent consumer complaints can be modeled. In Chapter 2 it will be
shown that the classical Q&R fault-complaint propagation model fails to capture all potential
reasons for consumer complaints. Insights from a consumer complaint model from consumer
behavior literature will be used to model the fault-complaint propagation from a consumer
point of view. Subsequently, it will be shown that the currently used consumer segmentation
criteria do not sufficiently cover differences in CPFs. Based on insights from Human-
Computer Interaction (HCI) and consumer behavior research, in this dissertation consumers
will therefore be differentiated on multiple dimensions of a single consumer characteristic that
affects the consumers’ understanding of complex CE: “consumer knowledge”. Research by
Alba and Hutchinson (1987) showed that consumer knowledge relates to both the cognitive
structures consumers have (e.g. beliefs about a product’s functioning) as well as the cognitive
processes to be able to perform product-related tasks successfully. As such, differences in the
level of consumer knowledge on complex CE will be used in this dissertation to gain more
insight into the occurrence of CPFs.



Second, the dissertation will provide a conceptual framework to better understand the
underlying factors related to the propagation of product development faults to consumer
complaints. In Chapter 3, two important mediating variables in this framework, product usage
behavior and failure attribution, will be further investigated. Product usage behavior will be
measured in terms of usability measurements as well as in terms of product usage patterns.
Failure attribution will be used as a measurement of the consumer’s perception of a product
failure cause. Oliver (1996) and Folkes (1984) have shown that failure attribution
significantly influences various post-purchase behaviors such as consumer dissatisfaction and
complaining behavior.

Third, the dissertation partially validates this conceptual framework by investigating how
differences in consumer knowledge affect the two selected mediating variables. By relating
consumer knowledge to differences in product usage behavior and failure attribution, this
dissertation aims to contribute to the understanding of how consumer diversity affects the
propagation of product development faults to consumer complaints.

Finally, it is important to discuss how the goals of the research presented in this dissertation
relate to the goals of the research project conducted by De Visser (2008) in the same project
context. It was previously discussed in section 1.1.2 that both research projects focus on
consumer-centered design for reliability. In this context, the research by De Visser (2008)
aimed to provide an overall high-level framework for product designers to assess the impact
of potential quality problems on consumer dissatisfaction. Both a product technology (i.e.
failure characteristics) and a user’s point of view (i.e. user characteristics and use conditions)
are integrated in this framework to provide designers a user-centered assessment of perceived
failure severity. This dissertation does not focus on the level of product failure impact
assessment but aims to provide insight into how certain consumer characteristics result in
different CPFs which could eventually result in differences in perceived failure severity. As
such both research projects are complementary and aim to support the decision making
process during the PDP of complex CE by providing a consumer-focused approach.

1.4 Definition of concepts

The previous sections illustrated that the topic of this dissertation covers multiple disciplines,
including Technology Management, Industrial Design, Marketing, Information Sciences and
Psychology. Since many concepts used in this dissertation have a different meaning in
different research contexts, this section presents an overview of the definitions and use of the
most important concepts as they are used in this dissertation. A formal definition of all the
concepts used in this dissertation can be found in the glossary.



First of all, because this dissertation deals with the perception of product failures in CE from
the perspective of individual persons, throughout the dissertation the generic term “consumer”
will be used to refer to a product’s (intended or actual) user, buyer (usually referred to as
“customer”) or any other individual or group of interest for product development (PDMA
NPD Glossary, 2009).

Furthermore, similar to the research presented in the dissertation by De Visser (2008), in this
dissertation an extended quality definition is used in which quality refers to “the collection of
attributes, which when present in a product, means a product has conformed to or exceeded
consumer expectations” (adapted from PDMA (2009)). In this context, all situations in which
a consumer perceives that something is actively wrong with the product, i.e. the product does
not meet the consumer’s expectations, will be referred to as a “consumer-perceived failure”.
As such, a CPF can originate from the product’s manufacturer(s), the consumer, the
environment of product use or interaction between these variables. Unless stated otherwise,
no further distinction is made between hard and soft failures or reliability problems
(Brombacher et al., 2005), usability or utility problems (Nielsen, 1993) or any other
differentiation from the research domains involved.

Finally, the research presented in this dissertation is predominantly focused on CE with a high
degree of product complexity from both a consumer and technological complexity point of
view. This includes high-feature products such as smart phones, multimedia entertainment
centers, game consoles etc. and excludes for example CE such as a simple alarm clock or a
coffee machine.

1.5 Overview of the dissertation

In this section, an overview is given of the content and structure of the dissertation. First, in
Chapter 2, the results of a literature review will be presented, which investigated the different
stages of, and influencing factors on, the propagation of product development faults to CPFs
and consumer complaints. These results are used to formulate a conceptual model that
incorporates the consumer perspective on product failures. Subsequently, based on a review
of methods and consumer segmentation criteria used to involve consumers in the PDP, it will
be shown that these methods do not cover the variability of CPFs as defined in the conceptual
model. This chapter therefore concludes with the argumentation for a need to differentiate
consumers on deeper level characteristics instead of consumer profiles to investigate the
consumer’s perception of product failures. The results of a literature review on relevant
characteristics will be discussed which results in an explicit choice to focus on ‘“consumer
knowledge” as main differentiator of consumers in the remainder of the dissertation.

Based on the results of the literature review discussed in Chapter 2, Chapter 3 starts with an
explorative experiment to investigate the relation between one dimension of consumer
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knowledge (i.e. familiarity) and the propagation of an implemented product fault to CPFs.
Subsequently, the insights from this experiment are used to further investigate and define two
important mediating variables which affect CPFs: product usage behavior and failure
attribution. On the basis of these results, this chapter concludes with a conceptual research
framework, formulation of the research questions and an overview of the research approach.

In Chapter 4, the set-up and results of a survey, which was used to investigate whether
consumers can be differentiated on knowledge of complex CE, will be presented.
Subsequently, this differentiation is used in Chapter 5 to investigate in a laboratory
experiment how consumer knowledge differences affect product usage behavior when
consumers are asked to perform complex product tasks.

In Chapter 6 and 7 the hypothesized effect of consumer knowledge on failure attribution is
investigated for different types of product faults in subsequently a web-based and a laboratory
experiment.

Finally, in Chapter 8, the most important findings of this research are summarized and main

conclusions are drawn. Furthermore, theoretical and practical implications are discussed and
directions for future research are given.
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2 Fault-complaint propagation from a
consumer perspective

As discussed in the previous chapter, there is a lack of insight into the relation between the
diversity of consumers and the propagation of product development faults to consumer
complaints. This chapter presents the results of a literature review to gain more insight into
this relation from a consumer point of view.

In section 2.1 a conceptual model is developed to give insight into how consumer diversity
affects the different stages of the propagation of product development faults to consumer
complaints. This section concludes with a discussion leading to the initial research focus.
Subsequently, section 2.2 discusses different ways in which consumer diversity can be
modeled to investigate differences in consumer-product interaction problems and CPFs. This
section concludes with an argumentation to further focus on cognitive consumer models.
Finally, in section 2.3 related research on consumer differentiation on cognitive models is

discussed. This section concludes with a further narrowed down research focus.

2.1 Understanding the propagation of product development faults to
consumer complaints

To better understand how diversity of consumers affects consumer complaints, this section
discusses the positioning of the concept of CPFs and its antecedents in the propagation of
product development faults to consumer complaints. In literature different approaches can be
found which already partially address this propagation. This section reviews a model from a
Q&R perspective and from a consumer behavior perspective. The gaps found in both models
will be addressed in a revised conceptual fault-complaint propagation model from a consumer
perspective.

2.1.1 Consumer complaints on complex consumer electronics

Traditionally, consumer complaints on and returns of CE are logged at customer call centers
and service centers respectively, and analyzed to improve subsequent product generations
(Petkova, 2003). However, as shown in Figure 2.1, research by Brombacher et al. (2005) has
demonstrated that of an increasing percentage of these complaints, the root cause cannot be
determined (i.e. so called “No-Failure-Found” (NFF)).
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Figure 2.1  Percentage No-Failure-Found in modern high-tech, high-volume consumer
electronics (Brombacher et al., 2005)

According to a recent study performed by Accenture in 2007 (Steger, Sprague & Douthit,
2007), in the USA alone approximately 13.8 billion USD is spent in the CE industry on
analyzing and processing product returns. According to their study, NFF contributes to 20%
of these costs. This is an important problem for CE manufacturers, and even more important
when considering trends in warranty coverage which nowadays allow consumers to return
their products when the product simply does not meet their expectations (Berden, Brombacher
and Sander (2000)). Furthermore, as shown in Figure 2.2, complaints are only one of many
ways via which consumers express dissatisfaction with a product (Day & Landon, 1977). In
other words, from a manufacturer point of view, complaints are only the “tip of the iceberg”
and possibly refer to many more “hidden” problems. Although not directly visible, private
action as depicted in Figure 2.2 can have a significant effect on cost of non-quality in the
longer run.

To be able to gain more insight into the relation between consumers and the propagation of
product development faults to consumer complaints, the first step is to understand what
consumers complaints are about. As discussed in Chapter 1, the increase of complaints on
complex CE is not due to the product not meeting specifications alone, but due to problems
both within and beyond the product’s capabilities (Koca & Brombacher, 2008). Further
analysis of consumer complaints on CE in several case studies indicates that the percentage of
complaints related to such problems is more than 50% (Den Ouden, 2006; Koca &
Brombacher, 2008, Overton, 2006). Examples of such problems include problems with the
installation and configuration of a device, connectivity problems (compatibility) with other
products, not being able to understand the User Interface (UI), manual or product feedback
messages etc.
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Figure 2.2  Classification of consumer complaint behavior (Day & Landon, 1977)

Research by Petkova (2003) and De Visser (2008) shows that because service centers are
strongly logistically oriented to keep the service costs at a minimum, the currently used field
feedback mechanisms do not provide sufficient information to be suitable for the
identification of the root causes of this wide spectrum of consumer complaints. The data
logged at these service centers lack information on the consumer and the context in which the
problem occurred, resulting in an increase of NFF (De Visser, 2008; Koca, Karapanos &
Brombacher, 2009). Besides service and helpdesk related feedback, manufacturers can also
collect consumer feedback on problems via the Internet through web-based helpdesks or
forums or via the seller of the product (Den Ouden, 2006; Koca, Karapanos et al., 2009).
Although there are indications that this feedback is more suitable for root cause analysis (Den
Ouden, 2006), it is currently still questionable whether these sources provide reliable and
complete information on all potential reasons for consumer complaints. For example, it is
likely that not all consumer groups use the Internet to give feedback. Moreover, research by
Den Ouden (2006, chapter 5) reveals that even technical product failures are difficult to
analyze and classify due to lack of contextual information on the root cause of a complaint.

Summarizing, although there is ongoing research to improve the use of field feedback to
better diagnose consumer complaints and subsequently use that information in the PDP’, it
does not provide enough information to understand when product failures are triggered,
perceived and reported by the consumer (see also De Visser (2008, chapter 2)). The next step
is to investigate whether there are models in literature that give more insight into the context
in which consumer complaints arise and how CPFs would fit in such a model. In the

3 More information on research conducted on these topics can be found in the project descriptions of the IOP
‘Managing soft reliability’ project (Senternovem, 2005) and the IOP ‘Data fusion’ project (Senternovem, 2008).
An overview of the first results of the ‘Managing soft reliability’ project can be found in Koca, Funk et al.
(2009).
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following sections, models from the Q&R field and from the consumer behavior field related
to the fault-complaint propagation are discussed.

2.1.2 Fault-complaint propagation from a quality and reliability perspective

Derived from literature in Information Science, the propagation of faults to potential
consumer complaints from a Q&R perspective consists of four phases as is shown in Figure
2.3.

7’ S Ve N 7 ~
’ Ny Ny N
L]
. Consumer
Product fault Product error Product failure .
complaint

Figure 2.3 Q&R perspective on the propagation of product faults to consumer complaints
(Aviezinis et al., 2004; De Visser, 2008)

This classical Q&R model, which originates from more than 20 years of research on
dependable computing and fault tolerance (Aviezienis et al., 2004; Laprie, 1985), depicts a
product failure as the main prerequisite for a consumer complaint. In this context a product
failure is defined as (Aviezinis et al., 2004): “an event that occurs when the delivered service
deviates from the correct service”. Aviezienis et al. (2004) further state that this event occurs
because the service deviates from the functional specification or because the specification did
not adequately describe the system function. The deviation of the external state of the system
from the correct service state is called a product error. Please note that from a system
dependability point of view, the term “system” can also refer to an internal system of which
many together form a larger system (i.e. product) from a consumer point of view. Finally, the
hypothesized cause of a product error is called a product fault (Aviezinis et al., 2004). In the
Q&R model dashed arrows are used to indicate that each causal relation between the elements
of the model implies that one or more occurrences of a cause could potentially but not
necessarily lead to the occurrence of its effect. For example, a product error in sub system A
can directly lead to a product failure while a product error in sub system B, only together with
the occurrence of product error in sub system C and D leads to a product failure. Furthermore,
a product error in sub system E could be such that it never leads to a product failure.

Although this model originates from Information Science literature and is used to model the
propagation of hardware and software faults (Aviezinis et al., 2004; Siewiorek et al., 2004), it
can also be used to model the propagation of other types of potential faults in CE (De Visser,
2008, chapter 1). Given the goal of this research project and the broad definition of a product
failure in Chapter 1, no further distinction will be made between product faults and product
errors and all hypothesized causes of product failures will be referred to as (product
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development) faults. In other words, in terms of the variables shown in Figure 2.3, this
dissertation does not further distinguish between product faults, errors and failures.

Given the research and project context discussed in section 1.1, this dissertation will generally
focus on two different types of product development faults: faults related to the interaction
design and faults related to the product’s software (Brombacher et al., 2005; Koca &
Brombacher, 2008; Siewiorek et al., 2004)4. Interaction design faults refer in this context to
all product development mistakes resulting in problems where the product meets its
specifications but the consumer cannot use, find or understand a product’s functionality (Koca
and Brombacher, 2008). For example, these faults relate to a bad design of the UI, manual and
even because too much or the wrong functionalities are included in the product. Summarizing,
this Q&R model helps to explain how mistakes made during product development can
potentially result in situations in which the product is no longer functioning according to its
specifications.

However, it does not fully capture all potential reasons for consumer complaints from a
consumer point of view because this model is intended to give insight in the propagation of
faults to consumer complaints from a technical Q&R perspective. First of all, from a Software
Engineering point of view Siewiorek et al. (2004) and Chillarge (1996) discuss that system
availability and software failures should be defined and analyzed from a consumer perception
point of view since a consumer to a large extent determines whether a failure has occurred or
not. In other words, a product failure from a technical, Q&R perspective is not necessarily a
CPF. To understand why the concept of perception is important for understanding reasons for
consumer complaints, first the concept of perception needs to be defined. According to Smith,
Nolen-Hoeksma, Fredrickson and Loftus (2003, p. 190) “perception involves the translation
of information acquired by our senses into a meaningful experience”. A key distinction in
perception is between bottom-up and top-down processes. Bottom-up processes are driven
solely by input, raw sensory data while top-down processes are driven by a person’s
knowledge, experience, attention and expectations (Smith et al., 2003). Consequently, since
not every consumer is an expert on complex CE and often does not fully understand a
product’s functioning (see for example A. Cooper (1999) and Norman (1998)) and since the
same product is used in different usage environments, this results in differences in problem
solving behavior when encountering a failure and even differences in perception of what is a
failure and what is not. In other words, a fault is only a problem when the consumer perceives
it as a problem. Therefore, all three antecedents of CPFs (i.e. product development faults, the
consumer and the environment) need to be captured in a model to fully understand the
propagation of faults to consumer complaints and to give a product designer better insight to
better predict consumer complaints.

* Koca and Brombacher (2008) also distinguish faults related to hardware, manufacturing, back-end marketing
and service but these are out of the scope of the Trader project as described in section 1.1.2.
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Before addressing this gap in a revised model in section 2.1.4, another drawback of the model
shown in Figure 2.3 needs to be addressed. Recent research in HCI shows that simple error
metrics fail to capture the consequences consumers experience while encountering product
failures (Feng & Sears, 2009). A product failure as defined in the Q&R model does not
automatically result in a consumer complaint. From a psychological point of view, complaints
are defined by Kowalski (1996) as “expressions of dissatisfaction, whether subjectively
experienced or not, for the purpose of venting emotions or achieving intrapsychic goals,
interpersonal goals or both”. In other words, a deviation from correct service and even a
perceived deviation of correct service do not automatically lead to a consumer complaint. To
better understand the relation between CPFs, dissatisfaction and consumer complaints, a
failure-complaint propagation model from a consumer behavioral perspective will be
discussed in the following section.

2.1.3 Failure — complaint propagation from a consumer behavior perspective

Research in the field of consumer (complaint) behavior has shown that there are many
mediating and moderating factors between the outcomes of a consumption experience (both
positive and negative, such as a product failure) and the resulting levels of (dis)satisfaction
and related potential complaints (Broadbridge & Marshall, 1995; Fournier & Mick, 1999;
Oliver, 1996). Derived from a basic satisfaction model discussed by Oliver (1996), a
theoretical consumer behavioral perspective on the propagation of performance outcomes to
consumer complaints is shown in Figure 2.4. Please note that the consumer behavior model
only depicts dissatisfaction since the goal of this research is to investigate consumer
complaints.

Situational,
personal, product
and industry related
factors

Y
Performance Psychological Consumer Consumer
outcomes processing dissatisfaction complaint

-~
—— -——
— -

Antecedent states

Figure 2.4  Consumer behavioral perspective on consumer complaints (derived from
Oliver (1996, chapter 2))

Before discussing how and to what extent the consumer behavior model gives better insight
into the propagation of faults to consumer complaints, first the concepts and functioning of
this model need to be explained. In this model a performance outcome is defined as (Oliver,
1996, p. 28): “the perceived amount of product or service attribute received, usually reported
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on an objective scale by good and bad levels of performance”. In other words, this model
takes the consumer perception of an outcome as a starting point. Subsequently, the
consumer’s psychological processing mediates the impact of these performance outcomes on
(dis)satisfaction judgments (Oliver, 1996, p. 40)°. In some instances a performance outcome
can directly result in a satisfaction judgment without psychological processing, as indicated
by the dashed arrow. Furthermore, the model also incorporates antecedent states (e.g.
expectations or prior experience) as possible moderating variables of the psychological
processing.

According to this model the emerging dissatisfaction judgment precedes a consumer
complaint. In this context, dissatisfaction is defined as (Oliver, 1996, p. 28): “a judgment that
a product or service feature, or the product or service itself, provided (or is providing) an
unpleasant level of consumption related fulfillment, including levels of under- or
overfulfilment”. Although dissatisfaction is a prerequisite for consumer complaints, research
has shown that the majority of complaining behavior does not originate from simple
dissatisfaction (Broadbridge & Marshall, 1995; Oliver, 1996; Tronvoll, 2007). A literature
review by Tronvoll (2007) has shown that situational (e.g. moment and situation in which
dissatisfaction occurs), personal (e.g. personality and emotional factors), product (e.g.
durables vs. non-durables) and industry related factors (e.g. channels via which a complaint
can be filed) need to be taken into account when predicting consumer complaint behavior.
Although research by Broadbridge and Marshall (1995) has shown that the percentage of no-
action for durables such as CE is significantly lower than for other products, these factors
need to be taken into account when assessing the propagation of faults to consumer
complaints. Moreover, there are indications that stand alone problems, for example related to
usability, should be evaluated in the long-term context of user experience which in turn results
in more meaningful (dis)satisfaction judgments (for example to assess repurchase intention
etc.) (Desmet & Hekkert, 2007; Karapanos, Zimmerman, Forlizzi & Martens, 2009). This is
beyond the scope of this dissertation but nevertheless indicates the complexity of consumer
(dis)satisfaction judgments.

Summarizing, the consumer behavior model presented in Figure 2.4 provides insight into how,
from a consumer point of view, perceived performance outcomes can potentially result in
consumer complaints. Consequently, this model partially addresses the gap between failures
and complaints in the Q&R model shown in Figure 2.3 in the previous section. However,
since this model is from a pure consumer behavioral point of view, it does not fully address
the antecedents of CPFs (i.e. consumers, the environment and product development faults)
and it does not address the relation between product failures from a Q&R perspective, CPFs
and perceived performance outcomes. In the following section, elements of both models will

> Please note that there are many factors underlying the consumer’s psychological processing of performance
outcomes in satisfaction judgments (see Oliver, 1996). However, for the exploratory purpose of this section,
these factors will not be further elaborated upon.

19



be used to develop a revised model to give insight into the relation between consumers and
the propagation of faults to consumer complaints.

2.1.4 Conceptual research model

The purpose of section 2.1 is to discuss the positioning of the concept of CPF in the
propagation of faults to consumer complaints. From section 2.1.1, it can be deducted that
CPFs are very context and consumer dependent, which explains why it is difficult for
traditional cost-optimized field feedback channels to retrieve the root cause of consumer
complaints and product returns. Subsequently, in section 2.1.2 and section 2.1.3 two fault-
complaint propagation models were discussed, one from a traditional Q&R perspective and
one from a consumer behavior perspective. Although both models give valuable insight into
how potential mistakes in the PDP can eventually lead to a consumer complaint, a new
conceptual model needs to be formulated because both individual models; 1) do not address
the whole propagation chain, and 2) do not explicitly cover the concept of CPFs and all of its
antecedents.

As discussed in the previous sections, a product failure as defined from a Q&R perspective
does not automatically lead to a CPF. To better understand how to incorporate the concept of
CPFs in this propagation, it is important, as discussed in section 1.2, to consider that faults are
only important when they are triggered during product use, perceived as a failure and result in
consumer dissatisfaction. Consequently, product use needs to be included in the model when
considering that faults can only result in CPFs when they occur during consumer-product
interaction. In other words, a fault can become a consumer-product interaction problem (from
now on referred to as interaction problems) when this fault is triggered during the use of the
product and limits the consumer in achieving his/her goals. Differentiation between
interaction problems and CPFs is important because it denotes the difference between
something objectively going wrong during consumer-product interaction (e.g. a bad picture
quality) and the subsequent perception by the consumer that this is a failure (e.g. perceived
failure of the TV or the cable signal provider). In other situations an interaction problem could
be solved by the consumer before it is perceived as a product failure.

Furthermore, Fournier and Mick (1999) and Rooden and Kanis (2005) discuss that it is
important to consider that product usage and product failures only have a meaning when they
are studied with the unpredictable variability of real consumers in realistic product usage
environments. To address these gaps, the propagation model needs to incorporate both the
environment and the consumer as possible antecedents of interaction problems and
subsequent CPFs. Besides originating from faults during product development, the
functioning and interpretation of the functioning of complex products such as CE is always
dependent on the functioning of other technologies, services and infrastructure in their
environment, on the consumer him/herself and on other people affected by the product use
(Shackel, 1984; Verbeek & Slob, 2006; Wever, Van Kuijk & Boks, 2008). Interaction
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problems, CPFs and the consumer’s response to a perceived failure are dependent upon the
characteristics of consumers using these products and upon the variability of the environments
in which these products are used.

The combination of the insights from these theoretical models leads to the design of a
conceptual research model to position the concept of CPF and its antecedents in the
propagation of faults to consumer complaints. This model is shown in Figure 2.5. As will be
further explained at the end of this section, this dissertation will limit its investigation to the
highlighted relations within the “initial research focus”.

Product
development fault

y Initial research focus

Consumer product
interaction problem

Consumer (group)

Consumer-
perceived failure

Consumer’s affective, Usage environment
emotional and behavioral | and other
response to a extraneous
perceived failure variables

Figure 2.5  Fault-complaint propagation model

The functioning of this model can be explained as follows. Faults can, for certain consumers
under certain usage conditions, lead to a problem when a consumer is interacting with the
product. Subsequently, again depending on the consumer and the usage situation,
psychological processing of this problem could result in a situation where the consumer
perceives that something is actively wrong with the product, which s/he may then decide to
report to the manufacturer or other parties involved in this usage situation (e.g. a service
provider): a consumer-perceived failure. Next, again depending on the consumer, the usage
situation and other external factors, psychological processing of this perceived failure results
in an affective, emotional and behavioral response (e.g. a complaint).
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Regarding the use and interpretation of the concepts and relations in this model, please note
that, similar to the relations described in the Q&R fault propagation model, the top-to-bottom
propagation of faults to the consumer’s response to a perceived failure should be interpreted
as such that the occurrence of a cause can possible, but not necessarily lead to the occurrence
of its effect. For example, for some consumers with a certain usage profile in certain usage
environments, a fault can lead to an interaction problem while for other consumers this
problem never occurs (although the preceding fault is assumed to be always present).
Additionally, in some instances the combination of several faults can lead to a problem during
interaction (e.g. a software fault combined with feedback messages in the UI that are
misinterpreted by the consumer). Finally, it is important to note that, although this dissertation
focuses on faults as an antecedent, the propagation can start at (a combination of) any of the
three described antecedents of CPFs.

As was described in Chapter 1, the goal of this dissertation is to investigate the relation
between the heterogeneity of consumer groups using CE and the propagation of product
development faults to consumer complaints. Due to time constraints and due to the context of
the TRADER project in which this research takes place, only several aspects of this relation
will be further investigated. First of all, the influence of usage conditions and other extraneous
variables on the propagation is out of the scope of this research project and will not be further
investigated. Secondly, since the goal of the TRADER project is to focus on product failures,
this dissertation will specifically investigate the propagation of (software) faults to CPFs. In
this context, input from the TRADER project will be used to identify and use relevant product
development faults as a potential source of CPFs but the detection, analysis and prevention of
these problems in the product (software) itself is dealt with in other TRADER projects (see
also section 1.1.2 and Stroucken et al., (2005)).

2.2 Different views on consumer diversity

As stated in section 1.3, the aim of this dissertation is to gain more insight into the relation
between the variability of consumers and the propagation of faults to CPFs. Following the
definition of the antecedents and consequences of CPFs, the next step is to investigate which
differences between consumers affect this propagation and if so, in which manner they affect
this propagation. As a first step, in this section it is investigated how consumer diversity can
be addressed to gain more insight into interaction problems and CPFs as described in the
conceptual propagation model. In literature, many different views on how to address
consumer diversity can be found. This section addresses these different views by first
investigating which method is most appropriate to model consumer diversity for the goal of
this research. Subsequently, based on the chosen method, different consumer models and
underlying characteristics from both marketing and HCI perspective are discussed resulting in
a choice to further focus on cognitive models.
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In section 2.2.1, different methods to model consumer diversity are discussed. Subsequently,

in section 2.2.2 it is discussed why differentiating on the target consumer does not fully cover

differences in interaction problems and CPFs. Finally, in section 2.2.3, an overview is given

of relevant consumer characteristics for HCI and design research and it is discussed why

cognitive consumer models are the most important models for better understanding the

variability in interaction problems and CPFs.

2.2.1 Different methods to model consumer diversity

Consumer diversity is addressed by many different models in marketing, HCI, design and

consumer behavior research. Based on the research by Muller, Millen and Strohecker (2001),

the following methods to model consumer diversity can be defined:

The statistical average consumer: One statistical average consumer with certain

characteristics stands for the whole consumer population for a certain product. Such an
approach only works for very homogeneous and small consumer populations.
Statistical stratified sample: Characterizations of consumers in a small number of

relevant attributes and subsequently selecting representative consumers based on these
attributes. This approach is suitable for heterogeneous populations but its quality
depends on the assumptions underlying the selection and measurement of attributes.

Strategic sampling for diversity: Continuous sampling of consumers groups until the

most important sources of heterogeneity are exhausted. This approach is most suitable
for discovering diversity but not for using these different consumer groups for further
research.

Politically representative consumers: Commonly used in participatory design and co-

design approaches in which several consumers represent the interest of larger
consumer groups during product design (see for example Grudin and Pruitt (2002) and
Battarbee (2004)). These approaches are advocated for product design but are less
suitable for large, heterogeneous populations with high levels of uncertainty.

Fictitious consumers: Approach in which no real consumers are involved but instead

in-depth descriptions of fictitious consumers who represent the target population are
used. For example, in design research “personas” are used (Battarbee, 2004; A.
Cooper, 1999; Pruitt & Grudin, 2003). A persona is defined as “a precise description
of the user and what s/he wishes to accomplish” (A. Cooper, 1999, pg. 123). It is a
hypothetical archetype of an actual user, described in terms of specific goals,
operating in specific environments, having specific characteristics and skills. Personas
should prevent product developers from designing a compromise that incorporates
some useful aspect for every user but is not satisfying for any of them (A. Cooper,
1999). However, these aspects do not help to investigate how variability of consumers
can affect interaction problems and CPFs because for such analysis it is important not
to generalize into several hypothetical archetypes but to reflect actual usage and
failure perception of dynamic consumer groups. In other words, personas and other
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fictitious approaches are not capable of handling uncertainty with regard to consumer
diversity.
e Extreme consumers: The use of “untypical” consumers to challenge the product design

and develop new insights. For this approach two examples can be found. First of all,
Von Hippel (1986) proposes to use so-called “lead users”. Lead users are users who
face needs months or years before the mass consumer market encounters them and
expect to significantly benefit by obtaining a solution to those needs (Herstatt & Von
Hippel, 1992). This research is driven by the observation that insights of average
consumers into new product solutions are constrained by their own real world
experience and concept development and test methods are therefore unlikely to
generate novel concepts that conflict with the familiar concepts (Von Hippel, 1986).
Although this method is very useful for concept generation, it does not provide further
insight into the variability of problems consumers encounter during product usage
since lead users only represent a very small fraction of mass consumer markets.
Furthermore, identifying lead users is very difficult (Kaulio, 1998). Secondly, besides
lead users, in product development literature the use of extreme consumers is proposed
in the High Contrast Consumer Test (HCCT). This test is designed to make consumer
testing more effective by maximizing variability in the interaction between the product
and consumers to provoke product failures early in the PDP, which would normally
only be identified after usage in the field (Boersma, Loke, Loh, Lu & Brombacher,
2003). The HCCT includes use of extreme users who are on the edge of the defined
target user profiles (Baskoro, Rouvroye, Brombacher & Redford, 2003). However, the
literature on HCCT does not specifically address why certain demographics were
chosen as discriminating factors between extreme user groups and does therefore not
provide further insight.

Based on this overview, it can be concluded that statistical stratified samples are the most
suitable to gain more insight into consumer diversity for the purpose of this research.
Consequently, the emphasis of this research project is to select one or several important
characteristics of consumer groups to gain a deeper insight into how this characteristic affects
differences in interaction problems and CPFs. However, it is important to note that the goal of
this research is not to draw general inferences for a general population for which statistical
stratified samples are most often used in survey research.

Consumer characteristics can be differentiated from both a marketing and a HCI or consumer
behavior perspective. The following section discusses the most commonly used differentiation
of consumers from a marketing perspective: technology adoption.

2.2.2 Differentiating consumers based on technology adoption

In HCI and product design and development literature, the most commonly used sampling of
consumers for product design and test methods is the selection of “target customers” or
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“target users” (Bekker & Long, 2000; Griffin & Hauser, 1993; Ozer, 1999). In other words, a
product should be designed and tested with people who will probably be buying and/or using
the future product. One of the most commonly used models is the model of innovation
diffusion developed by Rogers (2003). Innovation diffusion is defined by Rogers (2003) as:
"The process by which an innovation is communicated through certain channels over time
among the members of a social system". He further states that there are seldom innovations
that represent a superior alternative to the previous product that it replaces. Consequently, an
innovation creates uncertainty in the minds of potential adopters about its expected
consequences as well as representing an opportunity for reduced uncertainty in another sense,
i.e. solving an individual's need or perceived problem. Among other things, this process
influences the degree to which an individual is relatively earlier in adopting innovations. The
time element of the diffusion process allows the generation of diffusion curves and
subsequently the classification of adopters into categories. Rogers (2003) identifies five
adopter categories, which are plotted on a bell-shaped innovation adoption curve (see also
Figure 1.2) and can be defined as follows:

e Innovators: This group is the first to adopt a new innovation. Among other
characteristics, they are very eager to try new ideas, have a substantial amount of
financial resources and have the ability to understand and apply complex technical
knowledge.

e Early adopters: This group is more substantial than the innovators and in most social
systems has the greatest degree of opinion leadership. The role of the early adopter is
to decrease uncertainty about a new idea by adopting it and then conveying the
subjective evaluation to other peers in their social network.

e Early majority: This group adopts new ideas just before the average member of a

social system. They follow with deliberate willingness in adopting innovations, but
seldom lead like innovators.

e [Late majority: This group adopts new products just after the average member of a
social system. Innovations are usually approached skeptically by this group and they
do not generally adopt innovations until most others in their social system have done
SO.

e [Laggards: This group is the last in a social system to adopt an innovation. They tend to
be suspicious of innovations and adopter categories like innovators. They tend to be
very slow in the innovation decision process and also have limited resources to adopt
innovations.

Although this model and other demographic and lifestyle based adoption models are widely
applied in research and practice, characteristics of segments determined by marketing
departments are often too narrow to encompass the diversity of potential consumers in
relation to consumer behavior (Berkman & Erbug, 2005). Furthermore, as stated in section 1.2,
due to the changing business context of the CE industry, it becomes far less feasible to define
homogeneous target consumer groups with a specific use profile with a high level of certainty
(De Marez & Verleye, 2004; Grudin, 1991; Kujala & Kauppinen, 2006). In other words,
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consumer profiling based on adoption related demographics only works if companies have to
deal with consumers who know exactly what they need, if those needs can be coupled with
stable consumer profiles, and if the product design sufficiently meets that profile. In the
highly uncertain market for CE none of these requirements are met.

Now the question remains which consumer profiles give more insight into differences in
interaction problems and CPFs for complex CE products. To answer this question, literature
shows that regarding the selection of consumers for product design and consumer tests,
several aspects need to be taken into account. First of all, several authors argue that the
selection of consumers and the method by which consumers should be differentiated depends
on the goal of the test (Gould & Lewis, 1985; Muller et al., 2001; Vredenburg, Isensee &
Righi, 2002). For example, when trying to predict product performance in the market, a
general population should be used, while for identifying problems with novice users only
novice users should be invited for the test (Vredenburg et al., 2002). Secondly, research has
shown that the differentiation of consumers on deeper level characteristics could improve the
predictive power of product test methods (Dillon and Watson, 1996; Kujala & Kauppinen,
2006). Differentiation of consumers on characteristics is especially important for research on
consumer products because these products are used by larger and more diverse populations
than products for which traditional ergonomics and HCI research is performed (Berkman &
Erbug, 2005). However, in this context it is important on the one hand not to underestimate
consumer diversity since consumers have a different understanding of product functioning
than designers, but on the other hand not to overestimate consumer diversity because taking
into account all potential characteristics can distract the designer from important issues
(Berkman & Erbug, 2005; Gould & Lewis, 1985; Nielsen, 1993; Potosnak, Hayes, Rosson,
Schneider & Whiteside, 1986). Consequently, to potentially gain more insight into how the
variability of consumers affects the propagation of faults to interaction problems and CPFs,
differentiation of consumers on deeper level consumer characteristics needs to be investigated.
How and which characteristics will be further investigated in this dissertation will be
discussed in the following section.

2.2.3 Relevant consumer characteristics for further research

Since this research project closely relates to HCI and consumer behavior research, an
overview of relevant consumer characteristics and consumer models used in these research
areas is shown in Table 2.1 on the next page. Although the categories do not fully overlap and
have different purposes, in general the characteristics discussed in these papers relate to the
model of product functioning by Kanis (1998), who argues that consumer activities are a
consequence of the consumer’s perception, cognition and subsequent use actions. Consumer
characteristics can be divided into perceptual, cognitive and physical characteristics
respectively, complemented by psychographic and demographic models which capture the
cultural, habitual and emotional differences between consumers (Hasdogan, 1996).
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Table 2.1 Overview of consumer characteristics and consumer models discussed in HCI

and design literature

Literature

Consumer characteristics and/or models

Dillon and Watson
(1996)

Hasdogan (1996)

Kanis (1998)

Kujala and
Kauppinen (2004)

Cognitive science: models used to predict individual differences in

information processing.
Personality and cognitive style: models used to predict individual

differences in personality (i.e. “traits or stable tendencies to respond
to certain classes of stimuli in or situation in predictable ways”) and
cognitive style (i.e. “stable patterns of information processing that are
displayed by an individual”).

Psychomotor differences and skill acquisition: models used to predict
individual differences in psychomotor performance and skill
acquisition.

Physical models: models that represent mechanical and dimensional

characteristics of the human body.
Cognitive models: models that represent the human being’s sensory

and cerebral processing system, his characteristics and limitations
relates to the elements of that system and the outcome of such
processes (e.g. mental and sensory models).

Consequence models: models that represent undesired outcomes from

human-machine interaction such as accidents, errors etc.

Psychosocial models: models that represent the emotional, cultural
and habitual characteristics of humans (e.g. psychographic and
demographic models).

Sensory characteristics: human characteristics used for noticing a

product’s functionality or functioning (i.e. perception).
Mental characteristics: human characteristics used for understanding a

product’s functionalities or functioning (i.e. cognition).
Physical characteristics: human characteristics related to the ability to

perform use actions when using a product (e.g. exerting force).

Personal characteristics: demographics, lifestyle, personality,

emotions, attitudes, skills and physical abilities and constraints.
Task related characteristics: goals and motivation, tasks, usage,

training and experience.
Geographic and social characteristics: location, culture and social

connections, societies and organizations.
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To determine which characteristics are of importance for this research, those characteristics
need to be investigated that relate most closely relate to the variables of the fault-complaint
propagation model. In the context of the increasing complexity of CE as discussed in section
1.1, designers rely more on the experience and ability of consumers, which are very diverse
for large consumer populations (Berkman & Erbug, 2005). This specifically relates to
cognitive functions such as problem solving, judgment, decision making and information
processing in general (Kujala & Mintyld, 2000; Roth, Patterson & Mumaw, 2002), which are
central to understanding a product’s functioning and subsequently interpreting potential
problems and failures. Therefore, these characteristics are of most importance to investigate
diversity in interaction problems and CPFs for large consumer populations. Nevertheless,
other consumer characteristics such as demographics and potentially moderating or mediating
factors will need to be taken into account when drawing conclusions.

2.3 Addressing consumer diversity by using cognitive models

To further understand the potential contribution of a differentiation on cognitive functions, in
this section relevant research on the cognitive processing of a product’s functioning is
discussed. This section concludes with the presentation of an initial research model.

2.3.1 Usability and related research

In usability and related research fields, a substantial amount of research can be found on the
effect of the consumer’s cognitive characteristics and models on the consumer’s
understanding of a system and subsequent performance when using that system. In the ISO
9241-11 standard (ISO 9241-11, 1998), usability is defined as: “The extent to which a product
can be used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use”. These usability attributes are measured through
various techniques of which usability testing with users is an important aspect. Depending on
the goal of the test, users need to test the system for achieving specific goals in context
dependent environments (Nielsen 1993, p. 27). In this context, usability testing is mainly
focused on identifying interaction problems and subsequently assessing how severe these
problems are. Although usability literature commonly advocates the differentiation on
“typical” or “target” users as a main criterion for selecting users for usability tests (Battarbee,
2004; Ketola, 2002; Kujala & Mintyld, 2000; Nielsen, 1993), according to Nielsen (1993, p.
28) another dominant way to categorize users for usability testing is “user expertise” which
predicts learning. Three different dimensions of expertise are defined:

e Experience with the system

e Experience with computers in general

e Experience with the task domain
These dimensions are used to differentiate between novice, casual and expert users. A novice
user has no or only minimal experience, a casual user is a person who uses the system

intermittently and an expert user is a person who uses the system frequently. Although such a
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differentiation could give more insight into differences in interaction problems and CPFs,
Dillon and Watson (1996) state that this basic differentiation lacks predictive power which
could be improved by learning from research on individual differences in psychology.

In HCI literature, research can be found that relates this novice-expert differentiation to
differences in the way in which consumers deal with errors encountered during product use
(mostly related to computerized tasks). For example, research shows that deeper knowledge
of how novice users perceive errors that occur during web browsing can be helpful for
designers to lessen the occurrence or even the perception of occurrence of those errors (Lazar,
Meiselwitz & Norcio, 2004; Lazar & Norcio, 2003). Especially because novice users lack
expertise of the system, they make more errors during product usage, have more difficulty to
recover from those errors and also could perceive these errors differently than expert users
(Lazar & Norcio, 2003).

However, another study showed that differences in cognitive abilities not always predict the
number of errors made during computerized tasks but are reflected in the types of errors
encountered and in the way via which errors are resolved (Priimper, Zapf, Brodbeck & Frese,
1992). Having more experience with or expertise of a system does therefore not always result
in fewer errors made.

Finally, it is interesting to look at the results of a study on differences between complaint
scripts of experts and novices (measured through prior knowledge on the complaint process)
conducted by Martin (1991). The results of this study showed that:
e Experts have significantly more important information, a better organized hierarchical
structure and a higher level of abstraction in their complaint descriptions.

e Experts can abstract better to new complaints situations.

Consequently, the results of the studies above indicate that differences in cognitive abilities
can result in differences in performance, error perception and subsequent response to those
errors. Although research in this domain is mainly focused on computerized tasks, these
concepts can also be interesting in the context of the fault-complaint propagation model.

2.3.2 Mental models

In HCI literature, a substantial amount of research related to cognitive science and cognitive
models can be found which focuses on the concept of “mental models” in terms of its
antecedents and consequences in human behavior, its measurements and its implications for
product design. According to Van der Veer and Del Carmen (2002), “the interest in mental
models from HCI is based on the idea that, by exploring what users can understand and how
they reason about the systems, it is possible to design systems that support the acquisition of
the appropriate mental model and to avoid errors while performing with them”. In HCI
literature a mental model is commonly known as ‘“the mental representation constructed
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through interaction with the target system and constantly modified throughout this
interaction” (Norman (1983) as cited by Van der Veer & Del Carmen, (2002)). Research
shows that when consumers have such a model of a system it facilitates the consumer to
exactly infer how the product works (Kieras & Bovair, 1984). For example, Uther & Hailey
(2006) show that training the correct mental model of web browsing positively affects web
browsing navigation performance. Consequently, one can also argue that by understanding a
consumer’s mental model of a product one can also better understand how and why
interaction problems and CPFs occur.

However, mental models are not simply observable which makes them difficult to elicit,
measure and subsequently differentiate consumers on these models (Zhang & Cignell, 2001).
A mental model is not a characteristic of a consumer but an instantiation of consumer
knowledge of a system (Van der Veer & Del Carmen, 2002) and is therefore not an easy
segmentation tool. Furthermore, research has shown that mental models are considered to be
incomplete, inaccurate and unstable (Norman, 1983; Staggers & Norcio, 1993; Thatcher and
Greyling, 1998). Norman (1983, p. 8) adds that mental models do not have firm boundaries
(people confuse different products) and are “unscientific” (people maintain superstitious
behavior patterns to save physical and mental effort). In HCI literature, the concept of mental
models is most widely applied in research on interaction with computers, although, due to the
increasing complexity of the CE as described in section 1.1, the concept is equally relevant for
consumer products (Van der Veer & Del Carmen, 2002).

Although mental models cannot be used as a consumer segmentation variable, research has
shown that the structure and usage of these mental models depend on certain consumer
characteristics, for example:

e Zhang and Cignell (2005) show that there is a significant effect of educational and
professional status, academic discipline and computer experience on the mental model
of information retrieval systems.

e Thatcher and Greylin’s (1998) findings suggest that mental model categories may be
hierarchically ordered (in order of level of detail and completeness) according to the
consumer’s experience with using the Internet.

e Ziefle and Bay (2004) show that age significantly affects the correctness of the mental
model of a cellular phone menu.

e Docampo Rama (2001) argues that besides age differences, the so-called “technology
generation” in which a consumer grew up (e.g. the electro-mechanical generation
encompasses consumers born before 1960) also affects how consumers deal with
errors in new systems.

Overall, research shows that the consumer’s level of knowledge or experience with a device
seems to be a strong determinant of a consumer’s mental model of a system (Thatcher &
Greyling, 1998; Van der Veer & Del Carmen, 2002) and subsequently affects problem solving
and learning when interacting with complex systems (Staggers & Norcio, 1993). Moreover,
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Van der Veer and Del Carmen (2002) discuss that the consumer’s knowledge and mental
model of a system often do not match the knowledge needed to handle meaningfully in a
certain situation. Consequently, this concept could be used to differentiate consumers and to
gain better insight into the relation between consumers and the propagation of product
development faults to CPFs in the context of complex CE.

2.3.3 Conclusion

In section 2.2.2 it was discussed that for a better understanding of the effect of consumer
diversity on interaction problems and CPFs, cognitive consumer models are of the most
relevance because they relate to the consumer’s understanding of a system’s functioning. In
this section, it was shown that in HCI and consumer behavior literature differences in the
consumer’s knowledge of or experience with a complex system are commonly used to predict
and analyze differences in understanding product errors and mental models of those systems.
Although most of this research is conducted for computer systems, research by Arning and
Ziefle (2009) has shown that these differences in cognitive abilities can also help to predict
menu navigation performance of PDAs.
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Figure 2.6  Initial research model

Although there is a substantial amount of research on consumer knowledge and its
consequences for consumer behavior, most of this research focuses either on computerized
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tasks performance or on pre-purchase consumer behavior (for example, see Cordell (1997)).
In this context it is interesting to investigate how differentiating on consumer knowledge can
help to better understand the propagation of product development faults to CPFs for large and
very diverse consumer groups in realistic product failure situations. Consequently, an explicit
choice is made to further focus this research on the investigation of the effect of consumer
knowledge on the occurrence of interaction problems and CPFs in complex CE. Nevertheless,
as discussed in section 2.2.2, other relevant consumer characteristics such as demographics
and other potential moderating and mediating variables need to be taken into account when
evaluating the effect for large consumer groups. The initial research model is shown in Figure
2.6.

In Chapter 3, the research variables that are in the main research focus will be further
elaborated upon followed by the research questions and the research approach of this
dissertation.
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3 Research Model

In the previous chapter it was discussed that this dissertation will investigate how consumer
knowledge affects the propagation of product development faults to CPFs. However, the
propagation model and its research variables are formulated at a high level of abstraction.
This chapter further elaborates upon the selected research variables, its measurements and
related relevant research and concludes with the research questions and research approach.

As a starting point, in section 3.1 the effect of an easy-to-apply measurement of consumer
knowledge, familiarity, on the consumer’s perception of a deliberately implemented fault in
the teletext function of a TV is investigated. Based upon the results of this experiment, a more
detailed literature review on the constructs and measurements of both consumer knowledge
and CPFs is conducted. The results of this literature review are presented in section 3.2 and
section 3.3 respectively. Subsequently, section 3.4 presents a detailed research model and the
research questions addressed in the remainder of this dissertation. Finally, in section 3.5 the

overall research approach for this dissertation is discussed.

3.1 Exploring the effect of familiarity on CPFs: Teletext experiment

3.1.1 Introduction

The propagation model and its research variables need to be further elaborated upon before a
detailed research model and research questions are developed. As discussed by Stangor (1998,
chapter 2), observation of behavior of people in the real world can be used to develop a
theoretical model before defining research questions or hypotheses. For the purpose of this
research project, a small-scale explorative experiment is therefore conducted as a starting
point to gain more insight into the effect of consumer knowledge on the propagation of
product development faults to CPFs and the underlying factors of this propagation. Because
consumer knowledge consists of multiple components (Alba & Hutchinson, 1987; Cordell,
1997), in this experiment the most easy-to-use and most commonly used measurement of
consumer knowledge, i.e. product familiarity, is used®. In this context, familiarity can be
defined as (Alba & Hutchinson, 1987): “the number of product-related experiences that have
been accumulated by the consumer™.

In the experiment the effect of familiarity with teletext on the consumer’s perception of a
deliberately implemented failure in the teletext functionality of a Cathode Ray Tube (CRT)

® This construct of consumer knowledge is most commonly used in HCI literature to denote expert-novice
differences (see also section 2.3.1).

33



TV is investigated’. Teletext is a text-based information service which is displayed on a TV
by using the teletext button. Simply put, this information is broadcasted as digitally encoded
data added to the cable signal (Limann & Pelka, 1991, p. 517). The content of this
information is different for each broadcaster and/or channel. The main reasons for selecting
this function were: 1) This was a relevant and realistic failure from a product development
perspective, 2) it was relatively easy to implement a reproducible fault in this function, and 3)
teletext is a common function in TVs which ensured consumers could be differentiated on
usage experience.

Summarizing, this experiment is used to answer the following questions:
e How does the consumer’s teletext familiarity affect the consumer’s perception of the
cause of a product failure in that function?
e How does the consumer’s teletext familiarity affect the consumer’s workaround
strategy after experiencing a failure in that function?

In the following section, the method used to answer these questions is discussed.

3.1.2 Method

To answer the questions defined above, an explorative between-subjects experiment is set up
in which the effect of the consumer’s teletext familiarity on the consumer’s response to an
implemented failure in the teletext functionality is observed.

Experimental variables

The independent variable under study is the level of familiarity with the teletext functionality.
For this experiment, the participants were divided into two groups based on their level of
usage experience of the teletext functionality. Teletext usage experience (as suggested by
research on familiarity measurements by Smith, Caputi, Crittenden, Jayasuriya & Rawstorne
(1999) and Soderlund (2002)) was measured by the frequency with which the participants
accessed different kinds of information via teletext and the frequency with which the
participants use teletext on different channels. The questions (in Dutch) can be found in
Appendix 3.1.

As dependent variables effectiveness, perceived failure cause and applied workaround
strategy were recorded. Additionally, the participant’s mental model of the technical
functioning of the teletext function was investigated. Due to the exploratory nature of this
experiment, the perceived technical functioning of teletext and the perceived failure cause
were addressed by open questions. The effectiveness was assessed based on the ability to
complete the task with the implemented failure and the applied workaround strategy was
measured through observation.

7 Please note that this experiment is the same explorative experiment as described by De Visser (2008, chapter 4),
but for this dissertation other measurements and analyses are used.

34



Apparatus and materials

A project team of ten TV system experts (both product developers and testers) selected and
designed a failure scenario in the teletext functionality of a CRT TV. According to these
experts this is a realistic failure scenario that is caused by (the software of) the TV. The
scenario involves that after accessing one of the teletext pages, the page appeared to be
(partially) black and did not give the required information. An example of a correctly
displayed teletext page and the same page as it appeared in the failure scenario is shown in
Figure 3.1.

In order to “solve” this failure, i.e. make the failure disappear, three different solvability
levels were implemented in the TV that could be selected by the experimenters before an
experiment. These solvability levels were:

e Switch to TV mode and back to teletext.

e Switch TV channel.

® Go to standby and back to TV mode (or switch the TV off).
The participant was not made aware of these solvability levels, but they were implemented to
build-in real life failure scenarios. During normal product usage, the occurrence of a failure
would probably trigger work around strategies by the consumer and depending on the cause
of the failure these strategies are assumed to be different.

Achterklap.
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403+405
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Figure 3.1  Example of normally functioning teletext (left) and the same teletext page in
the failure scenario (right) (De Visser, 2008, p. 52, snapshot from NOS
teletekst (2007)).

Sample

For the selection of suitable test participants, an electronic questionnaire was used. The
participants for the experiment were selected based upon diversity in demographics,
ownership and usage of a TV and teletext familiarity. An overview of the questions used in
this questionnaire to differentiate participants on teletext usage experience is shown in
Appendix 3.1. Based on available time and budget (in view of the explorative goal of this
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experiment), the questionnaire was sent to 45 individuals of whom 35 filled it out.
Subsequently, 29 respondents aged between 21 and 66 years volunteered to take part in the
experiment. An overview of the respondent characteristics is shown in Table 3.1.

Table 3.1 Respondent characteristics in terms of age, educational level and gender

Age n %0 Educational level n %0 Gender n %0
< 35 years 18 62.1 | Lower 13 24.1 | Male 15 51.7
35 years > 11 37.9 | Higher 16 55.2 | Female 14 48.3
Total 29 100.0 29 100.0 29 100.0

Respondents were recruited through friends, family, colleagues and students. This ensured a
high response rate and willingness to participate in the experiment. The major drawback of
this recruitment method is that some participants might be slightly biased due to their relation
with the experimenters. This possible effect has to be taken into account when assessing the
validity of the results of the experiment. The test participants were divided into a low and high
teletext familiarity group based on a split on the mean score of the summated score on teletext
usage experience. A separate pair-wise Mann-Whitney U test (with the level of significance
set at p=0.05) (Mann & Whitney, 1947) confirmed that teletext usage experience is
significantly different between the two groups (p < 0.001). In the low familiarity group 8
women and 7 men with a mean age of 36.9 years participated. In the high familiarity group 6
women and 8 men with a mean age of 31.4 years participated. Separate pair-wise Mann-
Whitney U tests showed no significant differences between the participants’ characteristics of
the two groups in terms of age (p >> 0.05), educational level (p >>0.05) and gender

(p >>0.05).

Procedure

The experiment was performed in the consumer test facility of the research group on the
university campus. This laboratory consists of two rooms, one which resembles a living room
in which the test participant performed the test and the other in which test participants could
be observed by the experimenters through a one-way mirror. Each experiment was recorded
with two cameras, a non-obtrusive camera mounted on the ceiling to capture the consumer's
actions and a camera on a tripod which was used to capture the consumer him/herself.

The experimental procedure consisted of the following steps:
1. Introduction to the experiment. To prevent potential bias the participants were
explained that the test was used for improving the usability of future generation
TVs without referring to the precise goal of the test and they were assured that
natural behavior was the most important. Finally, the experimenter made sure
that the participant fully understood the task list and explained that there were
no time and task completion restrictions.
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2. Short interview with the test participant to retrieve the participant’s mental
model of how they perceive teletext functions from a technical perspective.

3. Experiment with the teletext functionality. The test participant was asked to
complete three different tasks that involved retrieving information via teletext.
The three tasks can be summarized as follows (the complete task list can be
found in Appendix 3.2):

° Search for the latest results of the football matches in the Dutch football
competition.
. Search for a movie you would like to see this evening through the

teletext program guide.
. Look up the arrival time of flight number KL 1168 from Helsinki,
which is due to arrive today at Schiphol airport in Amsterdam.

The first two tasks were used to get the test participant acquainted with the TV and its remote
control, the test conditions and the tasks. During the final task the teletext failure scenario was
triggered in which the participant was initially not able to retrieve the requested information
due to the implemented fault. The flight information could only be found on teletext page
number 758 which, on access, appeared black (besides the page number) as shown in Figure
3.1. Depending on the selected failure scenario, the participant could solve this problem by
switching the teletext page, switching TV channels or switching the TV off/on. The
participants of the low and high familiarity groups were distributed equally across these
different solvability levels. During the experiment the participant was asked to think aloud
which enabled the researchers to capture (a part of) the process the users goes through when
performing the tasks (e.g. why s/he takes a certain step).

4. After the experiment, the participant was asked to fill out a questionnaire that
was used to measure the User Perceived Failure Severity (UPFS), i.e. the level
of user irritation caused by the failure (De Visser, 2008, chapter 4). The
analyses of these measurement are discussed by De Visser (2008, chapter 4)
and are beyond the scope of this dissertation. Subsequently, the participant was
debriefed about the goal of the test and the purpose of the research project.

Each experiment took on average 15 minutes. Afterwards, each participant was rewarded with
a gift voucher worth €15,-.

3.1.3 Results

In this section, the results of the experiment with regard to the effect of teletext familiarity on
the consumer’s perception of the failure cause and the applied workaround strategy after
experiencing the failure scenario are discussed. In view of the exploratory nature of this
experiment, mainly qualitative comparisons of the dependent variables are used. For the
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statistical tests the level of significance was set at p = 0.05. Results within the less restrictive
level of p = 0.1 are indicated as marginally significant.

Mental model

The results of the coding of the participants’ perception of the technical functioning of teletext
shown in Figure 3.2 gave some interesting insights. First of all, no differences in mental
model can be observed between low and high levels of familiarity with teletext. Secondly,
there is a broad scope of answers that can be categorized in five different groups, as shown in
Figure 3.2. Based on the categorization of mental models in this figure, it can be concluded
that only three out of the 29 participants have a reasonably correct mental model of the

functioning of teletext.

10

Frequency

Correct Viacable+ Viacable Information Other
wrong service

Mental model of teletext function

Figure 3.2  Overview of the mental models on the functioning of teletext

The different categories in this graph can be described as follows (in decreasing order of
correctness):

e Correct: the participant perceives the technical functioning of teletext in accordance
with the real technical functioning as described in section 3.1.1.

e Via cable + wrong interpretation of technical functioning: the participant understands
that teletext is information sent to the TV via the cable together with the TV signal and
the participants thinks s/he understands the underlying technical principle but is
incorrect.

e Via cable: the participant understands that teletext is information sent to the TV via the
cable together with the TV signal, but does not know the technical principles behind

it

¥ Please note that the difference of this category with the higher level “via cable + wrong...” category is that on
this level the participant was not able, neither correct nor incorrect, to reason about how the information sent via

the cable is translated into a teletext image on the TV screen.
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¢ Information service: the participant understands that teletext is information sent by an

external party, but does not know how this information is transferred to the TV.
e Other: the participant does not know how teletext functions and/or gives a completely
incorrect answer (e.g. “teletext is sent to the TV via a direct link with a satellite”).

Effectiveness

Overall, the results of a Mann-Whitney U test show that only a marginally significant effect
of teletext familiarity on the ability to complete the task in the failure scenario can be
observed (p < 0.1). In other words, there is an indication that consumers in the low familiarity
group are less able to complete the failure scenario task (5 out of 15 completed the task) than
consumers in the high familiarity group (10 out of 14 completed the task). Furthermore, the
results of a Kruskal-Wallis test show significant differences for the effect of the solvability
level on task completion (x2 (2) = 649, p < 0.05). However, separate pair-wise Mann-
Whitney U tests (after applying Holm’s sequential Bonferroni correction (Howell, 2002))
show no significant differences between the individual scenarios.

Consumer perception of the cause of the failure

The most striking result of this experiment is the number of participants who perceive the
cause of the failure to something else than the TV (25 out of 29). In other words, the majority
of the participants have a different perception of the failure cause than the TV system experts
who chose and designed the failure scenario. An overview of the perceived causes and
differences between the low and high familiarity groups is shown in Figure 3.3. From the
results presented in this figure it can be seen that there are only slight differences between the
low and high familiarity groups in terms of frequency with which the different perceived
causes are mentioned.

10
8
B
g 6
2
=4
£ 4 e
= low familiarity
) high familiarity
®overall
O .
< N & $ NS &
& Q‘%‘O o‘b% .@0 %6 O\.
> v
&

Perceived failure cause

Figure 3.3  Overview of perceived failure causes
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The results of Mann-Whitney U tests also show no significant differences between the low
and high familiarity groups and no significant effect of the level of correctness of the mental
model on the perceived failure cause.

Applied workaround strategy

Finally, the applied workaround strategy after encountering the failure during the final task is
discussed. The results presented in Figure 3.4 show differences between low and high
familiarity groups. Please note that in this figure the total sum of the workaround strategies is
higher than the number of participants because some participants applied multiple strategies.
Overall, the participants in the low familiarity groups remain on the same channel and try to
overcome the problem by changing the teletext page and switching the teletext function off
and on. In contrast to this strategy, the participants of the high familiarity group mainly
switched channels to try to overcome the problem by accessing the same teletext page on a
different channel. Statistically, the results of Mann Whitney U tests only show a significant
difference for switching channels as a workaround strategy (p < 0.01). Please note that this
effect is not due to the different solvability levels implemented in the failure scenarios
because the participants were equally assigned to these different levels.
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Figure 3.4  Overview of applied workaround strategy

3.1.4 Conclusions

From the results of this explorative experiment, more insight is gained into the (measurement
of) potential effect of consumer knowledge on the propagation of product development faults
to CPFs and its underlying factors. First of all, this experiment successfully demonstrated the
ability to use simulated failure scenarios in a CRT TV used in a laboratory setting to evaluate
the consumer’s reaction to product failures. Although the laboratory setting allowed for
control of external factors that prevent the ability to analyze the consumer’s response to a
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failure in real-life settings reliably, one has to take into account that a laboratory setting could
provoke a different response to a failure compared to a real-life setting.

Secondly, several conclusions can be drawn regarding the effect of familiarity on differences
in the consumer’s perception of the failure cause and the applied workaround strategy. The
results show that there is no significant effect of teletext familiarity on the consumer’s
perception of the cause of the product failure. This conclusion is further strengthened by the
observation that differences in teletext familiarity did not result in differences between the
mental models of the teletext function.

However, the results do show a large diversity in both the perceived failure causes and
perceived technical functioning of teletext. Furthermore, the results show an effect of teletext
familiarity on the effectiveness in task completion and on the applied workaround strategy
after encountering the product failure. Two explanations for these results can be found. First
of all, the relatively simple measurements of both product usage and failure cause perception
may not accurately reflect the underlying factors. As such the construct validity (i.e. whether
the instruments to measure both product usage and failure perception are the best ones for
measuring them) can be questioned (Goodwin, 2005, p. 116). Secondly, the differentiation of
consumer knowledge by using product familiarity measurements may not represent
differences in deeper levels of product understanding. Research shows that although product-
related experience is expected to improve the ability to use a product, it is not a sufficient
condition for product expertise, which relates more to the understanding of a product (Alba &
Hutchinson, 1987; Cordell, 1997).

Consequently, the results of this experiment show that for a better understanding of the effect
of consumer knowledge on the propagation of faults to CPFs, additional literature review is
needed on the following aspects:

e The factors underlying “perception” of failures and its measurements.

e The factors underlying a consumer’s response to perceived failures.

¢ The measurement of consumer knowledge differences.

Finally, several other limitations of this experiment could have influenced the results.
Although differences between the two familiarity groups were to some limit controlled for
(see sample discussion in section 3.1.2), the use of a convenience sample might have
influenced the results leading to measurement errors. A larger random sample could reduce
this effect. Furthermore, in hindsight one can question the validity of the selection of the
failure scenario. From the results of the exit questionnaire it can be observed that more than
93% of the participants disagree with the statement that this TV would have to be brought
back to the shop. Even more than 96% of the participants would not consult the helpdesk of
the TV manufacturer. Additionally, more than 50% of the participants stated that, when asked
what they would do to acquire the information described in the task list when they would be at
home, is to search for it on the Internet. Consequently, the teletext function and the
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implemented failure as described in the failure scenario do not seem to be important from the
perspective of the selected participants whereas the DTV system experts considered this
failure to be relevant. A failure in a more important function from a consumer perspective
might have resulted in a different perception of the failure cause and subsequent workaround
strategy.

Nevertheless, the results of this experiment are a starting point to gain more insight into the
effect of consumer knowledge on the propagation of product development faults to CPFs.
Furthermore, the results indicate the need for additional literature research to further specify
the research model, its variables and the research questions. In the following section,
consumer knowledge constructs and measurements are discussed.

3.2 Consumer knowledge

As discussed in Chapter 1, in the case of complex technical products, consumers are less and
less aware of and trained in the technical functioning of a product and therefore could have a
not sufficient level of knowledge to understand a product’s functioning. According to Engel,
Blackwell and Miniard (1995), consumer knowledge can be defined as: “Information stored
within memory”. Especially in the research fields of Consumer Behavior, Psychology and
Marketing, a whole body of research can be found on consumer knowledge and its
antecedents and consequences.

This section will discuss some of the most important findings of this research area to better
understand its hypothesized effect on usage behavior and CPFs. First of all, in section 3.2.1
the different consumer knowledge constructs are defined and discussed. In section 3.2.2,
different measurements of these constructs are discussed. Finally, in section 3.2.3,
conclusions are drawn on the use of consumer knowledge constructs and measurements in this
research project.

3.2.1 Consumer knowledge constructs

In the field of consumer behavior research Alba and Hutchinson (1987) are the first to
propose that consumer knowledge is a multidimensional construct consisting of two major
components: familiarity and expertise. Familiarity is defined as (Alba & Hutchinson, 1987):
“The number of product-related experiences that have been accumulated by the consumer”. In
this definition, product-related experiences should be regarded in a broad context, including
advertising exposures, information search, interaction with salespersons, choice and decision
making, purchasing and product usage in various situations. Next, expertise is defined as
(Alba & Hutchinson, 1987): “The ability to perform product-related tasks successfully”.
When explaining this definition, Alba and Hutchinson (1987) further state that expertise
should be regarded in a broad sense that includes both the cognitive structures (e.g. beliefs
about product attributes) and cognitive processes (e.g. decision rules for acting on those
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beliefs) required to perform product-related tasks successfully. In other words, expertise
relates to factual knowledge and familiarity relates to the level of contact with a product class
(Cordell, 1997).

Consequently, an increase in product familiarity results in an increase in expertise. Alba and
Hutchinson (1987) argue that there are five qualitatively distinct aspects of expertise that can
be improved as product familiarity increases:

e Cognitive effort and automaticity: Simple repetition (which is an increase in

familiarity) improves task performance by reducing the cognitive effort required to
perform the task. In some cases repetition can lead to performance that is automatic.

e Cognitive structure: When familiarity increases, the cognitive structures used to

differentiate products become more refined, more complete and increase the ability to
represent products in terms of deep, rather than surface, structure.

e Analysis: The ability to analyze information, isolating that which is most important
and task-relevant, improves as familiarity increases.

e Elaboration: The ability to elaborate on given information, generating accurate
knowledge that goes beyond what is given, improves as familiarity increases.

e Memory: The ability to remember product information improves as familiarity
increases.

From a consumer behavior research perspective, these five aspects of expertise are originally
hypothesized to influence pre-purchase and purchase related consumer behavior constructs.
However, it is hypothesized and to some extent also proven that the same constructs also
influence product usage behavior (Alba & Hutchinson, 1987; Mitchell & Dacin, 1996; Shih &
Venkatesh, 2004) and post purchase product evaluation (see for example research by Sujan
(1985) on how expertise affects the product evaluation process).

It is important to consider that different tasks require different types of expertise and even for
the successful performance of any particular task generally more than one type of knowledge
is required (Alba & Hutchinson, 1987). For example, besides the distinction between
expertise and familiarity, on a higher level a distinction can be made between two different
categories of knowledge, primary base domain knowledge / core knowledge and
supplementary base domain knowledge / supplemental knowledge (Moreau, Lehmann &
Markman, 2001; Saaksjarvi, 2003). Moreau et al. (2001) have shown that, concerning the
adoption of innovative products, the influence of consumer knowledge is different for
continuous and discontinuous innovations. Almost every innovation can be derived from an
existing product area. The existing product category is defined as the primary base domain
(Moreau et al., 2001). Knowledge of this domain is used to learn about and develop a
representation of a new product. When a new product is very similar to a previous product
this process is straightforward. However, for discontinuous innovations (e.g. from film-based
cameras to digital cameras) knowledge on the primary base domain does not necessarily
increase understanding of the new product. For this type of innovation knowledge of
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additional (i.e. complementary) domains might influence the adoption process by filling in the
“gaps” in knowledge caused by the difference between the new product and the related
previous product generations (Moreau et al., 2001). For example, knowledge on computers
and graphics software can help consumers to better understand digital cameras.

In conclusion, in this section several constructs relating to consumer knowledge were defined.
An overview of these constructs and their relationships is shown in Figure 3.5. From this
figure it can be seen that both expertise and familiarity are part of consumer knowledge.
Regarding consumer knowledge, distinction can be made between core domain and
supplemental domain knowledge. In the next section it will be discussed how these consumer
knowledge constructs can be measured.

Expertise
a
Consumer behavior
Consumer * Pre-purchase
knowledge * Purchase
* Post-purchase
Familiarity

Figure 3.5  Overview of relations between consumer knowledge constructs

3.2.2 Measuring consumer knowledge

Traditionally, consumer knowledge has been treated as a one-dimensional construct (Alba &
Hutchinson, 1987). Nowadays, in literature a distinction is made between objective and
subjective measurements of both familiarity and expertise (Carlson, Vincent, Hardesty &
Bearden, 2009). Although research has shown that these measurements are correlated, several
authors also argue that different measurements affect different aspects of consumer behavior
(Cordell, 1997; Dodd, Laverie, Wilcox & Duhan, 2005; Mitchell & Dacin, 1996). In the
following each of the measurements and its applications are briefly discussed. Finally,
conclusions are drawn for the further use of these different measurements in this research
project.

Familiarity

In the past, familiarity and experience have often been used as proxy measures for consumer
knowledge. Experience is often measured by self-report items (i.e. a subjective measurement)
regarding the information search, ownership and usage of the product under study (Alba &
Hutchinson, 1987; Dodd et al., 2005; Park, Mothersbaugh & Feick, 1994). Alternatively,
experience can also be objectively measured by measuring the totality of the externally
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observable direct or indirect interactions (e.g. amount of use, diversity of use and sources of
information used) with a product across time (Smith, Caputi et al., 1999; Séderlund, 2002).
Although research has shown that product familiarity contributes to the ability to perform
product related tasks it does not encompass all relevant aspects of consumer knowledge (the
five aspects discussed in the previous section). Brucks (1985) and Cordell (1997) argue that
the experience-based component of knowledge is less directly linked to behavior than the
measurements of expertise. Product knowledge can originate from many sources and is not
necessarily correlated with experience (Johnson & Russo, 1984) which could be specifically
relevant for complex products such as consumer durables (Raju, Lonial & Mangold, 1995). In
other words, different people behave differently despite having the same experiences;
experience can only influence behavior when this experience results in differences in memory.

Subjective expertise

Subjective expertise is defined as (Flynn & Goldsmith, 1999): “a consumer's perception of the
amount of information they have stored in their memory”. Subjective expertise is usually
easier to measure than objective expertise (Brucks, 1985). While the measurement of
objective expertise requires an individual test for each product type, the measurement of
subjective expertise can be done with a standardized scale. For example, Flynn and Goldsmith
(1999) developed and validated a scale consisting of five items for measuring subjective
expertise (on a seven-point Likert scale).

Brucks (1985) argues that subjective and objective expertise are distinct concepts. Subjective
expertise includes an individual's degree of confidence in his/her knowledge while objective
expertise refers only to what an individual actually knows. Alternatively, Arning & Ziefle
(2009) state that subjective expertise ratings only reflect quantitative and not qualitative
aspects of expertise. Nevertheless, Park and Lessig (1981) argue that subjective measurements
of expertise may better define consumer strategies and heuristics because they are based upon
what the consumer thinks s/he knows. Consequently, as discussed above for experience,
subjective expertise may not be a valid measure of what is actually stored in memory as well
but it can have a significantly different effect on consumer behavior than objective expertise.

Objective expertise
Finally, objective expertise is defined as (Brucks, 1985): “the actual amount of information
stored in memory”. According to Brucks (1985), an objective expertise measurement should
include the following aspects:
e Terminology: Does the consumer know the meaning of terms commonly used in
consumer reports and manuals.

e Available attributes: Is the consumer able to list the attributes which are common for

products in this product class.
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e C(riteria for evaluating attributes: Is the consumer able to list the criteria on which

product quality can be evaluated and is s/he able to list dichotomous attribute criteria
(i.e. the attribute is either present or absent) and continuous attribute criteria (i.e.
multiple levels of the attribute are possible.

e Attribute covariation: Is the consumer able to explain the relationship between product

attributes (e.g. price and size versus other attributes).
e Usage situations: Can the consumer explain how a situation affects the choice for a

product.

Alternatively, Popovic (2000) states that knowledge and knowledge representations (related to
objective expertise) for evaluating differences in product usability can consist of as many as
nine different categories (e.g. declarative, procedural, interface etc.). Information sources for
developing questions on these aspects could be discussions with product experts and
consumer reports. The measurement of objective expertise has some important implications.
Objective expertise is idiosyncratic with respect to a specific product class, i.e. a test for
objective expertise on product class A cannot be used in a test for objective expertise on
product class B (Cordell, 1997). In other words, objective expertise is regarded as the most
reliable measure of what people actually know but is also the most time-consuming and most
difficult measurement. Furthermore, Park et al. (1994) state that a limited number of items in
an objective expertise measurement scale cannot accurately represent an entire product
domain. The goal of the test must therefore be explicitly defined to be able to develop suitable
objective expertise items.

3.2.3 Conclusion

In literature many different definitions and measurements can be found for consumer
knowledge, even within the generally agreed upon categories of objective and subjective
expertise. In general, objective expertise measurements are argued to be most closely related
to the consumer’s understanding of a product but research results so far are not consistent.
Park et al. (1994) therefore argue that multiple knowledge constructs must be considered and
measurement appropriate for the given research context and research questions must be
selected. For example, Carlson et al. (2009) have shown that for some product domains and
measurement scales of consumer knowledge, the more easy to use subjective expertise rating
can be used as a reliable surrogate for objective expertise.

Furthermore, several authors argue that it is important to include knowledge calibration when
investigating the effect of consumer knowledge (Alba & Hutchinson, 2000; Carlson et al.,
2009; Pillai & Hofacker, 2007). In this context knowledge calibration refers to the relation
between confidence and accuracy in knowledge rather than only accuracy (Alba &
Hutchinson, 2000). For certain situations it is hypothesized that miscalibration of knowledge
(i.e. a consumer scores significantly higher on subjective expertise than on objective expertise)
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can have a more significant effect on for example decision making than the level of
knowledge itself (Alba & Hutchinson, 2000; Carlson et al., 2009).

Finally, research has shown that caution needs to be taken when using consumer knowledge
as a predictor of consumer behavior. According to Alba and Hutchinson (1987), effects of
knowledge on consumer behavior can only be regarded as main effects and must be studied
with context dependent moderating variables.

3.3 Failure attribution

This section further investigates literature to better understand underlying constructs and
measurements of CPFs. In section 3.3.1, the consumer behavior model of the psychological
processing of performance outcomes (as briefly discussed in section 2.1.3) is further
elaborated upon to identify relevant antecedents of CPFs. In this section it is discussed why
failure attribution is an important measurement of the consumer’s perception of product
failure causes. Subsequently, in section 3.3.2 the construct, measurements, antecedents and
consequences of failure attribution are further investigated. Finally, in section 3.3.3
conclusions are drawn on the use of failure attribution as an antecedent of CPFs in this
research project.

3.3.1 Understanding psychological processing of interaction problems: the
consumption processing model

As discussed in section 2.3, this dissertation focuses on gaining more insight into how
consumer knowledge differences affect the propagation of faults to CPFs. To further
understand the underlying process, the psychological processing of performance outcomes as
modeled in the general consumer processing model defined by Oliver (1996) (see also Figure
2.4) needs to be further discussed. This model is selected because it combines several
theoretical perspectives on antecedents and consequences of (dis)satisfaction and offers a
complete overview of factors influencing a consumer’s response to experienced product
outcomes. An overview of this model is shown in Figure 3.6.

Basically, the model consists of two different phases of consumption processing: the non-
processing phase of consumption and the processing sequence phase of consumption. The
non-processing phase of consumption, visualized by the relation between outcomes, primary
evaluation, primary affect and satisfaction, relates to the consumer’s reaction to consumption
outcomes with more or less spontaneous affect. In other words, this is a primary appraisal
resulting from a general observation that the product outcome was “good for me” or “bad for

2

me .

Of interest for this research project is the processing sequence of consumption because this
process shows a cognitive perspective of the processing of product outcomes. As discussed in
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section 2.1.4, the affective, emotional and behavioral response to a perceived failure is outside
the scope of this research project. Consequently, of specific interest in this model is the
relation between product outcomes, expectation-disconfirmation and attribution.

Primary
evaluation Primary affect
(success / failure)
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Figure 3.6  General consumption processing model (Oliver, 1996)

To show how these constructs can be used to gain more insight into CPFs, they first need to
be defined as used in the general consumption processing model. Expectancy-disconfirmation
refers to the discrepancy a consumer perceived when comparing an actual product
performance with expectations, needs or other standards (Oliver, 1996). When consumers are
subsequently primed to reflect on this discrepancy, as in why the consumption outcomes
occurred in the manner they did, and generate reasons or assign responsibility for these
outcomes, this process is referred to as attribution (Oliver, 1996).

In consumer behavior and marketing literature, attribution theory and research is well-
founded. According to Folkes (1988), attribution research is concerned with all aspects of
causal inferences, i.e. how people arrive at causal inferences, what sort of inferences they
make, and what the consequences of these inferences are. Attribution theory is a combination
of several theories that share core assumptions (Folkes, 1988; Silvera & Laufer, 2005):
Heider’s (1958) theory of naive psychology, Kelley’s (1967) covariation theory and Jones and
Davis’ (1965) correspondent inference theory. The limitations of these theories (Silvera &
Laufer, 2005) were addressed by Weiner (1985, 1986) in a framework in which he proposed
that besides the locus dimension (dispositional vs. situational or in other words internal vs.
external), also controllability and stability are additional attributional dimensions. Up to now
this framework has been one of the most frequently used models and has been influential in
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many different research areas (Oliver, 1996; Silvera & Laufer, 2005). Most of the applications
of attribution research can be located in the field of marketing (e.g. consumer’s attribution of
pricing, advertising etc.) (Silvera & Laufer, 2005). Attribution research has examined
consumer’s causal inferences for a variety of outcomes (Folkes, 1988):

¢ Inferences about the consumer’s own behavior or the behavior of other persons.

e Inferences about a product’s or service’s success or failure.

¢ Inferences about a communicator’s endorsement of a product or service.

Summarizing, attribution is of specific interest in the context of CPFs because, 1) attribution
is not only linked to purchase outcomes but also to service and product failures (i.e. failure
attribution) (Folkes, 1984), and 2) research shows that attribution significantly influences
various post-purchase behaviors such as complaining, redress seeking, word of mouth,
expectancy change, satisfaction and future intentions (Oliver, 1996). As such, failure
attribution is an important process through which interaction problems can become CPFs. In
the following section, research focused specifically on failure attribution is discussed.

3.3.2 Overview of failure attribution research

Following the definition of the attribution process by Oliver (1996), the failure attribution
process (including the special case of a lack of attributional processing) is a mediating
phenomenon between observations of product functioning and a number of post purchase
behaviors. Failure attributions occur whenever the consumer is primed to reflect on the
origins of an outcome. This implies that failures may not be processed if the failure was not
significant to the consumer (e.g. a scratch on the backside of an LCD TV) or if the failure was
expected (e.g. mobile phone signal loss in a tunnel) (Oliver, 1996). In general, anything
unusual which stimulates a person’s attention to the failure will bring on causal search.
According to Oliver (1996), the most prominent causal agent for attribution is disconfirmation
of expectations as shown in Figure 3.6. In the following sections, the antecedents,
consequences and measurements of failure attribution are discussed.

Antecedents of failure attribution
According to Kelley and Michela (1980), three types of antecedents for attributions can be
defined:

e Motivations: individuals need to be motivated to expend the cognitive effort necessary
to determine the cause of an outcome (O’Malley Jr., 1996) and can suffer from
motivational biases that can lead to self-serving and false consensus attributions
(Folkes, 1988).

e Information: consensus, consistency over time and modality, and distinctiveness
influence whether people attribute an outcome to the person, the stimulus, or the
situation (Folkes, 1988). In other words, consumers need information or knowledge to
determine the cause of the outcome (O’Malley Jr., 1996).
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e Prior beliefs: consumers’ pre-existing hypotheses, suppositions and expectations can
influence the type of attributions made by consumers (Folkes, 1988).

The most important reason why the investigation of consumer knowledge as an antecedent of
failure attribution in the context of complex technical products is interesting can be shown by
discussing the theoretical distinction in attribution theory between causes and reasons (Oliver,
1996). Causes are agents that are capable of bringing out an event or outcome. Their impact
can be direct or indirect and even imperceptible to the receiver. Because of the potential for
many causes to be indirect and imperceptible, consumers are unlikely to be aware of such
influences and hence may attribute effects to other explanations that are consistent with
consumers’ existing knowledge. Alternatively, reasons may have little basis of scientific fact
but will make perfect sense to the individual and this “wrong” attribution of the perceived
failure can still result in a complaint when the failure is perceived to be caused by the product.
Reasons are explanatory accounts by the consumer at the level of a consumer’s understanding.
They may correspond correctly to causes if the consumer is sophisticated in the knowledge
category or has otherwise gained knowledge of what caused a particular event (e.g. the
notification of the cause of delays by the Dutch railway company).

As discussed in Chapter 1, in the case of complex technical products consumers are less and
less aware of and trained in the technical functioning of a product. On the other hand, the
opportunity for and the potential span of CPFs becomes increasingly larger, either caused by
faults, by the environment or the by consumer him/herself. Consequently, it is very interesting
to investigate how the consumer’s knowledge affects attribution of different failures in this
context.

Failure attribution measurements

Weiner’s attribution framework (Weiner, 1985; Weiner, 1986) is the most widely used model
to explain and measure differences in failure attribution. This framework is used because it is
widely applied in various research fields (Silvera & Laufer, 2005) and because the framework
allows the classification of larger sets of attributions within a smaller number of meaningful
and actionable categories (Oliver, 1996). The framework consists of the following attribution
dimensions (Weiner, 1985; Weiner, 1986):

e [Locus: failures can be attributed internally to something within the person or
externally to something outside the person.

e Controllability: the cause of the failure can be perceived to be modified by the actor
(controllable) or modified by an external agent (uncontrollable). This dimension often
interacts with locus (i.e. controllability is undefined unless locus is assigned while
uncontrollable failures do not require locus to be defined)

e Stability: the cause of the failure can be perceived as permanent (stable) or temporary
(unstable).
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In literature not many standardized measurements for failure attribution can be found.
Qualitatively, failure attribution can be measured by using open response questions and
subsequently coding of the responses into different categories (Oliver, 1996). The most
widely used and validated standardized scale is Russell’s causal dimension scale (Russell,
1982; Russell, 1987). This scale uses nine items to measure the three attribution dimensions
of Weiner’s framework. Oliver (1996) adjusted this scale to counterbalance the abstract nature
of the statements formulated by Russell (1987).

Consequences of failure attribution

Research on the consequences of attribution (Folkes, 1984; Folkes, 1988, Oliver, 1996) shows
that the consumer’s perceptions of the causal dimensions of Weiner’s framework affect the
consumer’s expectations of redress for the product failure, anger at the firm and intention to
repurchase from the firm:

¢ ocus influences beliefs about who should solve a failure; failures attributed internally
should be resolved by consumers while externally attributed failures should be solved
by the firm involved.

e Controllability influences the consumer’s desire to hurt the firm’s business after
perceived product failure such that when firms are perceived to have control over the
cause of the failure consumers express more anger than when the firm is perceived to
have lack of control over the perceived failure.

e Stability influences expectancies such that stable causes for a failure lead to more
confidence that the same failure will recur than do unstable causes (such as the
weather).

Although from the above can be concluded that locus is of most importance with respect to
predicting CPFs, it is important to note that it is important to measure and analyze all of the
above dimensions in order to avoid misleading conclusions when linking failure attributions
to complaint behavior (Folkes, 1988).

3.3.3 Conclusion

This section investigated the underlying constructs through which interaction problems result
in CPFs. Based on the general consumer processing model of Oliver (1996) both expectation-
disconfirmation and failure attribution were identified as relevant mediating variables. It was
argued that failure attribution is of specific interest for this research project. Although
attribution theory is well-founded in consumer behavior research, few papers can be found
that specifically address the antecedents and consequences of failure attribution (Silvera &
Laufer, 2005; Weiner, 2000).

Furthermore, although many studies of attribution of service failures and subsequent failure
recovery can be found (Smith, Bolton & Wagner, (1999); Harris, Mohr & Bernhardt, 2006;
Ma, 2007) few studies have investigated how consumers arrive at attributions of product
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failures (Folkes, 1988; Silvera & Laufer, 2005; Weiner, 2000). Consequently, it is interesting
to further investigate how failure attribution measurement can help to better understand
consumer perception of technological product failures in the context of this research project.

3.4 Conceptual research framework and research questions

This section presents the conceptual research framework that is used in the remainder of this
dissertation. This framework is based upon the initial research model presented in Figure 2.6
in Chapter 2, adjusted for the insights gained from the additional literature review discussed in
this chapter. Cognitive processing of interaction problems in terms of expectation
disconfirmation and failure attribution are included as important mediating variables that
affect the propagation of interaction problems to CPFs. Furthermore, in the conceptual
framework the propagation of product development faults to interaction problems is mediated
through usage behavior which reflects different aspects of consumer behavior in terms of
effectiveness, efficiency and usage patterns (see Hornbak (2006) for a complete overview of
measurements of usage behavior). In other words, differences in consumer knowledge are
hypothesized to affect different stages of the fault-complaint propagation: 1) through
differences in usage behavior when encountering product development faults, which is
expected to result in different interaction problems, and 2) through differences in cognitive
processing of encountered interaction problems, which is expected to result in different CPFs.
Both relations will be investigated for objective as well as subjective measurements of
consumer knowledge which is new compared to previous research on related topics where
most often only the effect of one or two consumer knowledge constructs is taken into account
and where only few studies have investigated how consumers arrive at attributions of failures
in complex CE.

The conceptual research framework presented in Figure 3.7 consists of these hypothesized
relations between the consumer knowledge constructs and the propagation of product
development faults to CPFs through differences in usage behavior and differences in
cognitive processing of encountered interaction problems. Furthermore, the framework
contains possible moderating effects of both other consumer characteristics (e.g.
demographics) and the usage environment in which the consumer-product interaction takes
place. As discussed in section 2.2, in terms of cognitive processing of encountered interaction
problems, this dissertation only further investigates the effect of consumer knowledge on
failure attribution. Furthermore, the propagation of CPFs to the consumer’s response to these
CPFs and the effect of consumer knowledge on this response are not further investigated in
this dissertation as they are out of the scope of this dissertation.

Please note that the relations between the different consumer knowledge constructs and the
other moderating variables on the one hand, and usage behavior and failure attribution on the
other hand, are not represented separately. This is because of clarity reasons and because, due
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to time constraints, only a subset of these relations can be investigated. In each of the
following chapters, the hypothesized relations between the independent and dependent
variables are further specified for each empirical study conducted.
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Figure 3.7  Conceptual research framework

Combined with the general aim of this research project defined in section 1.3, the
hypothesized relations defined in the conceptual framework result in the following main
research question addressed in this dissertation:

How does consumer knowledge affect usage behavior and failure attribution
of consumer electronics?

This research question will be answered by dividing it into several sub questions. First of all,
the results of the literature review on consumer knowledge constructs show that consumer
knowledge measurements are context dependent and should therefore be specifically tailored
to the goal of each empirical study. Since no up-to-date and ready-to-use consumer
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knowledge constructs are available for CE and DTV systems in particular, the first sub
research question which needs to be answered is:

1. How can consumers be differentiated on knowledge of consumer electronics?

The empirical studies used to answer this sub research question are discussed in Chapter 4 and
part of Chapter 7. To fully understand the effect of consumer knowledge on both usage
behavior and failure attribution, the second part of the main research question is answered in
two parts:

2. How does consumer knowledge affect usage behavior of consumer electronics?

3. How does consumer knowledge affect attribution of product failures in consumer
electronics?

The empirical study used to answer sub research question two is discussed in Chapter 5 and
the empirical studies used to answer sub research question three are discussed in Chapters 6
and 7. Before discussing these empirical studies, the general research approach used for these
studies is discussed in the following section.

3.5 Research approach and methodology

In this section, the selection of the research approach used throughout the remainder of this
dissertation is discussed. As discussed in Chapters 1 and 2, the research presented in this
dissertation uses insights from multiple disciplines. Although the research constructs defined
in the conceptual research framework are well-researched within each specific field, the
combination of these constructs is hypothesized to give new insights for the Q&R field. This
and the context of the TRADER project of which this research project is part of, have
implications for the selection of the appropriate research approach. Because of the exploratory
nature of this research project, an iterative research approach is used. This implies that the
research questions defined in section 3.4 are answered in several iterative steps to be able to
further refine the use and measurement of the research variables.

The selection of the research methodology for each step of the iterative process depends on a
number of factors (Christiaans, Fraaij, De Graaff & Hendriks, 2004; Robson, 1995; Yin,
1994):

e The type of research question

¢ The extent of control over behavioral events

e The degree of focus on contemporary versus historical events

e The goal of the research project

e The project’s constraints and available resources
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First of all, because the research questions stated in section 3.4 cover hypothesized relations
between behavioral constructs based on insights from theoretical models, the use of
experimental methodology seems most appropriate (Christiaans et al., 2004; Yin, 1994).
However, the exploratory goal of this research project and the multidisciplinary approach
make a pure experimental approach infeasible and also not desirable. A pure experimental
approach requires a high degree of control over behavioral events and requires the
experimental manipulation of consumer knowledge to be able to randomly assign participants
to experimental groups (Stangor, 1998, p.17). As discussed in section 1.3, the goal of this
research is to gain more insight into the relation between the diversity of consumers using
complex CE and the propagation of product development faults to CPFs and subsequent
potential consumer complaints. Consequently, other behavioral research designs than “pure”
experiments need to be considered to capture the heterogeneity of consumer groups in
practice (Stangor, 1998, p. 17; Goodwin, 2005, p.72).

To answer the first sub research question the use of a descriptive research approach by using
surveys seems to be the most appropriate. As discussed by Stangor (1998, p. 12), this
approach can be used to answer questions on current states of affairs and can as such give a
complete understanding of how a larger population of consumers can be categorized on their
knowledge of complex CE. To answer the second and third sub research question the quasi
experimental approach is used (Cook & Campbell, 1979). This approach is similar to a
normal experiment with independent and dependent variables but participants are not
randomly assigned to groups. In a quasi experimental approach one of the possible designs is
to assign participants to groups based on demographic variables or on the measurement of an
occurring characteristic (e.g. consumer knowledge) (Stangor, 1998, p. 262). In other words,
this is a sort of experimental approach with a correlation research design (Stangor, 1998, p.
253). When using this approach it is important to consider that no conclusive causal relations
can be drawn such as in the pure experimental approaches (Goodwin, 2005, p. 315). However,
the approach can be used to give insight into the strength and direction of the relationship
(Stangor, 1998, chapter 9) which suits the multidisciplinary approach and the focus on
application of research insights rather than gaining insights into fundamental relationships
(such as in consumer behavior or psychology research).

Because of the use of an iterative process, it is important to note that the research questions
are not answered sequentially and different methodologies and consumer knowledge
constructs are used in the empirical research presented in Chapters 4 through 7. An overview
of the empirical research discussed in the following chapters is shown in Table 3.2. In this
table it is shown which consumer knowledge constructs and which dependent variables are
addressed in each chapter. Furthermore, for each construct it is shown whether its
measurements are newly developed or based on previous research. As can be seen in Table
3.2, the following chapter discusses the set-up and results of a survey to differentiate
consumers on subjective expertise and familiarity of core and supplemental knowledge
domains of a multimedia LCD TV.
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Overview of empirical research

Table 3.2
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4 Development and validation of

subjective expertise and familiarity
measurements of consumer electronics

This chapter describes a paper-based survey to investigate how and to what extent consumers
can be differentiated on consumer knowledge of multimedia LCD TVs. More specifically, the
focus is on categorizing consumers on subjective expertise and familiarity on both core (TV)
and supplemental (computer) knowledge domains, taking several moderating variables (age,
gender and intention-to-use) into account. The resulting consumer classification is used to
investigate how consumer knowledge affects product usage behavior discussed in the
following chapter.

This chapter is organized as follows. Section 4.1 describes the conceptual framework that
underlies this chapter and the following one. Subsequently, in section 4.2 the design of the
survey to investigate the differentiation of consumers on subjective expertise and familiarity
of LCD TVs is discussed. Section 4.3 reports on the results of this survey and discusses the
reliability and validity of the consumer knowledge measurements developed for this study.
Finally, this chapter concludes with a discussion of the results and limitations of this study in
section 4.4.

4.1 Conceptual framework

This section discusses the research variables and the subsequent formulation of the conceptual
framework, which serves as a basis for Chapters 4 and 5.

As previously discussed in section 3.2.2, consumer knowledge and the selection of suitable
consumer knowledge measurements are dependent on both the product category and the
consumer behavior variables of interest. Therefore, section 4.1.1 briefly discusses the product
category used throughout the empirical studies discussed in Chapters 4 through 8.
Subsequently, section 4.1.2 discusses the constructs underlying the measurement of usage
behavior as was previously shown in the overall conceptual research framework in Figure 3.7.
Based on both the selection of the product category and dependent (usage behavior) variables,
the selection of appropriate consumer knowledge measurements for the survey is discussed in
section 4.1.3. Furthermore, since research has shown that the effect of consumer knowledge
on consumer behavior can only be correctly interpreted by taking context dependent
moderating variables into account (Alba & Hutchinson, 1987), section 4.1.4 discusses which
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control and moderating variables are taken into account. Finally, section 4.1.5 gives an
overview of the conceptual framework for this chapter and the following chapter.

4.1.1 Selection of product category

In section 1.1.2 it was discussed that this research project is part of the TRADER project,
which focuses on DTV systems as an application domain. DTV systems are TV systems with
a complex software architecture (Fischer, 2004; Stroucken et al., 2005; Tekinerdogan et al.,
2008). Examples of these TVs are current (high-end) LCD TVs and plasma TVs.

Although nowadays almost every consumer in The Netherlands is, to some extent, familiar
with the basic functionality of TVs, taking DTV systems as a case study is still very
interesting for this research project. First, as discussed in Example 1.1 in Chapter 1, TVs have
changed dramatically from a technological point of view, both in terms of software content
and in terms of connectivity requirements. This shift has also resulted in a larger span of
potential product development faults (Tekinerdogan et al., 2008). Secondly, DTV systems
offer far more functionality than only watching TV programs. They can be used to access the
Internet, watch digital photos stored on a solid state storage device and even connect (wireless)
to a PC to watch downloaded movie content nowadays. Consequently, these products are
highly complex both from a technological and a consumer point of view. It can therefore be
assumed that for this product category there is a significant spread of consumer knowledge
across a large consumer population (i.e. almost every consumer owns a TV).

4.1.2 Usage behavior of complex CE

In section 3.4, it was discussed that consumer knowledge is expected to influence responses
of consumers to any kind of problem they encounter during product usage and as such
influence how subsequent interaction problems and which subsequent interaction problems
occur in the context of the fault-complaint propagation model.

How consumers use products can be measured in many different ways. In the context of the
conceptual research framework shown in Chapter 3 in Figure 3.7, of main interest are those
variables which capture how consumers deal with product development faults and related
events during usage of complex CE. As such, the goal is not to capture differences in how
often a product is used or how many different functions of a product are used by different
consumer groups (for example, see the research by Shih and Venkatesh (2004)). As discussed
in section 2.3.1, in usability and related research various measurements and techniques can be
found that reflect the consumer’s actions when using a system. However, choosing suitable
usability measures is difficult and the conclusions of studies in this context depend on the
chosen usability measures (Hornbzk, 2006).

The most commonly applied groups of performance measures of usability are effectiveness
and efficiency (ISO 9241-11, 1998). Effectiveness 1s defined as: “the accuracy and
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completeness with which users achieve specified goals”; and efficiency is defined as:
“resources expended in relation to the accuracy and completeness with which users achieve
goals” (ISO 9241-11, 1998). In usability literature many different performance measures can
be found on both groups (see for example Hornbak (2006) for an extensive overview). Since
these measures are generally accepted both effectiveness and efficiency measures will be used
in the laboratory experiment to reflect product usage behavior. Furthermore, in a similar study
on the performance of mobile phones these measurements have proven to reflect differences
in consumer knowledge (Ziefle, 2002).

However, research also shows that effectiveness and efficiency measures alone do not fully
capture the rich, multidimensional and temporal aspects of product usage in consumer tests
(Hilbert & Redmiles, 2000; Hornbak, 2006; Kim & Han, 2008). In other words, these
measures can reflect consumer knowledge differences in product usage but, for example, do
not give information on different actions taken by consumers to perform a certain task.
Consequently, to gain more insight into how consumer knowledge affects differences in
product usage behavior, the product usage patterns need to be taken into account as well. For
example, Cuomo (1994) shows that sequential analysis techniques such as lag sequential
analysis and pattern analysis can help to discover habitual stereotyped patterns of consumer
behavior.

Summarizing, differences in consumer knowledge are hypothesized to affect differences in
product usage behavior reflected through differences in both standard usability measurements
of effectiveness and efficiency and more advanced measures of usage patterns. Which specific
usability and usage pattern measures and techniques are used in the laboratory experiment
will be further discussed in Chapter 5.

4.1.3 Selection of consumer knowledge measurements

In section 3.2.2 it was discussed that consumer knowledge consists of both familiarity and
expertise constructs, which can be measured both subjectively and objectively. Although there
is abundant research evaluating the effect of product usage experience or product ownership
(i.e. familiarity) on (perceived) product usability (Lazar & Norcio, 2003; Nielsen, 1993;
Ziefle, 2002), expertise dimensions as defined in consumer behavior literature (e.g. Alba and
Hutchinson (1987)) are often not taken into account. Furthermore, often only objective
measurements of familiarity (e.g. usage experience in years or ownership of a product) are
used. As a first step, the survey discussed in this chapter and the subsequent laboratory
experiment discussed in the following chapter investigate the effect of subjective expertise
and objective and subjective familiarity on product usage behavior. The choice is made to
focus on these measurements initially (and for now exclude objective expertise) because:

e There are standardized scales available for both subjective expertise and objective

measurements of familiarity.
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e Subjective expertise reflects differences in an individual’s confidence in his/her level
of product knowledge, which hypothetically can have an effect on how consumers
deal with interaction problems during product usage.

e Objective expertise measurements are highly product and context dependent and are
very difficult and time consuming to develop. Since this research is still in an
exploratory stage, the choice is made to exclude this measurement at this stage.

e Meta-analysis of consumer knowledge studies’ has shown that subjective expertise
measurements are an adequate surrogate for objective expertise measurements for
durable and luxury goods (Carlson et al., 2009).

Furthermore, as discussed in section 3.2.1, Alba and Hutchinson (1987) argue that for
different products and tasks different types of knowledge are required to positively affect
performance. Since high-end LCD TVs nowadays include Internet browsers and other
functionalities emerging from the PC domain, the concept of core and supplemental
knowledge domains of Moreau et al. (2001) is used to differentiate consumers on knowledge
of LCD TVs. Similar to the original use of this concept to help better predict adoption of
discontinuous innovations (Moreau et al., 2001; Saaksjarvi, 2003), it is expected that
knowledge on one or more supplemental knowledge domains better facilitates the consumer’s
understanding of the functionalities of the product under study. In other words, in this first
study both knowledge measurements on TVs (core knowledge domain) and on computers
(supplemental product domain) are chosen to be taken into account. The expected consumer
groups resulting from this classification are shown in Table 4.1. Because it is not yet known
whether consumers can be segmented into these four groups for complex CE such as LCD
TVs, specific hypotheses on the effect of consumer knowledge in both product domains on
usage behavior are formulated in Chapter 5.

Table 4.1 Classification of consumers on core and supplemental product domain
knowledge of LCD TVs (adopted from Saaksjarvi (2003)).

Supplemental knowledge domain (computers)

high low
Core domain = high Technovators Core experts
(televisions) low | Supplemental experts Novices

4.1.4 Selection of control variables and moderating variables

To be able to fully understand the relationship between consumer knowledge and product
usage behavior several moderating and control variables need to be taken into account (Alba
and Hutchinson, 1987; Carlson et al., 2009). Following the definition by Baron and Kenny
(1986), a moderator variable is “a qualitative (e.g. gender, race, class) or quantitative (e.g.
level of reward) variable that affects the direction and/or strength of the relation between an

? Please note that this meta-analysis publication was published after completion of this study
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independent or predictor variable and a dependent or criterion variable. Previous consumer
knowledge research has shown that age (e.g. Arning and Ziefle (2009)) and gender (e.g.
Peracchio and Tybout (1996)) potentially affect the use of consumer knowledge in product
usage and evaluation situations and are therefore taken into account as possible moderating
variables in this study.

Furthermore, as discussed by Saaksjarvi (2003), the consumer’s level of compatibility with a
product could potentially affect how consumer knowledge affects usage behavior. Consumers
who find a product to be completely incompatible with his/her lifestyle, values and needs, will
never voluntarily use this product. For example, the situation can arise that, although a
consumer is classified as a “technovator” based on his level of TV and computer knowledge,
a lack of motivation to use a high-end complex LCD TV negatively affects his/her willingness
to perform product-related tasks. Consequently, the consumer’s intention to use high-end
LCD TVs needs to be controlled for; consumers with extremely low interest to use this type
of product need to be excluded from the laboratory experiment because for these consumers
the effect of knowledge could be different or less strong.

Although Saaksjarvi (2003) used the construct of compatibility (of the adoption diffusion
model developed by Rogers (2003)) to control for this factor, for this study a more general
construct is preferred because compatibility only refers to specific aspects of intention-to-use
products. A more abstract and encompassing method to measure intention-to-use can be found
in the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh, Morris,
Davis & Davis, 2003). Research has shown that user acceptance of information technology
has a strong relationship with the intention to subsequently use this technology (Davis, 1989;
Taylor & Todd, 1995; Venkatesh et al., 2003). Although the UTAUT model is designed for
use in work environments, its questions can be adapted for use in private situations for CE.

4.1.5 Conclusion

The research variables and its hypothesized relations that were discussed in this chapter are
shown in Figure 4.1. Based on this conceptual framework and the classification of consumers
on both knowledge domains, hypotheses will be formulated in section 5.1.

In this chapter the first step to answer the first research sub question is taken. The goals of the
survey discussed in the remainder of this chapter can therefore be described as follows:
e To set-up a measurement for subjective expertise and familiarity in the TV and
computer domain related to complex LCD TVs.
e To validate these measurements in a survey.
e To investigate the differentiation of consumers into segments based upon the
measurement scales of subjective expertise and familiarity.

e To select participants for the experiment discussed in Chapter 5.
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Figure 4.1  Conceptual framework for Chapter 4

4.2 Survey design

In this section the design of the survey, which is used to investigate the differentiation of
consumers on subjective expertise and familiarity on both the TV and computer product
domain, is discussed. Section 4.2.1 discusses the population and selection of the sample for
this study, as well as the data collection method appropriate for this sample. Subsequently,
section 4.2.2 discusses the research variables, their relations and the measurement of these
variables. Finally, section 4.2.3 discusses the design of the questionnaire by which these
variables are measured.

4.2.1 Population, sample and sampling method

Before discussing the set-up of the measurement of the consumer knowledge variables and the
design of the questionnaire, the selection of the survey population and sample needs to be
discussed. According to Dillman (2000, p. 196) the survey population “consists of all of the
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units to which one desires to generalize survey results” and “the sample consists of all units of
the population that are included in the survey”. The selection of the sample and the
appropriate sampling method is of specific importance for the level and type of
generalizations that can be drawn for the population (Lohr, 2008, p. 98).

The purpose of this first study is to investigate the categorization of consumers on knowledge
on the core and supplemental domains of high-end LCD TVs. Consequently, the population of
interest for this study consists of consumers who are willing to use such an LCD TV and meet
generally used demographic criteria, such as aged 16 years old or above. Preferably, a
heterogeneous population (i.e. in terms of educational level, age, gender etc.) should be used
to have a potentially larger range of levels of knowledge on the core and supplemental domain
of high-end LCD TVs. As such, the goal of this study is not to generalize the results to the
entire population of TV consumers. Moreover, in this context it is very difficult to determine
up front which consumers meet the inclusion criteria in the sample such as being interested in
using this type of TV. Non-probability sampling is therefore acceptable (Stangor, 1998, p. 103)
in which respondents are not selected randomly and the sample does not necessarily
statistically represent the population from which the sample is drawn (De Leeuw, Hox &
Dillman, 2008, p. 9).

Furthermore, it is important to note that since this research project is conducted in the
Netherlands only Dutch respondents are included in this survey and subsequent experiments
and surveys discussed in the remaining chapters. One of the consequences of using a
heterogeneous population is that the complete questionnaire needs to be written in the Dutch
language to prevent nonresponse and measurement error due to not understanding the English
language (Lynn, 2008, p. 49). The translation process is further discussed in section 4.3.3.

Based on the discussion above, convenience sampling was used for this survey (Stangor, 1998,
p. 104). By using this sampling method it could be ensured that the questionnaire reached
different consumer groups and that a sufficient response rate was achieved to be able to
recruit a sufficient number of participants for the laboratory experiment discussed in Chapter
5. Although for nonprobability sampling no statistical inferences can be drawn for an entire
population and from that perspective no sample size requirements can be formulated, to be
able to use the statistical technique factor analysis (Hair, Black, Babin, Anderson & Tatham,
2006) to analyze the validity of the consumer knowledge measurement scales the absolute
minimum sample size is 50 respondents or at least five times the number of observations used
for factor analysis which is 170 (5 x 34 items, see also section 4.3.3). Taking into account that
convenience sampling results in a higher response rate than random sampling, a sample size
of 400 was estimated to be sufficient to reach the minimum sample size. A self-administered
mail survey was used as the data collection method because of the limited resources required
(De Leeuw and Hox, 2008) and because research has shown that reasonable average response
rates for this method are reported (De Leeuw, 2008, p. 128).
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The distribution of questionnaires for this study started on the 19" of February 2007 and
questionnaires returned before the 26™ of March 2007 were included for further analysis (i.e.
approximately one month response time). Out of the total of 400 questionnaires, 288 were
distributed via friends, family, colleagues and students (convenience sample). To reach the
required sample size of 400, the remaining 112 questionnaires were sent to postal addresses in
the city of Eindhoven in the Netherlands which were randomly selected via a website with a
list of all postal codes in the area. Please note that this additional method of respondent
recruitment was purely used to exhaust all potential means of recruiting as many respondents
as possible and therefore the results cannot be generalized beyond conclusions drawn from a
convenience sample.

4.2.2 Research variables

In this section the measurement scales used to measure subjective expertise, objective
familiarity, subjective familiarity and intention-to-use are discussed. Unless stated otherwise,
the measurements discussed in this section are used for both TVs and computers.

Subjective expertise measurement

In consumer knowledge research, a common measurement to assess subjective expertise is to
use a single self-report item (see for example Cordell (1997)) in which consumers are asked to
report their perceived level of knowledge on a product or service. However, for single self-
report items it is difficult to establish reliability and validity and most of these items were
tailored to a specific study. To counter these issues and reduce the possibility of measurement
error, a multi-item scale to measure subjective expertise developed by Flynn and Goldsmith
(1999) is used. This scale consists of five items reflecting the construct of subjective expertise
for which consumers are asked to rate on a seven-point Likert scale whether they agree with
the statement or not. This scale has been validated for multiple products, services etc. (Flynn
& Goldsmith, 1999). An overview of the items adjusted for the measurement of subjective
expertise of TVs is given in Table 4.2.

Table 4.2 Subjective expertise measurement (adjusted from Flynn and Goldsmidt (1999))

Item | Question

1 | I know pretty much about televisions.

I do not feel very knowledgeable about televisions. (reverse score)

Among my circle of friends, I am one of the "experts" on televisions.
Compared to most other people, I know less about televisions. (reverse score)

DN B~ W N

When it comes to televisions, I really do not know a lot. (reverse score)

A measure of subjective expertise can be obtained by reversing the scores of the negative
items and adding the scores up with those of the positive items. The Dutch subjective
expertise measurement scale can be found in Appendix 4.1. For the subjective expertise scale
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and other scales used in this questionnaire the explicit choice is made to limit the number of
response categories to five due to the use of a heterogeneous sample (for example, for older
respondents a differentiation of their answer on a seven-point scale could prove to be too
difficult to use (see for example Fowler & Cosenza (2008)).

Objective familiarity measurement

In this survey product familiarity is objectively measured by one item measuring the average
totality of usage of both televisions and computers (Smith, Caputi et al., 1999; Soderlund,
2002). For both products objective familiarity is measured on a five-point Likert scale. To
account for the possibility that a respondent did not use a TV or computer at all, a
dichotomous (“yes/no”) question was used to filter out respondents with no usage experience
of TVs and/or computers (see also section 4.2.3 on questionnaire design issues). These
responses were subsequently coded at “0” for objective familiarity. The categories of the TVs
objective familiarity measurement are based on the results of a national survey by the Social
and Cultural Planning Office of the Netherlands on usage of media by the Dutch population in
2006 (Breedveld et al., 2006). Average use of computers is also reported in this survey but the
results only reflect usage during leisure time. Therefore, the categories were estimated to
account for usage of computers at both work and at home. The Dutch objective familiarity
measurement can be found in Appendix 4.1.

Subjective familiarity measurement

In literature on consumer knowledge, subjective familiarity measurements include scales to
measure levels of the consumer’s perceived information search on, and usage and ownership
of a product (Alba & Hutchinson, 1987; Dodd et al., 2005; Park et al., 1994). However,
details on which items are used to measure these variables are not discussed in detail and
therefore need to be specifically developed for this study. First of all, ownership and usage are
measured by using dichotomous items, which are used to exclude or include subsequent
questions on information search and product usage (i.e. if a respondent answered “no” to the
television usage question, the respondents is asked to skip subsequent items dealing with
television usage). Secondly, subjective measurement of product usage is measured by three
items reflecting product usage in daily life and product usage compared to friends and family.
Finally, information search is divided into three sub scales reflecting information search
during product purchase (e.g. “If I consider to buy a television, I consult multiple information
sources”™'?), information search during product use (e.g. “I often seek for information on the
use of my television on the Internet”) and information search in general (e.g. “I regularly talk
to my friends and colleagues about new developments in television products”). All items were
measured on five-point Likert scales similar to those used for subjective expertise

' Please note that the original subjective familiarity measurement items were developed in the Dutch language
and that the items formulated in English in this section are translated by the researcher for explanatory purpose
only. Use of these items in research in the English language requires a more thorough translation process (e.g.
see Behling and Law (2000)).
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measurement. An overview of the subjective familiarity questions (in Dutch) is given in
Appendix 4.1.

An overview of the main constructs (besides objective familiarity which has to be analyzed
separately due to the use of a different type of measurement than for the other constructs) and
underlying constructs discussed above is shown in Figure 4.2. The different levels of
underlying constructs will serve as a basis for the statistical analysis of the results of the
survey discussed in section 4.3.

Consumer knowledge
Core/ supplemental domain

Subjective Subjective
familiarity expertise
Amountof
Amountofuse . .
information search
During purchase General interest Duringuse

Figure 4.2  Underlying constructs of the questionnaire

Intention-to-use
As discussed in section 4.1.4, the UTAUT model developed by Venkastesh et al. (2003) is
used to control for respondents who are not motivated to use high-end LCD TVs and therefore
should be excluded from selection for the laboratory experiment discussed in Chapter 5. The
original UTAUT model consists of the following four constructs (Venkatesh et al., 2003):
e Performance expectancy: “the degree to which an individual believes that using the
system will help him or her to attain gains in job performance”.

e Effort expectancy: “the degree of ease associated with the use of the system”.

e Social influence: “the degree to which an individual perceives that important others
believe he or she should use the new system”.

e Facilitating conditions: “the degree to which an individual believes that an
organizational and technical infrastructure exists to support use of the system”.
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From the definition of the constructs can be seen that these constructs are designed to measure
intention-to-use information technology in work environments. To apply these concepts to the
context of the use of CE in home environments several adjustments need to be made. First,
the construct “social influence” is removed from the scale because it does not reflect the
context of usage of CE in home environments. Secondly, one item of the performance
expectancy scale is removed because it is only valid for work environments (“If I use the
system, I will increase my chances of getting a raise”). Finally, several words are changed to
match the context to usage of multimedia LCD TVs in the home environment. The adjusted
constructs and its items (in Dutch) are shown in Appendix 4.1.

4.2.3 Questionnaire design

To conclude the section on the design of the survey, this section discusses the most important
aspects of the design of the questionnaire and cover letter. An overview of the items to
measure the research variables is shown in Appendix 4.1

Question and response categories wording and order
Based upon the research variables discussed in section 4.2.2, the final questionnaire consisted
of nine different parts in the following fixed order:
1. Introduction to questionnaire
Measurement of subjective expertise of TVs
Measurement of familiarity with TVs
Measurement of subjective expertise of computers
Measurement of familiarity with computers
Introduction to functionality of multimedia LCD TVs
Measurement of Intention-to-use multimedia LCD TVs

S AN o

Personal information (age, gender and educational level and contact information for
the experiment and price draw'")
9. Willingness to participate in the laboratory experiment discussed in Chapter 5'

Besides following the general guidelines on questionnaire, question and item construction
(Dillman, 2000; Fowler & Cosenza, 2008; Schwarz, Knéduper, Oyserman & Stich, 2008)
which will not be discussed in further detail, special attention was paid to two aspects
regarding the design of the questions. Several potential order effects were taken into account
when ordering these subjects in the final questionnaire (Dillman, 2000, p. 89). First, the
measurement of intention-to-use LCD TVs was put after the measurement of subjective
expertise of LCD TVs because there is a potential of carryover effects of the intention-to-use

' Respondents were informed that the contact information was not required when a person wanted to remain
anonymous but did want to participate in the survey.

12 Respondents were given the explicit choice to receive more information about the experiment or not. It was
made clear that not willing to participate in the experiment did not affect the participation in the prize draw
among the survey respondents.
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measurement of complex multimedia TVs to the level of expertise a respondent perceives to
have about TVs in general. Secondly, personal information and willingness to participate in
the experiment were put at the end of the questionnaire because these more personal questions
could reduce the response rate when stated at the beginning of the questionnaire. Finally, it is
important to consider that it is common to self-administered questionnaires that respondents
are the locus of control and they complete the questions without involvement of the researcher
in the question—answer process as during personal interviews (De Leeuw & Hox, 2008, p.
261). Consequently, on the cover page of the questionnaire a random person of the family was
requested to fill in the questionnaire provided his/her age is at least 16 years old. Furthermore,
the questionnaire was designed as such that participants were guided through each section and
control questions (i.e. dichotomous items measuring TV and computer usage) were included
to allow respondents to skip parts of the questionnaire when s/he, for example, did not own a
computer (but still could use a computer in an office environment).

Translation of questionnaire items

All the questionnaire items that were originally formulated in English (i.e. subjective
expertise and intention-to-use items of the UTAUT model) were translated into Dutch by
using the parallel blind technique (Behling & Law, 2000, p. 23). This method has as an
advantage that it can be done faster and allows for more control by the researcher than more
traditional translation processes (Behling & Law, 2000, p. 23). Furthermore, since the
researchers were fluent in both Dutch and English, the major drawback of this method (lack
of source language transparency) is countered. The translation process from English to Dutch
was conducted by two persons (an official translator and a person who has been living
alternatively in both the Netherlands and the United Kingdom for several years). Both
translations were compared by the researcher and a number of discrepancies were resolved by
choosing the (perceived) most optimal solution.

Methods to improve response rate
To improve the response rate (besides the advantage of the use of a convenience sample)
within the limited resources of the research project, several methods were used of which the
most important are (Dillman, 2000; Lynn, 2008):
¢ Ensuring confidentiality of information provided.
e Use of the university and research project name and logo to emphasize the importance
and professionalism of the research project.
e Price draw of €150,- in gift vouchers among the respondents who returned a
completely filled in questionnaire as an incentive to return the questionnaire.
¢ Free response envelope to lower the effort of returning the questionnaire.
¢ Email address on the cover letter and on the questionnaire to contact the researchers.

Pilot survey
Before the questionnaires were distributed among the target sample, a small pilot survey with
five participants was conducted to test the understanding of the cover letter, formulation of
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items and response categories, question order and complete survey procedure. Based on the
comments of the participants, small changes were made in the wording used in the cover letter
and in the description of the multimedia LCD TVs described before participants are asked to
respond to the statements on intention-to-use.

4.3 Survey results

In this section, the results of the survey are discussed. First, section 4.3.1 discusses the
response rate and gives an overview of the characteristics of the respondents included for
further analysis. Subsequently, section 4.3.2 discusses the set-up of the statistical analysis of
the survey data. In section 4.3.3 the validity and reliability of the consumer knowledge
measurements and the intention-to-use measurement are discussed. Finally, this section
concludes with a discussion of the classification of the survey respondents on their knowledge
on the core and supplemental domain of high-end LCD TVs in section 4.3.4.

4.3.1 Survey response rate and respondent characteristics

In total 240 questionnaires were returned within the defined data collection period. This
resulted in a response rate of 60.0%, which is consistent with earlier research findings of mail
survey response rated as reported in De Leeuw (2008, p. 128). Out of the 240 returned
questionnaires 16 were excluded due to missing answers, which left 224 questionnaires
remaining for further analysis. An overview of the characteristics of the respondents is shown
in Table 4.3".

Table 4.3 Overview of respondent characteristics in terms of age, educational level and
gender

Age n % Educational level n % Gender n %0

< 21 years 18 8.0 | Low 31 13.8 | Male 138 61.6

21 — 30 years 54 24.1 | Medium 95 42.4 | Female 86 38.4

31 —40 years 33 14.7 | High 98 438

41 - 50 years 59 26.3

51 — 60 years 37 16.7

61 — 70 years 16 7.1

71 — 80 years 6 2.7

80 > years 1 0.4

Total 224 100.0 224 100.0 224 100.0

The results show a reasonable distribution among the age categories; the age of the
respondents varied from 16 to 81 years old. The majority of the respondents were male

13 Please note that no significant differences were found in the characteristics of the respondents recruited via the
convenience sample and the respondents recruited via random mail.
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(61.6%) and medium to highly educated (86.2%). Possible causes for these effects are the use
of a convenience sample (i.e. use of colleagues and students on a technical university) and the
possibility that certain consumer groups are more interested in the topic of the questionnaire
than other groups and therefore more easily fill in and return the questionnaire (Dillman, 2000,
chapter 5). From the 224 questionnaires remaining for further analysis, 33 were filled in
anonymous and 60 respondents indicated that they wanted to receive more information on
participation in the laboratory experiment discussed in Chapter 5.

4.3.2 Set-up of the data analysis

The goals of this study, as stated in section 4.1.5, were 1) to set-up and validate the
measurements of subjective expertise and familiarity in the TV and computer domain related
to multimedia LCD TVs; and 2) to investigate the differentiation of consumers into segments
based upon their level of knowledge on these product domains. This section discusses the set-
up of the data analysis and tests the assumptions underlying this analysis to assess the
(construct) validity and reliability of the constructs used in the questionnaire as shown in
Figure 4.2. In this context reliability refers to the extent to which the measurements are free
from random error (Stangor, 1998, p. 82) while construct validity refers to the extent to which
a measured variable actually measures the construct that it is designed to assess (Stangor,
1998, p. 86).

Assessment of scale validity and reliability

To investigate the validity of the consumer knowledge measurements used in the
questionnaire, factor analysis is used. According to Hair et al. (2006, p. 104), factor analysis is
an interdependence technique that can be used to define the underlying structure among
variables in the analysis. In this context, factor analysis can thus be used to investigate
whether the four consumer knowledge constructs (i.e. subjective expertise and subjective
familiarity on both TVs and computers) as defined in Figure 4.2 are reflected in the survey
data. However, from Figure 4.2 it can be seen that subjective expertise is a single construct
without underlying constructs while subjective familiarity consists of two lower level
constructs that are amount of use and amount of information search. Furthermore, the amount
of information search is hypothesized to consist of three lower level constructs. Consequently,
there are several layers of constructs that should be taken into account in the factor analysis.
To be able to show whether the data reflects these layers in the subjective familiarity
constructs, layered factor analyses need to be performed. Objective familiarity measurements
will be treated as separate variables and are not included in this factor analysis because these
measurements do not involve multiple item scales and are measured with different response
categories (i.e. a sixth category was added to account for respondents with no usage
experience of TVs or computers). After factor analysis, overall scale reliability and validity
are further assessed through computation of Cronbach’s alpha and by assessing convergent
and discriminant validity of the scales (Stangor, 1998, p. 86-87).
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Check of assumptions underlying factor analysis

The first stage of performing factor analysis is to select a specific factor analysis method to
use based upon the objective of the data analysis. Since the objective of this factor analysis is
to identify latent dimensions of consumer knowledge underlying the items used in the
questionnaire, an R factor analysis can be used (Hair et al., 2006, p. 107). Furthermore, before
performing factor analysis, several conceptual and statistical assumptions need to be verified
(Hair et al., 2006, chapter 3).

With respect to conceptual issues, no independent and dependent variables are mixed in a
single factor analysis, the sample is homogeneous with respect to the underlying factor
structure and the sample size of 224 exceeds the minimum sample size requirement of 170
respondents (minimum sample size 5 x 34 items = 170 respondents). Concerning the
statistical issues, the correlation matrix shows a substantial number of correlations bigger than
the cut-off point 0.3 and the anti-image correlation matrix also shows that there are no partial
correlations with a value larger than 0.7, which indicates that “true” factors are present in the
data. Furthermore, after removal of the variable UseTel 2 4 due to a low Measure of
Sampling Adequacy (MSA) value, the MSA for all individual variables, the overall MSA
shown in Table 4.4 and the results of a Bartlett’s test of sphericity shown in Table 4.4,
indicate that all the other variables are suitable for further analysis (Hair et al., 2006, p. 114).

Table 4.4 MSA and Bartlett’s test for the initial factor solution

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.873
Bartlett’s Test of Sphericity Approx. Chi-Square 6276.167
df 561
Sig. .000

Summarizing, based on the assumptions check, the data of this study is suitable for factor
analysis. Before proceeding with the discussion of the factor analysis results in the following
section, first the factor extraction and rotation method need to be selected. For factor analysis
there are two factor extraction methods: common factor analysis and component factor
analysis (Hair et al., 2006, p. 117). Although the results of the two factor extraction methods
do not differ much when the number of variables exceeds 30, for this study component
analysis is used because the primary goal of this analysis is to reduce the data into the smallest
number of meaningful factors. Furthermore, factor rotation is required to allow for a more
meaningful representation of the questionnaire’s constructs. There are two factor rotation
methods: orthogonal and oblique rotation methods (Hair et al., 2006, p. 126-127). Since
research has shown that consumer knowledge constructs are correlated (Carlson et al., 2009),
an oblique rotation method will be used which allows for correlations between constructs
(Hair et al., 2006, p. 127).

'* A description of the abbreviations of questionnaire items can be found in Appendix 4.1
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4.3.3 Questionnaire validation

Basic factor analysis of consumer knowledge constructs
Before performing a layered factor analysis in which the number of components extracted
from the data is fixed to a certain number based upon the theoretical model defined in Figure
4.2, first a basic factor analysis is performed to investigate whether the data already represent
the four consumer knowledge constructs. In this factor analysis there is no fixed number of
components to be extracted. According to Hair et al. (2006, p. 128), with a sample size of
approximately 200, variables with factor loadings below 0.40 are not statistically significant
and are therefore a candidate for exclusion. After three subsequent iterations the following
variables were excluded due to significant cross loadings on multiple components and/or due
to insignificant factor loadings:

e Subjective expertise of computers: SubExCom_2 and SubExCom_5

e All SearchUTel and SearchUCom items.
Especially the removal of all items reflecting information search during product use is
surprising.

The final factor solution for this factor analysis is shown in Appendix 4.2. From this factor
solution can be seen that the variables are not grouped together according to the predefined
constructs. The general information search items for both product domains and the subjective
expertise and amount of use items for computers are grouped together. Consequently, it can
be concluded that the collected data does not directly represent the four consumer knowledge
constructs and that a layered factor analysis is needed to further interpret these results.

First layer factor analysis of consumer knowledge constructs

The first level analysis was performed with the number of factors to be extracted equal to the
number of all individual constructs for both knowledge domains. In total there are 10
individual constructs (5 for each knowledge domain) as shown by the dashed boxes in Figure
4.3.

Similar to the basic factor analysis presented above, the initial solution showed significant
cross loadings for the information search during use constructs for both domains Furthermore,
a non-significant factor loading for UseTel_3 was observed. After removing these variables
there are eight constructs remaining for subsequent analysis. In the second iteration the
remaining items are grouped together according to the predefined constructs as shown in the
pattern matrix in Table 4.5.
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Figure 4.3  First layer of constructs to be tested in factor analysis

Second layer factor analysis of consumer knowledge constructs

The second layer factor analysis was performed by using the results of the first factor analysis
as input. In other words, the factor scores resulting from the first level analysis was treated as
data in this analysis (for example, general information search on computers was summated to
one score based on the individual factor scores for component eight shown in Table 4.5
above). It is now hypothesized that all factors which represent the amount of information
search will be grouped together for each product domain. Consequently, the number of factors
to be extracted is now six (i.e. three constructs for both the core and supplemental knowledge
domain), as shown by the dashed boxes in Figure 4.4.

After excluding several insignificant variables the factor solution in the pattern matrix did not
show the expected pattern as shown in this figure because the amount of information search
variables cannot be grouped together in one component. Consequently, this factor solution
cannot be used for further analysis.
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Table 4.5 Pattern matrix of the first layer factor analysis

Components
1 2 3 4 5 6 7 8

SearchPTel 1
SearchPTel_2
SearchPTel_3

SearchInfoTel_1
SearchInfoTel 2
SearchInfoTel 3

SearchPCom__1
SearchPCom_2
SearchPCom_3

SearchInfoCom_1
SearchInfoCom_2 -0.828
SearchInfoCom_3 -0.871

Consumer knowledge
Core/ supplemental domain

I
[ OSSR P

D .
= .

Subjective : Subjective
familiarity . expertise

Amount of
¢ informationsearch =

.
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Third layer factor analysis of consumer knowledge constructs
Finally, a third layer factor analysis was performed by grouping the results of the first layer
factor analysis into four main constructs as shown by the dashed boxes in Figure 4.5.

Consumer knowledge
Core/ supplemental domain

Subjective Subjective
familiarity : expertise

Figure 4.5  Third layer of constructs to be tested in factor analysis

In this instance the number of factors to be extracted is equal to four (two constructs for both
the core and supplemental knowledge domain). However, similar to the second layer factor
analysis it was not possible to group the constructs underlying subjective familiarity into one
factor. It can therefore be concluded that the first layer factor analysis results presented in
Table 4.5 represent the final constructs and that there are no deeper layers of constructs
behind the developed subjective familiarity construct. In other words, the subjective
familiarity constructs as defined in Figure 4.2 are not unidimensional.

Factor analysis of intention-to-use construct

The final factor analysis performed is a factor analysis of the intention-to-use construct. For
this construct the same type of factor analysis is used as discussed for the consumer
knowledge constructs. The MSA values and the results of the Bartlett’s test of sphericity are
shown in Appendix 4.3. Due to insignificant factor loadings and significant cross loadings the
items measuring facilitating conditions were removed from further analysis. It can be
concluded that although these items were adjusted to measure facilitating conditions for use of
CE in the home environment, this adjusted construct is not valid in this context. For the
remaining two constructs the pattern matrix shown in Appendix 4.3 groups the items together
similar to the original UTAUT model by Venkastesh et al. (2003). Consequently, these two
constructs are used to represent intention-to-use in further analyses.

Reliability and validity of subjective expertise and familiarity scales

After having analyzed the composition of the constructs underlying the questionnaire, the
overall reliability and validity of the remaining constructs is discussed. For the analysis of
scale reliability Cronbach’s alpha, item-to-total correlations and inter-item correlations are
computed. In order to conclude that a scale is reliable, all item-to-total correlations must
exceed 0.50, all inter-item correlations must exceed 0.30 and Cronbach’s alpha should
preferably exceed 0.70 (Hair et al., 2006, p. 137). From the results shown in Table 4.6 can be
concluded that all remaining constructs and its items meet these requirements and the
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constructs are therefore reliable. This table also lists all the valid items that were used for the

subsequent scale measurements of the consumer knowledge constructs.

Table 4.6 Overview of reliability and validity of final constructs.
Cronbach’ Inter-it Item-total
Construct Valid items ronbachs nter- .em em o'a
Alpha correlations correlations
Subiecti . SubExTel 1, SubExTel 2,
) ‘; JEIEEERIEES SubExTel_3, SubExTel_4, 0.909 05-07  0.68-0.85
vision
CIEVISIONS SubExTel_5
Amount of information SearchPTel_1,
search for televisions SearchPTel_2, SearchPTel_3 0.924 0.7-0.85 0.80-0.90
during purchase
A t of f Tel_2 Tel 4
l’nOTll:IO use? ‘ UseTel_2, UseTel_: 0.809 0.65 0.68
televisions (subjective)
A ¢ of inf . SearchInfoTel 1,
fOUR® OF ITOTMANON 1 SearchInfoTel 2, 0.908 07-08  0.79-0.85
search for televisions
SearchInfoTel_3
SubExCom_1,
Subjecti ti SubExC 2,
e HE-OmL 0.934 0.6-0.85 0.74-0.89
computers SubExCom_3,
SubExCom_4, SubExCom_5
Amount of information SearchPCom_1,
search for computers SearchPCom_2, 0.947 0.8-09 0.88-0.91
during purchase SearchPCom_3
A t of f U 2, UseC 3
FOUAE OLUSE OF - SECOm_<, TSELOM._2, 0.920 0.75-09  0.79—0.87
computers (subjective) UseCom_4
A ¢ of inf . SearchInfoCom_1,
FROURT O ITOTMAUON | qearchInfoCom._2, 0.928 0.75-09  0.80-0.90
search for computers
SearchInfoCom_3
Intentiont PerfExpMMTV_1,
ntention-to-use:
PerfExpMMTV_2, 0.872 0.64-0.78  0.69 —-0.80
performance expectancy
PerfExpMMTV_3
EffExpMMTV_1,
Intention-to-use: effort EffExpMMTV_2,
0.879 0.55-0.82 0.61-0.81

expectancy

EffExpMMTV_3,
EffExpMMTV_4

Based on the respondents’ score on the individual items for each consumer knowledge

construct for each product, a mean score for each construct is computed. An overview of the

descriptive statistics for each construct is shown in Table 4.7 on the next page. Although the

factor analysis did not group the subjective familiarity constructs together, for simplicity

reasons and because of the theoretical basis (see section 4.2.2), the scores on these constructs

(i.e. amount of information search during purchase, general information search and amount of
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use) are averaged to form a single mean subjective familiarity score for each knowledge
domain.

By using the mean score of the subjective expertise and familiarity constructs, both
convergent and discriminant validity can be discussed by investigating the correlations
between these constructs. According to Hair et al. (2006, p. 137), convergent validity assesses
the degree to which two measures of the same concept are correlated. Consequently, in this
study convergent validity can be assessed by evaluating the correlation between the subjective
expertise and familiarity measurements within the same product domain. Although these
constructs do not fully measure the same concept, research has shown that overall these
knowledge constructs overlap and are therefore significantly correlated (e.g. Carlson et al.,
2009; Cordell, 1997). Furthermore, discriminant validity refers to the degree to which two
conceptually similar concepts are distinct (Hair et al., 2006). In this context discriminant
validity can be assessed by investigating the correlations between similar consumer
knowledge constructs of the two different product domains.

Table 4.7 Descriptive statistics for the main questionnaire constructs

Construct Mean S.D. Scale range = Number of items
Subjective expertise televisions 2.58 1.22 1-5 5
Subjective familiarity televisions 2.65 0.95 1-5 8
Objective familiarity televisions 3.46 1.21 0-5 1
Subjective expertise computers 2.67 1.28 1-5 5
Subjective familiarity computers 2.89 1.25 1-5 9
Objective familiarity computers 3.49 1.67 0-5 1
Intention-to-use 3.27 1.03 1-5 7

Since normality tests indicate that none of these scores fit a normal distribution, Spearman’s
rho is used to measure construct correlations (Mendenhall & Sincich, 1994, p. 957; Siegel,
1957). An overview of the correlations of the consumer knowledge constructs for both
knowledge domains and the intention-to-use construct is shown in Table 4.8. From the results
shown in Table 4.8, several conclusions can be made with respect to the validity of the
consumer knowledge constructs. For the computer domain the subjective expertise and both
familiarity constructs correlate significantly which is an indication for the presence of
convergent validity. For example, similar research by Cordell (1997) on consumer knowledge
of photo cameras reported a correlation of r=0.50 between subjective expertise and familiarity.
However, for the TV domain can be seen that the results for convergent validity are mixed
because subjective expertise correlates significantly with subjective familiarity but not at all
with objective familiarity. In other words, the results of this study show that using a general
measurement of TV does not seem to relate to higher levels of perceived expertise on TVs or
higher levels of perceived familiarity with TVs.
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Table 4.8 Correlations (Spearman’s rho) of questionnaire constructs, N = 224

Subjective  Subjective = Subjective = Objective Objective Intention-
expertise familiarity familiarity familiarity familiarity to-use
computers televisions computers televisions computers

Subjective
expertise 0.619%*%* 0.443%* 0.471%%* -0.004 0.238** 0.456%**
televisions
Subjective
expertise 0.241%* 0.665%* -0.177%* 0.496%** 0.492%*
computers
Subjective
familiarity 0.524 % 0.243%*%* 0.149* 0.319%**
televisions
Subjective
familiarity -0.096 0.580%* 0.445%*
computers
Objective
familiarity -0.064 -0.009
televisions
Objective
familiarity 0.274%**
computers

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Next, the discriminant validity of both the subjective expertise and subjective familiarity
constructs is low based on the significant and often reasonably high correlation of these
measurements between the different product domains. It seems that, although the items
referred to distinctly different product domains, from a consumer perspective the perceived
level of expertise and perceived level of familiarity refer to a more abstract level of
confidence in using CE and a more abstract level of interest in CE respectively. The very low
and not significant correlation between the objective familiarity constructs of both product
domains demonstrates that these constructs have significant discriminant validity.

Besides the correlations between the consumer knowledge constructs, Table 4.8 also shows
the correlations of these constructs with the measurement of the intention to use multimedia
LCD TVs. From the final column of this table can be seen that, apart from objective
familiarity on TVs, higher levels of subjective expertise and familiarity on both product
domains relate to higher levels of the intention to use multimedia LCD TVs. In other words,
excluding survey respondent with low levels of subjective expertise and/or familiarity from
participation in the laboratory experiment could also result in bias towards higher knowledge
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respondents. Implications for the selection of participants for the experiment are further
discussed in Chapter 5.

Finally, the correlation between the consumer knowledge constructs and the moderating
variables is assessed. From the results shown in Table 4.9 can be seen that age negatively
correlates with all consumer knowledge constructs on the computer domain and subjective
expertise on TVs, but positively correlates with TV familiarity. Furthermore, there is a
positive correlation between male respondents and higher levels of subjective expertise and
familiarity. This confirms that both variables need to be taken into account when
investigating the effect of consumer knowledge on product usage behavior in the following

chapter.
Table 4.9 Correlations of age and gender with questionnaire constructs, N = 224
(calculated with Spearman’s Rho for age and Pearson’s correlation for gender)

Subjective  Subjective  Subjective  Subjective = Objective Objective Intention-
expertise expertise familiarity = familiarity familiarity familiarity to-use
televisions computers televisions computers televisions computers

Age -0.289%** -0.344%*%* 0.171* -0.108 0.225%* -0.220%* -0.215%*

Gender | 0.428%* 0.377*%* 0.331** 0.346%* 0.024 0.117 0.348**

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

4.3.4 Categorization of respondents

Based on the participants’ score on the consumer knowledge constructs, this section
investigates how and to what extent consumers can be segmented according to the following
four hypothesized segments defined by Saaksjarvi (2003) (as previously shown in Table 4.1):

e Technovators: high TV knowledge and high computer knowledge
e Supplemental experts: low TV knowledge and high computer knowledge
¢ Novices: low TV knowledge and low computer knowledge

e Core experts: high TV knowledge and low computer knowledge

To differ between high and low knowledge on a product domain, classification boundaries
need to be defined. Because it is commonly accepted in consumer knowledge research to use
a split on the mean score to differentiate between low and high knowledge (Soderlund, 2002;
Sujan, 1985), this study also uses the mean score to differentiate between low and high scores
on each consumer knowledge construct. Scatter plots of the resulting categorization of the
survey’s respondents on the mean scores (i.e. mean score of each respondent on the valid
items shown in Table 4.6) of subjective expertise and subjective familiarity are shown in
Figure 4.6 and Figure 4.7 respectively.
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For both figures it is important to note that, due to multiple occurrences of the same mean
scores, every circle in the graph represents one or more respondents. Since the objective
familiarity scale only consisted of one item, no meaningful scatter plot for this construct could
be made. An overview of the number of respondents per segment for each of the consumer
knowledge constructs is therefore shown in Table 4.10.

Table 4.10  Segmentation of survey respondents (in total number of respondents per
segment) on consumer knowledge constructs based on a split of the mean score

Computers

Subjective Subjective Objective

expertise familiarity familiarity

low high low high low high
2 £ E

2 £ high 28 74 S  high 32 89 & high 49 57
S| & E E
2 ° & &
> 4 L o
9 =] = >
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2 = low 93 29 2 low 69 34 2 low 49 69
S 2 =
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From both scatter plots and the table above can be concluded that, due to earlier discussed
reasonably high correlations between subjective expertise and subjective familiarity of the
core and supplemental knowledge domains, the resulting distribution of respondents among
the four segments of these knowledge constructs is unequal. For the objective familiarity
construct an approximately equal distribution can be observed. Although use of other
classification boundaries, such as the median score, could result in a slightly more equal
distribution of respondents among the segments, the possibilities to segment consumers based
on consumer knowledge domains, as well as subjectively measured consumer knowledge
constructs seem to be limited. Nevertheless, the predictive validity of this segmentation can
only be assessed when investigating the effect these different segments have on consumer
behavior. This will be further discussed in Chapter 5.

4.4 Conclusion and discussion

The aim of this chapter was threefold. The first aim was to select consumer knowledge
constructs that are expected to affect differences in product usage behavior of multimedia
LCD TVs. This effect will be investigated in a laboratory experiment discussed in Chapter 5.
Based on selected measurements of product usage behavior and on literature on consumer
knowledge measurements, subjective expertise and subjective and objective measurements of
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familiarity were selected. Figure 4.1 shows a conceptual framework of the relation between
the selected variables.

The second aim of this chapter was to investigate, develop and validate measurements of
subjective expertise and familiarity on the core (TV) and supplemental (computer) knowledge
domain of multimedia LCD TVs. Based on literature, subjective expertise (5 items) and
objective familiarity (1 item) were measured with validated scales. For subjective familiarity,
scales were developed to measure two identified lower level constructs: amount of
information search (consisting of the lower level constructs amount of information search
during purchase, during use and in general) and (perceived) amount of use. For each (sub)
scale three items were developed and pretested (see Appendix 4.1).

The data collected in the survey showed that, besides the subscale measuring amount of
information search during use (SearchUse) and one of the items of the amount of use scale for
the TV domain (UseTel_2), all the other (sub) scales were valid and reliable. Due to weak
validity both the information search during use scales for both product domains and the
second item of the amount of use scale for the TV domain (UseTel_2) were removed from the
subjective familiarity scale. When reflecting on the information search during use items a
possible explanation for the weak validity is that it seems that the items developed to measure
this construct do not fully reflect an amount in contrast to the other two information search
constructs.

The third aim of this chapter was to investigate how and to what extent consumers can be
differentiated on the selected consumer knowledge constructs. An interesting and surprising
result in this context is that, in contrast to related consumer knowledge research (e.g. Cordell
(1997)), objective familiarity of TVs does not correlate with subjective familiarity and
subjective expertise of TVs (for the computer domain the constructs do correlate as expected).
Although according to Schwarz et al. (2008, p. 27) the use of frequency scales could have
resulted in systematic response bias, this is not considered to be of major influence in this
study since the constructs for the computer domain do illustrate convergent validity.
Nevertheless, for following objective familiarity measurements an open response
measurement will be used to prevent this potential bias. A possible explanation for the
absence of a significant correlation between subjective familiarity and subjective expertise of
televisions could be that the use of TVs is commonly associated with watching TV programs,
which refers to a relatively passive interaction (i.e. besides the use of the remote control not
much interaction takes place when watching a TV program). Although the item measuring
objective familiarity with TVs referred to the use of TVs in general, the item did not
specifically refer to or measure different types of more active interaction such as
programming TV channels or changing the color settings. In contrast, for computers there is
no clear main function and usage can therefore refer to many different types of functions,
which could explain the positive correlation with subjective expertise.
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The results of the layered factor analyses also showed that, although the items measuring
subjective familiarity are valid and reliable, they do not reflect a unidimensional subjective
familiarity construct. Although due to simplification reasons the item scores were grouped
together to form a single subjective familiarity score, it is not known whether this was the best
way to treat the subjective familiarity constructs. Further research on the nature of these
familiarity constructs in different product domains is needed to be able to decide how to treat
the layered familiarity constructs. This is beyond the scope of this research project.
Nevertheless, the results do show that the selected and developed consumer knowledge
constructs to a large extent empirically hold and thus can be used to differentiate consumers.

The data collected in the survey showed mixed results for the validity of the use of core and
supplemental knowledge domains to differentiate consumers on knowledge of complex CE.
The results showed that both the subjective expertise and subjective familiarity scales are
significantly correlated which also resulted in an unequal distribution of consumers across the
four hypothesized consumer knowledge segments. As discussed in section 4.3.3, it seems that,
although the items referred to distinctly different product domains, from a consumer
perspective the perceived level of expertise and perceived level of familiarity refer to a more
abstract level of confidence in using CE and a more abstract level of interest in CE
respectively. For objective familiarity an approximately equal distribution was observed.
Consequently, the results of this study suggest that only objective measurements of consumer
knowledge can be used when differentiating consumers on multiple and related consumer
knowledge domains. Nevertheless, any segmentation based on a split on a scale measurement
is artificial and the predictive validity can only be assessed when investigating whether
differences in consumer knowledge on multiple knowledge domains also affect product usage
behavior.

Finally, it is important to note that the results of this study depend on the use of a convenience
sample and the assumption that the TV and computer domain represent the core and
supplemental domain of multimedia LCD TVs. Future research could investigate the effect of
using a different sample and different product domains on the classification of consumers in
the hypothesized consumer knowledge segments.
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S5 Evaluating the effect of subjective
expertise and objective familiarity on
product usage behavior

In Chapter 4 it was investigated how and to what extent consumers can be differentiated on
knowledge of the core (TV) and supplemental (computer) domain of multimedia LCD TVs.
Familiarity and subjective expertise measurements of both product domains were validated in
a survey. Based on the resulting categorization of consumers on these measurements, this
chapter investigates how both subjective expertise and objective familiarity differences affect
product usage behavior when consumers are asked to perform tasks with varying levels of
complexity in an experiment with a multimedia LCD TV.

This chapter is organized as follows. Section 5.1 further elaborates on the conceptual
framework of this study based on the results of the survey discussed in Chapter 4. Participant
selection criteria are defined and hypotheses for each of the dependent variables are
formulated. Subsequently, in section 5.2 the design of the experiment to test these hypotheses
is discussed. Section 5.3 reports on the results of this experiment, assessing both the effect of
subjective expertise and objective familiarity. Finally, this chapter concludes with a

discussion of the results and limitations of this study in section 5.4.

5.1 Conceptual framework and hypotheses

This section further discusses the conceptual framework for the investigation of the effect of
consumer knowledge on product usage behavior. Section 5.1.1 further elaborates on the goals
and overall design of this study in relation to the overall research framework developed in
Chapter 3. Subsequently, in section 5.1.2 an adjusted conceptual research framework and
hypotheses are presented.

5.1.1 Goals and overall design of the experiment

In the overall conceptual research framework shown in Chapter 3 in Figure 3.7, differences in
consumer knowledge are hypothesized to affect the fault-complaint propagation through
differences in product usage behavior and cognitive processing of subsequent interaction
problems. In this context, the specific goal of this chapter is to investigate how consumer
knowledge differences on the core and supplemental domain affect the propagation of faults
to potential interaction problems through differences in usage behavior. As stated in section
3.5, a quasi-experimental research approach is used which allows for non-random assignment
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of participants to groups. Before formulating hypotheses for this experiment, several specific
choices concerning the design of the experiment are discussed.

First of all, in contrast to the teletext experiment discussed in section 3.1, for this experiment
no deliberate (software) faults were implemented in the LCD TV because:

e For reasons of internal validity it is important to control for possible confounding
variables that would limit the interpretation of the results of a study (Goodwin, 2005, p.
165). Since deliberately introduced software faults (which have to have a certain level
of severity to be noticed by all participants) also possibly trigger cognitive
consumption processing (i.e. failure attribution and related variables discussed in
section 3.3.1), this factor needs to be controlled for when investigating differences in
usage behavior.

e Reproducing realistic and controllable software failures in DTV systems for usage in
real-life experiments is practically unfeasible because of the complexity of such
systems and their dependence upon input from the environment (DTV system experts
could only create reproducible and controllable failures in a DTV system when
completely simulating a DTV system and not allowing the participants to check or
even see cables because of this simulation). In contrast to the exploratory teletext
experiment where a CRT TV was used, the remainder of this dissertation focuses on
complex CE and DTV systems in particular. Any compromise on product appearance
due to technical reasons (e.g. simulating an LCD TV with a monitor) would seriously
threat ecological validity when evaluating usage behavior.

Instead of trying to implement specific software faults, task complexity is used as a proxy
measure for product development faults. This choice is based on input from experts and the
industrial partners in the project. Task complexity impacts both technological complexity of a
product and cognitive complexity for consumers.

The use of task complexity as a proxy measure for product development faults allows for a
more in-depth investigation of differences in usage behavior without possible confounding
factors due to deliberately introduced software faults. Although research on usability has
already demonstrated the significant effect of differences in familiarity on product usage
behavior for tasks with a varying level of complexity (e.g. see Ziefle (2002)), the goal of this
study is to further build upon these findings and contribute to research by: 1) investigating the
effect of different consumer knowledge constructs for multiple knowledge domains; and 2)
investigating qualitative and quantitative differences in usage patterns of different consumer
knowledge groups.

Secondly, due to the use of a quasi-experimental research design, not all consumer knowledge
constructs and control variables defined in section 4.1 can be taken into account in the
experiment. Although the selected constructs are correlated, participants with a low subjective
expertise on TVs do not necessarily have a low level of subjective or objective familiarity on
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TVs. It is therefore not feasible to take into account all constructs based on a split on the
mean value obtained from the survey data due to the resulting large inequalities in group
sample sizes, especially considering the fact that out of the 224 respondents only 60
participants had interest possibly participating in the experiment. Since research has shown
that the expertise based component of consumer knowledge is more directly related to
behavior than familiarity (Brucks, 1985; Cordell, 1997) and because the teletext experiment
already partially investigated the effect of familiarity, differentiation on subjective expertise
on both product domains was selected as the main selection criterion. To allow for a
comparison with the effect of objective familiarity on usage behavior, allocation to high and
low levels of this consumer knowledge construct was recalculated based on a split of the
mean score for the participants to the experiment only. However, this naturally also resulted
in a slightly different allocation and a small difference compared to the survey results for
which specific care must be taken when interpreting the results. Since subjective familiarity
measurements were not equally distributed, this construct will not be further taken into
account.

5.1.2 Adjusted framework and hypotheses

Based on the discussion on the design of the experiment above, the conceptual research
framework for this experiment is further narrowed down as shown in Figure 5.1. As discussed
above, subjective familiarity is not taken into account in further analyses and gender cannot
be used as a potential moderating variable due to the high correlation with the subjective
expertise measurements.

The results of the literature review on consumer knowledge discussed in section 3.2 indicated
that, in general, both familiarity and expertise positively affect the ability to perform product-
related tasks successfully. Since the subjective expertise measurements for both product
domains are strongly correlated and as a results only a very limited group of survey
participants could be classified as core or supplemental experts, for subjective expertise no
differentiation is made based on product domain. This results in the following hypotheses for
the general effect of consumer knowledge on product usage behavior:

Hypothesis Hy: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise

b) Objective familiarity of TVs

¢) Objective familiarity of computers
perform tasks more effectively than do consumers with lower levels of the same measures of
knowledge.
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Figure 5.1  Adjusted conceptual research framework to investigate the effect of consumer
knowledge on product usage behavior

Hypothesis H,: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise

b) Objective familiarity of TVs

¢) Objective familiarity of computers
perform tasks more efficiently than do consumers with lower levels of the same measure of
knowledge.

Based on the selection of efficiency measurements, this hypothesis will be subdivided into
four separate hypotheses in section 5.2.1.

As discussed above, because research has shown that the expertise based component of
consumer knowledge is more directly related to behavior than familiarity (Brucks, 1985;
Cordell, 1997), the following hypothesis is stated:

Hypothesis Hj: Differences in subjectively measured expertise stronger relate to differences
in product usage behavior than differences in objectively measured familiarity.
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Finally, although no differentiation in the hypotheses could be made for the effect of
subjective expertise due to the correlation between the measurements for both domains, such
a differentiation was made for the effect of objective familiarity. Research has shown that
simple repetition of tasks leads to increased performance (Alba & Hutchinson, 1987) and thus
can be hypothesized that for tasks related to LCD TVs differences in TV usage experience
stronger relate to differences in product usage behavior than differences in computer usage
experience. In other words:

Hypothesis Hy4: Differences in objective familiarity of TVs have a stronger effect on product
usage behavior than differences in objectively familiarity of computers.

5.2 Method

To test the hypotheses formulated in section 5.1.3, a 3 x 2 between-subjects experiment was
designed in which selected participants from both the high and low subjective expertise group
were asked to perform three different tasks, with a different level of complexity and
originating from both the TV and computer domain, on a multimedia LCD TV selected for
this experiment. This section describes the set-up of this experiment.

5.2.1 Experimental variables

The independent variables under study are subjective expertise and objective familiarity of the
TV and computer domain, and task complexity. Subjective expertise of both TVs and
computers was varied on two levels (high and low) based on a split on the mean value of
subjective expertise obtained from the results from the survey sample discussed in Chapter 4.
Similarly, objective familiarity of both product domains was varied on two levels (high and
low) based on a split on the mean value of objective familiarity from the subjects participating
in the experiment. The final independent variable was task complexity, which, derived from
Ziefle (2002), is defined as the complexity of the menu structure (i.e. number of menu levels
and number of distinctly different keys) a participant had to use to complete a task.

As discussed in section 4.1.2, as dependent variables the standard usability measurements of
effectiveness and efficiency were used (Hornbzk, 2006; ISO 9241-11, 1998), complemented
by qualitative measurements of the usage patterns. Finally, a measurement of satisfaction was
included because this variable is part of a standard usability measurement. However, this
variable does not relate to the core of the research model tested in this experiment. An
overview of all the variables and their parameters and measurements is shown in Table 5.1.
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Table 5.1 Overview of dependent variables and accompanying parameters and

measurements
Variable Parameter(s) Measurement(s)
Effectiveness | Task completion Dichotomous (completed / not completed)
Time Total time (in seconds) needed to complete a task
Steps Total number of steps in the menus needed to
. complete a task
Efficiency . ..
Levelup Total number of times a participant returns to a
higher level in the menu
Usage patterns Type and sequence of steps used to complete a task
Satisfaction on a seven-point Likert scale for:
. Ease of completing the task
. . ASQ (Lewis, 1991; S
Satisfaction ; Amount of time it took to complete the task
Lewis, 1995) i i )
e The support information (documentation,
messages etc.) when completing the task

Effectiveness was measured per task with a dichotomous item referring to the ability to
complete the task as specified in the task list. Furthermore, efficiency was quantitatively
measured by three parameters: task completion time (in seconds), number of steps in the
menu needed to complete the task and number of detour steps (number of returns to a higher
level in the menu). Qualitative measurements of efficiency were performed by recording the
type and sequence of steps used by participants to complete a certain task. Process mining
methods and tools (i.e. ProM) (Van der Aalst et al., 2007) will be used in section 5.3 to
identify and analyze the underlying usage patterns extracted from logged actions of the
participants. Satisfaction was measured per task by using the After Scenario Questionnaire
(ASQ) which addresses three aspects of satisfaction with system usability: ease of task
completion, time to complete a task and adequacy of the support information (Lewis, 1991;
Lewis, 1995).

Based on the selected measurements for efficiency, hypothesis 2 can be subdivided into the
following hypotheses:

Hypothesis H;,: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise

b) Objective familiarity of televisions

¢) Objective familiarity of computers
need less time to perform tasks than do consumers with lower levels of the same measure of
knowledge.
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Hypothesis H;;,: Consumers with higher levels of knowledge need, measured as follows:

a) Subjective expertise

b) Objective familiarity of televisions

¢) Objective familiarity of computers
need less steps to perform tasks than do consumers with lower levels of the same measure of
knowledge.

Hypothesis H;.: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise

b) Objective familiarity of televisions

¢) Objective familiarity of computers
make less detour steps than do consumers with lower levels of the same measure of
knowledge.

Hypothesis H,q: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise

b) Objective familiarity of televisions

¢) Objective familiarity of computers
conform more to the ideal usage pattern than do consumers with lower levels of the same
measure of knowledge.

5.2.2 Experimental tasks

All participants were asked to solve three different tasks, each concerning a different
functionality of the LCD TV with a different level of complexity. The tasks were selected as
such that they covered the more innovative functionalities of a multimedia LCD TV and that
they covered both the core and the supplemental knowledge domains for this type of product
(i.e. TV and computer domain related tasks). The following tasks were selected for the
experiment:

e Dual screen task: simultaneously displaying two specified TV channels on the TV
screen.

e Digital picture task: displaying digital pictures, which are stored on a USB stick, on
the TV screen.

e Channel switch task: changing the number under which a certain TV channel is stored.

An overview of the task complexity for each of these tasks is shown in Table 5.2.

Table 5.2 Overview of task complexity

Minimum number of menus Minimum number of steps

Dual screen 1 4
Digital picture 2 5
Channel switch 3 7
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From this table can be seen that the dual screen task is the least complex task and that the
switch channel task is the most complex task.

5.2.3 Participants

Out of the 60 survey respondents who indicated that they were willing to take part in the
experiment, 29 people (19 male and 10 female, all native Dutch) participated in the
experiment"”. Although this sample size is relatively small, the use of multiple tasks per
participant resulted in an acceptable overall sample size that sufficiently meets the
requirements for the statistical analyses of the results. All participants received a €20 gift
coupon and reimbursement of travel expenditures as compensation for their time and effort.

Based on their mean score on subjective expertise of TVs, the participants were split into a
high and low subjective expertise group. Out of the 29 participants, 14 were categorized as
high on subjective expertise of TVs (all male) and 15 were categorized as low on subjective
expertise of TVs (5 males). The characteristics of both groups based on this differentiation are
shown in Table 5.3. An overview of the characteristics based on a similar (due to the
correlation of the subjective expertise measurements) although slightly different
differentiation on subjective expertise of computers is shown in Appendix 5.4. Please note
that due to the quasi-experimental design and the correlation between subjective expertise and
gender this resulted in an unequal distribution of males and females among the groups.

Table 5.3 Overview of participant characteristics based on differentiation on subjective
expertise of TVs

High SubExTel (n = 14) Low SubExTel (n = 15)

mean  S.D. range mean  S.D. range

Age 37.86  12.46 22 -59 48.87 14.90 24 - 67
Intention-to-use 4.48 0.37 3.86 —5.00 3.22 1.07 1.00-4.86
Subjective expertise TVs 4.11 0.90 2.60 -5.00 1.81 044 1.00-2.40

Subjective familiarity TVs 3.23 0.93 0.75-4.38 2.62 094 0.75-3.88
Objective familiarity TVs 343 1.34 1.00 -5.00 3.80 .15 2.00-5.00

Subjective expertise 4.40 0.73 2.40-5.00 1.97 0.56 1.00-2.80
computers
Subjective familiarity 3.97 0.92 2.00 - 5.00 2.46 1.08 0.33-3.56
computers
Objective familiarity 4.50 1.29 1.00 - 5.00 3.53 1.60  0.00-5.00
computers

' Half of the survey respondents who indicated interest in participating in the experiment were eventually not
included (1) due to travel distance to the consumer test facility or other practical reasons; and (2) because
respondents who scored low on consumer knowledge were also less willing to participate in the experiment
while approximately equal sample sizes were required for statistical analyses.
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Separate pair wise Mann-Whitney U tests showed significant differences between the two
subjective expertise groups for subjective expertise of TVs (p < 0.001), subjective expertise of
computers (p < 0.001) and subjective familiarity with computers (p < 0.001). These results
confirm that differences on subjective expertise between the two experimental groups are
significant and thus can be used for further analysis. Although there is also a significant
difference for subjective familiarity with computers, the confounding effect of these
differences is limited since the survey results have shown that these constructs are correlated
and theoretically they are both part of the same overall consumer knowledge construct.

Because a quasi-experimental research methodology is used, it is important to test for the
presence of possibly confounding factors embedded in the two subjective expertise groups.
Separate pair wise Mann-Whitney U tests showed significant differences between the two
groups for intention-to-use (p < 0.001) and age (p < 0.05). The potential confounding effect of
age is countered for taking this variable into account as a covariate in the statistical analysis
(Hair et al., 2006, p. 406). However, because a significant difference for the intention-to-use
measurement exists between the two groups and because differences in product acceptance
potentially affect usage behavior (as discussed in section 4.1.4), the potential confounding
effect needs to be evaluated separately.

5.2.4 Apparatus and materials

The experiment was performed in a consumer test facility on the university campus. This
laboratory consists of two rooms, one which resembles a living room in which the test
participant performed the test and the other in which the test participant could be observed by
the researcher through a one-way mirror. A snapshot of the set-up in the simulated living
room 1s shown in Figure 5.1.

Figure 5.1  Picture of the set-up of the LCD TV in the consumer test facility
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For the experiment a 42 HD ready multimedia LCD TV was used with relatively new TV
features such as a USB port to display multimedia (e.g. pictures, videos) on the TV screen,
support of a wireless connection to a PC and HDMI connectors. At the moment of conducting
the experiment (April 2007), this product was only recently introduced on the market. The
basic installation settings such as TV channel installation, location and time were already set
and these were reset before the start of each experiment. For each experiment the product
information sheet, manual, remote control and a USB stick containing several digital pictures
were provided.

Each experiment was recorded with two cameras, a non-obtrusive camera mounted on the
ceiling to capture the screen of the LCD TV and a camera on a tripod that was used to capture
the test participant. Participants were asked to think-aloud during the experiment. For each
experiment, two observers were present: one behind the one-way mirror to observe and record
the experiment and one in the living room to record the participant’s comments.

5.2.5 Procedure

At the beginning of the experiment the participants were instructed that the goal of the
experiment was to evaluate the ease-of-use of the LCD TV. Furthermore, the participants
were provided with basic information on the LCD TV (e.g. price, time of market introduction,
innovative functionalities) and the participants were instructed that the initial installation was
already completed. Subsequently, each participant was asked to read a one page introduction
to the experiment (see Appendix 5.1) before starting with the tasks. Each task was explained
on a separate page and the participants were asked to complete a task before proceeding with
the next one. After each task, the participants were asked to fill in a short questionnaire
containing the ASQ items and two control items on previous experience with similar tasks.
The task list and task questionnaire (in Dutch) are shown in Appendix 5.2 and 5.3 respectively.
The ordering of tasks was randomized to counteract possible learning effects. An overview of
the complete experimental procedure is shown in Figure 5.2.

Introduction to . .
. Read introduction
experiment (by to experiment
researcher)

Read and perform Fill in task 1
task 1 questionnaire

Fill in task 2
questionnaire

Read and perform
task 2

Read and perform Fill in task 3
task 3 questionnaire

I
T

A

Debriefing (by
researcher)

Figure 5.2  Overview of experimental procedure
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For those participants who were not able to complete the task because they either decided to
quit and/or after a long time could not find the appropriate function, efficiency measurements
were excluded from the analysis because these could not be compared with the results of the
participants who did complete the task. For the participants who did reach a perceived end of
the task but did not fulfill the task completion requirements (e.g. programming the channel to
a wrong number) efficiency measurements were included (i.e. they did reflect actual usage)
but effectiveness was coded as “did not complete the task™.

The video data of each experiment was analyzed by logging events and time stamps using
Noldus Observer XT software (Noldus). Based on these data, the basic efficiency
measurements were calculated. Subsequently, ProMimport (Giinther & Van der Aalst, 2006)
was used to convert log files for the process mining analysis in ProM (Van der Aalst et al.,
2007). Finally, statistical analyses were performed with SPSS.

The experimental set-up, procedure, measurements and task questionnaire were pre-tested in a
pilot experiment with three participants recruited from the group of survey respondents who
indicated to be willing to participate in the experiment.

5.3 Results

In this section the results of the experiment are discussed. First, in section 5.3.1 the set-up of
the statistical analyses and the analyses of the usage patterns with ProM are discussed.
Subsequently, section 5.3.2 discusses the evaluation of the overall effect of the consumer
knowledge constructs on the dependent variables. Finally, in sections 5.3.3 — 5.3.5 the results
are discussed for each task separately.

5.3.1 Set-up of analyses

Statistical analyses

To investigate the main effect of subjective expertise of TVs and computers on product usage
behavior, Multivariate Analysis of Variance (MANOVA) is used. According to Hair et al.
(2006, p. 383), MANOVA is a dependence technique that measures the differences for two or
more metric dependent variables based on a set of categorical (nonmetric) independent
variables (Hair et al., 2006, p. 383). Because the effect of independent variables can be
assessed for multiple dependent variables simultaneously, MANOVA allows for control of
experiment wide Type I error rate (Hair et al., 2006, p. 400) (as opposed to separate ANOVA
analyses).

For this experiment multiple separate MANOVAs (for each consumer knowledge construct
separately) with a 2 (high and low subjective expertise) x 3 (task complexity) factorial design
are used in which the efficiency measures time, steps and levelup are included as metric
dependent variables. As such, subjective expertise is treated as a between-subjects factor and
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task complexity is treated as a within-subjects factor. To control for the effect of age, this
variable is initially included as a covariate. Results of the assumptions check for the
MANOVA analysis showed that the data (after variable transformation) sufficiently meet the
criteria for performing this analysis. Furthermore, results of a factor and scale reliability
analysis show that the ASQ scale to measure satisfaction meets all the criteria for further
statistical analysis.

The effect of subjective expertise on the remaining, nonmetric, dependent variables (i.e.
satisfaction and task completion) is investigated by using nonparametric separate pair-wise
Mann-Whitney U tests. For both the MANOVA and the nonparametric tests the level of
significance is set at p = 0.05. Results within the less restrictive level of p = 0.1 are indicated
as marginally significant. Finally, for the MANOVA analyses the significance of the omnibus
F-tests were taken from the Pillai values.

ProM analyses
In section 5.2.1 it was discussed that, in addition to standard efficiency measurement, process
mining (by using the ProM software) is used to investigate the underlying usage patterns. As
discussed by Van der Aalst et al. (2007), the goal of process mining is to discover, monitor
and improve real processes (i.e. occurring in reality) by extracting knowledge from event logs.
In these event logs occurrence of activities in a process are recorded. While process mining
techniques were originally developed for analyses of business processes for the development
of information systems (Van der Aalst et al., 2007), they could also be useful for analysis of
usage patterns in CE. Process mining can be used to (Van der Aalst et al., 2007):
¢ Discover new models (e.g. constructing a model that reproduces observed behavior).
e Check the conformance of a model by checking whether the modeled behavior
matches the observed behavior in reality.
e Extend an existing model by projecting information from the event logs onto an initial
model.

For this experiment both constructing usage pattern models for different levels of subjective
expertise and analyzing conformance of usage patterns with the designed ideal usage patterns
are of interest. For model discovery several analyses are used:

e Dotted chart analysis (Song & Van der Aalst, 2007): this analysis visualizes the spread

of and time between the activities recorded in an event log for each participant.
e Performance sequence diagram analysis (Hornix, 2007): this analysis helps to identify

common and rare usage patterns and extreme usage patterns leading to bad task
performance.

e Control flow discovery methods (Weijters and Van der Aalst, 2003): by using a so-

called heuristic miner differences between high and low levels of subjective expertise
can be investigated by creating and subsequently comparing heuristic nets for both
groups which visualize common steps taken and for example indicate common
“loops” when a participant made a mistake in executing the task.
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For conformance analysis log coverage and model fitness measurements are calculated
(Rozinat & Van der Aalst, 2008) based upon a comparison of actual usage patterns with
“designed” usage patterns deducted from the UI design and the manual (i.e. ideal sequence of
steps to perform a task). In this context log coverage refers to a measurement of the match
between events in the event log and events specified in the designed usage model (Rozinat &
Van der Aalst, 2008). The more often events are logged which do not occur in the designed
usage model, the more inefficient a usage pattern probably is. Finally, the measurement of
fitness refers to the extent to which the log traces can be associated with valid execution paths
specified by the designed usage model (Rozinat & Van der Aalst, 2008). Since both the dotted
chart analysis and the conformance analysis refer to a comparison of overall task efficiency,
these are discussed in section 5.3.2. The performance sequence diagram analysis and control
flow discovery are performed for each task separately and are discussed in sections 5.3.3 —
5.3.5.

5.3.2 Evaluation of overall effect of consumer knowledge

In this section, the overall effect of consumer knowledge on the usage behavior measurements
is discussed as well as the results for the evaluation of control variables (effect of task
complexity and age) and possible confounding factors (effect of intention-to-use).

Evaluation of confounding effect of intention-to-use

A post-hoc analysis of the potential confounding effect of intention-to-use on usage behavior
(using the same factorial design with a split on the mean value of intention-to-use of the
survey respondents) did not show a significant effect on the efficiency measurements (F (3, 66)
= 1.581, p < 0.3). Separate pair-wise Mann Whitney U tests confirmed intention-to-use also
did not significantly affect both effectiveness and satisfaction. Consequently, it can be
concluded that the potential confounding effect of intention-to-use in this experiment was at
least limited. Nevertheless, since the survey results discussed in Chapter 4 have shown that
this construct is correlated with consumer knowledge, care must be taken when assessing the
results of quasi-experimental research.

Effect of subjective expertise and task complexity on efficiency measurements

First of all, the effect of subjective expertise of TVs (F (3, 66) = 7.773, p < 0.001) and
subjective expertise of computers (F (3, 66) = 9.591, p < 0.001) on the standard efficiency
measurements proved to be highly significant. Since adding age as a covariate in the model
did not improve both significance and power of the effect of subjective expertise of TVs (F (3,
65) =5.310, p < 0.01) and subjective expertise of computers (F (3, 65) =5.119, p < 0.01), this
variable is removed as a covariate from further analyses (Hair et al., 2006, p. 419). Details of
all analyses are shown in separate tables in Appendix 5.5.

Secondly, the highly significant effect of task complexity when using both subjective
expertise of TVs (F (6, 134) = 5.080, p < 0.001) and subjective expertise of computers as an
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independent variable (F (6, 134) = 4.678, p < 0.001), confirmed a successful design of the
experiment. Further univariate tests for the model using subjective expertise of TVs as
independent variables confirmed that task complexity had a significant effect on time

(F (2,74)=3.597, p < 0.05), levelup (F (2, 74) =9.792, p < 0.001) and number of steps (F (2,
74) = 16.969, p < 0.001). In other words, overall the least complex task (dual screen) took
significantly less time, steps and detour steps to complete than the most complex task (switch
channel).

Next, both the subjective expertise of TVs model (F (6, 134) = 1.380, p < 0.3) and the
subjective expertise of computers model (F (6, 134) = 0.846, p < 0.6) showed that the
interaction effect of subjective expertise and task complexity is not significant. Although for
the individual measurements the results are not always consistent in accordance with the level
of task complexity (as will be discussed next), these results show that for the efficiency
measurements the effect of subjective expertise on product usage behavior is not weakened by
increasing levels of task complexity.

Since both subjective expertise constructs were highly correlated and the results of the
analyses above confirmed that there is an almost equally significant observed effect for both
the models tested, in the following only the effect of subjective expertise of TVs on the
efficiency measurements is discussed. From this discussion analogies can be drawn for the
effect of subjective expertise of computers. Results of univariate tests for the effect of
subjective expertise of TVs on the efficiency measurements showed a significant effect on
time to complete a task (F (1, 74) = 18.285, p < 0.001) and a marginal significant effect on
levelup (F (1, 74) = 3.304, p < 0.1). However, no significant effect on the number of steps

(F (1, 74) = 1.903, p < 0.2) was observed. Consequently, hypotheses H,, and Hj. can be
accepted for subjective expertise while H,, needs to be rejected.

Interaction plots of the three (transformed) efficiency measurements are shown in Figure 5.4 —
5.6'°. From these plots can be seen that there is no interaction for both the dual screen and the
switch channel task and the efficiency measurements decrease equally with an increase in
both subjective expertise and task complexity.

'® Please note that because the scores of the dependent variables had to be transformed to meet the requirements
for the statistical analysis, only these transformed variables can be used in the interaction plots to allow for a
proper interpretation of the analyzed interaction effects.
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Figure 5.6  Interaction plot of subjective expertise on TVs and task complexity for
the levelup measurement

However, the interaction plots clearly show an interaction when looking at the results of the
digital picture task. Although this interaction is disordinal, it is not significant and therefore
does not negatively influence the interpretation of the main effect of subjective expertise (Hair
et al., 2006, p. 420). It does indicate that the results of this task are not consistent with the
hypotheses and need to be further investigated in the following sections.

Finally, a dotted chart analysis and conformance analysis were used to further investigate
overall differences in usage patterns. The results of the dotted chart analysis are shown in
Figures 5.7 and 5.8 on the next page. Please note that the purpose of showing both graphs is
only to show the number of and spread of events (each dot in the graph represents one event
such as an action performed by a participant) for all the tasks combined and that it is not the
purpose to analyze each event separately. The analysis indicates two differences between the
subjective expertise groups that support the findings stated for the other efficiency
measurements:

e A larger number of logged events for the low subjective expertise group, which
indicates that this group used more and different steps to execute a task.

e A larger spread of logged events (i.e. space between the events) across time, which is
an indicator for more experienced problems between separate events (e.g. looking for
support information in the manual or thinking about which button on the remote
control should be used to access a certain function).
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Figure 5.7  Dotted chart analysis of low subjective expertise on TVs group (the vertical
axis displays different participants while the horizontal axis displays the
participants’ actions over time)

Figure 5.8  Dotted chart analysis of high subjective expertise of TVs group (the vertical
axis displays different participants while the horizontal axis displays the
participants’ actions over time)

101



For the conformance analysis the designed usage models were created by using the extended
product manual and subsequently modeling the process with Petri nets by using Yasper
(Yasper, 2009). The designed usage models are shown in Appendix 5.6. When comparing
these models with the event logs, the results of the conformance analysis shown in Table 5.4
also support the significant effect of both task complexity and subjective expertise on the
standard efficiency measurements. In case of task complexity, the measurements show a
decrease in log coverage and level of fitness for increasing levels of task complexity. The
results for the log coverage analysis show that the designed usage model covers fewer events
than actually occurred when analyzing the usage patterns for the low subjective expertise
group for both the dual screen and switch channel task compared the usage patterns for the
high subjective expertise group. For example, the designed usage model covers less than 50%
of the events logged when analyzing the usage patterns of the low subjective expertise group
for the switch channel task. As such this is an indication for inefficient usage patterns or a bad
conceptual model of the product’s designer on how consumers perform these tasks.
Furthermore, the results of the level of fitness measurement show that, for the participants in
low subjective expertise group, a slightly lower proportion of log traces fitted into the
designed usage model as well (i.e. was a step also specified in the designed usage model)
relative to the current position of the process (i.e. the position in the designed usage model is
based on past steps). The results shown in Table 5.4 also confirm that for the digital picture
task the differences between the subjective expertise groups are in the other direction than
hypothesized in section 5.3.1. Consequently, only for the dual screen and switch channel task
hypothesis Hyq can be accepted and further analysis of the usage patterns is needed for each
task separately to draw further conclusions on this hypothesis. These separate analyses are
discussed in the following sections.

Table 5.4 Overview of overall log coverage and level of fitness measurements for
differentiation on subjective expertise

Log coverage Level of fitness
Task High subjective Low subjective High subjective  Low subjective
expertise TVs expertise TVs expertise TVs expertise TVs
Dual screen 0.667 0.543 0.972 0.951
Digital picture 0.662 0.813 0.940 0.956
Switch channel 0.529 0.498 0.887 0.787

Effect of subjective expertise and task complexity on effectiveness

An overview of the results of the measurement of task completion is shown in Figure 5.9.
From this figure, by comparing the average task completion measurements for each task can
be seen that the digital picture task had the highest task completion ratio followed by the dual
screen task and the switch channel task. One-way Kruskal-Wallis tests confirmed that there is
no significant overall effect of task complexity on effectiveness ()(2 (2) =4.663,p<0.1). In
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other words, although the digital picture task, by design, required more menus and steps to
complete, the task was on average completed more often than the dual screen task. This
corresponds with the results of the efficiency measurements discussed above.
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Figure 5.9  Overview of effectiveness measures when differentiating on subjective
expertise of TVs

Next, a separate pair-wise Mann-Whitney U test showed a significant overall effect of
subjective expertise of TVs on task completion (p < 0.001), which supports hypothesis H;.
For all the tasks a higher percentage of subjects of the high subjective expertise group were
able to complete the task than subjects of the low subjective expertise group. Specific
subjective expertise differences for each separate task are discussed in the following sections.

Effect of subjective expertise and task complexity on satisfaction

An overview of differences in satisfaction between the tasks and the subjective expertise
groups is shown in Figure 5.10. One-way Kruskal-Wallis tests showed no significant effect of
task complexity on satisfaction (x> (2) = 2.887, p < 0.3) and a separate pair-wise Mann-
Whitney U test showed only a marginal significant effect of subjective expertise on
satisfaction (p < 0.1). For almost all the tasks and separate groups the satisfaction scores are
above the average of the scale (i.e. above four), which indicates a modest level of satisfaction
with the usability of the LCD TV. Since no significant differences could be observed, no
further analyses for this variable are discussed.
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Figure 5.10 Overview of average level of satisfaction when differentiating on subjective
expertise of TVs

Overall effect of objective familiarity

To test the final hypothesis on expected differences between objective familiarity and
subjective expertise as predictors of product usage behavior, separate analyses of the effect of
objective familiarity (on both the core and supplemental domain) on usage behavior are
performed. The MANOVA test of a model with task complexity and objective familiarity of
TVs (two groups based on a split on the mean value across all the test participants) as an
independent variable did not show an overall significant effect of objective familiarity of TVs
on the efficiency measures (F (3, 66) = 0.880, p < 0.5). A separate pair-wise Mann-Whitney U
test indicated that there was only a marginally significant effect of objective familiarity of
TVs on effectiveness (p < 0.1). Finally, no significant differences between separate tasks
could be observed.

However, a second MANOVA test of a model with objective familiarity of computers and
task complexity as independent variables did show a significant overall effect of objective
familiarity with computers on the efficiency measures (F (3, 66) = 2.960, p < 0.05) and also of
task complexity (F (6, 134) = 4.268, p < 0.005). Subsequent univariate tests indicated that
differentiation of objective familiarity of computers only had a significant effect on time (F (1,
74) = 5.692, p < 0.05) and not on the number of steps (F (1, 74) = 0.207, p < 0.7) and number
of detour steps (F (1, 74) = 0.000, p < 1.0). Furthermore, a separate pair-wise Mann-Whitney
U test showed that there was no significant overall effect of objective familiarity of computers
on effectiveness (p < 0.2) and also no significant differences between separate tasks could be
observed.

Based on these results can be concluded that H; can be accepted because the results for
subjective expertise demonstrated a stronger impact on product usage behavior than the
results for objective familiarity. Furthermore, H4 needs to be rejected because differences in
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objective familiarity of TVs have no impact on product usage behavior while the impact of
objective familiarity of computers was significant.

5.3.3 Dual screen task

In this section, the specific results and observations for the dual screen task are discussed. An
overview of the descriptive statistics of the dependent variables for this task is shown in Table
5.5. Results of separate pair-wise Mann-Whitney U tests showed significant differences
between high and low levels of subjective expertise for effectiveness (p < 0.05) and time

(p < 0.05), and marginally significant differences for steps (p < 0.1), levelup (p < 0.1) and
satisfaction (p < 0.1). As was shown in Figure 5.9, in terms of effectiveness all the
participants with high subjective expertise were able to complete the task while for the low
subjective expertise group only just over half the participants completed the task. For
subjective expertise on computers similar significant differences were observed while for
objective familiarity no significant differences were observed.

Table 5.5 Descriptive statistics of the dependent variables for the dual screen task

High subjective expertise on Low subjective expertise on
televisions televisions

Mean S.D. Range Mean S.D. Range
Time 15407 153127 51-601 | 35508 242928  51-715
[seconds]

t

Steps 6.36 4308  4-18 12.25 11.663 4_45
[total number]
Levelup 0.71 1.490 0—4 2.58 4.078 0-14
[total number]
Satisfaction 5.86 1.300 57 422 2.285 1-7
[scale average]

The results are further supported by the mined heuristic models and the performance sequence
diagram analysis of ProM. In Figure 5.11 on the following page, the mined models for this
task (based on the event logs) for respectively the high and low subjective expertise groups
are shown. Please note that the purpose of showing these models is to visualize differences
between the subjective expertise groups in terms of how many events took place, in which
sequence events took place and which loops (return to previous state) occurred. When both
models are visually compared can be seen that more different events and more inefficient
loops were logged for the low subjective expertise group. As a main cause was observed that
many participants from the low subjective expertise group started the task by looking for the
dual screen functionality in the TV menu while a separate remote control button could be used
to access this function directly.
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Figure 5.11 Mined heuristic models of dual screen task for the high subjective expertise
group (left) and the low subjective expertise group (right)

Although the functionality could be accessed in a lower level in the TV menu, the
functionality could not be found and/or the manual was unclear on where to locate the
function. Furthermore, at the moment the functionality was found, many participants from the
low subjective expertise group had difficulty finding out how to switch between the left and
right part of the dual screen to change both channels.

The results are also reflected in the performance sequence diagram analysis shown in Figure
5.12 on the next page. The X-axis of this diagram shows the states or functions which were
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visited by the participants and the Y-axis shows the time spent in each state (please note that
only sequences from completed tasks could be included in the analysis). The diagram groups
similar patterns of sequential steps together and thus only patterns that occurred more than
once have been included in the diagram. An overview of the statistics for the three patterns
found is shown in Table 5.6.

Table 5.6 Performance sequence diagram statistics for the dual screen task

Pattern 0 Pattern 1 Pattern 2
Average throughput time (s) 164.07 69.32 126.86
Minimum throughput time (s) 54.20 52.33 53.24
Maximum throughput time (s) 438.43 105.36 200.48
S.D. throughput time (s) 150.18 22.56 104.11
Frequency 7 5 2

In the diagram can be seen that both in “pattern 0" and in “pattern 2” (with most participants
of the low subjective expertise group) a large amount of time was spent in “start task” and
“dual screen mode” due to a lack of understanding of the functionality and looking for more
information on how to use this function in the manual or on the remote control. For the
participants with a low level of subjective expertise both the design of the Ul of the LCD TV
and the information in the manual did not provide enough support to complete the task.
“Pattern 17 contains participants from the high subjective expertise group and displays a
reasonable efficient pattern. Consequently, all the results combined show that the dual screen
task participants from the low subjective expertise group were significantly less effective and
efficient on all the measurements compared to the participants from the high subjective
expertise group.
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5.3.4 Digital picture task

In contrast to the dual screen task, for the digital picture task separate pair-wise Mann-
Whitney U tests did not show any significant differences between high and low subjective
expertise of TVs for all of the dependent variables. An overview of the descriptive statistics
for the dependent variables based on this differentiation is shown in Table 5.7. However,
additional analyses for the effect of differentiation on subjective expertise of computers and
objective familiarity on both knowledge domains did result in a significant difference on time
(p < 0.05) when differentiating on subjective expertise of computers and a marginally
significant different on time (p < 0.1) when differentiating on objective familiarity of
computers. In other words, for this task, which originates from the computer domain, the
knowledge on this supplemental domain has a stronger (albeit small) effect on efficiency than
knowledge on the core domain.

Table 5.7 Descriptive statistics of the dependent variables for the digital picture task

High subjective expertise on Low subjective expertise on
televisions televisions
Mean S.D. Range Mean S.D. Range
Ti
me 206.14 144014 65-476 | 28847 145899 83— 561
[seconds]
t
Steps 11.64 7344 4-34 9.00 5.490 4-21
[total number]
Levelup 171 1.204 0—4 1.07 0.961 0-3
[total number]
tisfacti
Satisfaction 5.26 1.508 1-7 5.09 1.740 5.7
[scale average]

The mined models using the heuristic miner and the results of the performance sequence
diagram analysis for this task are shown in Appendix 5.7 and Appendix 5.8 respectively.
Similar to the dual screen task, for this task, one of the identified reoccurring performance
sequences, for mostly the low subjective expertise group, is in which the task starts with a
long time spent in the “start task” state where participants read the manual to try to understand
how to perform this task. However, in contrast to the dual screen task, the mined models did
not show a larger number of loops and deviant states for the low subjective expertise group.
Two possible explanations could be found for this (unexpected) lack of significant differences:
e The design of the experiment was such that a USB stick was already provided at the
start of the task. This could have affected the efficiency measurements positively for
the low subjective expertise group because the first step (“identifying” a USB stick)

was already “completed” before the start of the task.
¢ The multimedia browser in which the externally connected multimedia devices were
displayed on the UI of the LCD TV showed two different USB sticks and did not

109



highlight which port was used by the USB stick with the photos. Several participants
from the high subjective expertise group first investigated the content of both to see
which one should be used to complete the task while participants from the low
subjective expertise group either randomly selected a USB port or followed the
manual step by step.

5.3.5 Switch channel task

The descriptive statistics of the dependent variables for the switch channel task are shown in
Table 5.8. Results of separate pair-wise Mann-Whitney U tests showed significant differences
between high and low levels of subjective expertise for effectiveness (p < 0.05) and time (p <
0.05), but no significant differences for steps (p < 0.3), levelup (p < 0.3) and satisfaction (p <
0.2). As was shown in Figure 5.9, in terms of effectiveness 78.8% of the participants with
high subjective expertise were able to complete the task while for the low subjective expertise
group only one third of the participants completed the task. For subjective expertise on
computers similar significant differences were observed while for objective familiarity (of
both the TV and computer domain) no significant differences were observed.

Table 5.8 Descriptive statistics of the dependent variables for the switch channel task

High subjective expertise on Low subjective expertise on
televisions televisions

Mean S.D. Range Mean S.D. Range
Time 237.00  153.127 51-601 | 533.13 284258 163903
[seconds]
Steps 2018 13220 7-49 | 2875 18.109 7-68
[total number]
Level

evelup 3.82 3970 0-12 6.75 4.862 0-16

[total number]
Satisfaction 5.61 1223 57 4.64 2.015 57
[scale average]

The mined models using the heuristic miner and the results of the performance sequence
diagram analysis for this task are shown in Appendix 5.7 and Appendix 5.8 respectively. First
of all, for this most complex task of the three tasks, the results of the performance sequence
analysis only showed one sequence with multiple occurrences (n = 3) indicating that for both
subjective expertise groups many different sequences of steps were used which could not be
grouped together. Although both mined models show loops and not many other differences
between the models could be observed, further analysis of the results indicates that

participants from the low subjective expertise group:
e Had more difficulty finding the functionality to switch channels (due to the many
layers in the menu) and more often started to reprogram the channel manually (which
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could have resulted in the same requested end result for this task but was far more
complex to use).

e Had more difficulty to use the remote control to select and subsequently switch
channels.

Finally, a usability problem emerging from the analysis is that most of the participants
experienced some difficulty in understanding the TV menu for this function because they had
difficulty to understand the Dutch translation of the word for “rearrange channels” (i.e.
translated as “zenders herschikken’) in the menu.

5.4 Conclusion and discussion

This section concludes this chapter and discusses the results of the study and its implications.
First, section 5.4.1 gives an overview of the results and discusses the hypotheses.
Subsequently, section 5.4.2 discusses how the results impact the value of selecting consumers
for product tests based on their level of product familiarity. In section 5.4.3 several
implications of consumer knowledge differences for product design are discussed. Finally, in
section 5.4.4 limitations of the study and implications for further research are discussed.

5.4.1 Overview of the results

This study investigated how both subjective expertise and objective familiarity differences on
the core and supplemental knowledge domain of a multimedia LCD TV affect product usage
behavior for tasks with varying level of complexity. These differences were evaluated in a
laboratory experiment with 29 participants recruited from the respondents of the survey
discussed in Chapter 4.

The results demonstrated that overall the design of the experiment was successful: task
complexity differences were reflected in differences in effectiveness and efficiency and
separate analyses of differences in intention-to-use showed no significant effect of this
potentially confounding variable. The potentially moderating effect of age was also evaluated
but did not improve the explanatory power of the statistical analysis. An overview of the
hypotheses tested in this study is shown in Table 5.9. From this table can be seen that most of
the defined hypotheses on the effect of subjective expertise on effectiveness and efficiency are
confirmed. Overall, the positive effect of subjective expertise on the ability to complete tasks
is supported. Similarly, participants with a high level of subjective expertise were overall
found to complete tasks in less time, with a fewer number of detour steps and with usage
patterns which conformed more to the designed usage model in comparison with participants
with a low level of subjective expertise. Hypothesis Hj, concerning differences in the number
of steps needed to complete a task was not supported. Furthermore, in contrast to Ziefle (2002)
no significant interaction effects between task complexity and consumer knowledge were
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observed. In other words, the effect of consumer knowledge was equal across different levels
of task complexity.

Table 5.9 Overview of results of hypotheses testing in Chapter 5

Hypothesis Result
H;: Consumers with higher levels of knowledge, measured as follows:
a) Subjective expertise a) Accepted
b) Objective familiarity of TVs b) Rejected
c) Objective familiarity of computers ) Rejected

perform tasks more effectively than do consumers with lower levels of the
same measure of knowledge
H,,: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise a) Accepted
b) Objective familiarity of TVs b) Rejected
c) Objective familiarity of computers ¢) Accepted

need less time to perform tasks than do consumers with lower levels of the
same measure of knowledge
Hay: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise a) Rejected
b) Objective familiarity of TVs b) Rejected
c) Objective familiarity of computers ¢) Rejected

need less steps to perform tasks than do consumers with lower levels of the
same measure of knowledge
H,.: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise a) Accepted
b) Objective familiarity of TVs b) Rejected
¢) Objective familiarity of computers ¢) Accepted

make less detour steps than do consumers with lower levels of the same
measure of knowledge
H,4: Consumers with higher levels of knowledge, measured as follows:

a) Subjective expertise a) Accepted
b) Objective familiarity of TVs b) Not tested
c) Objective familiarity of computers ¢) Not tested

conform more to the ideal usage pattern than do consumers with lower levels
of the same measure of knowledge
H;: Differences in subjectively measured expertise have a stronger effect on

Accepted
product usage behavior than differences in objectively measured familiarity P
H,: Differences in objective familiarity of televisions have a stronger effect
on product usage behavior than differences in objective familiarity of Rejected

computers

Further analyses of the logged events using ProM showed that for the dual screen and switch
channel tasks participants from the low subjective expertise group experienced more and
different interaction problems than participants from the high subjective expertise group.
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However, this effect was not fully observed for the digital picture task. Two possible
explanations for this inconsistency with the results of the other two tasks were the
experimental design of the task (providing the USB stick is already one completed step
towards completing the task without necessarily understanding what a USB stick is and how
to use it) and the design of the multimedia browser interface. Although the UI was designed
that it automatically selected the right USB port, several participants of the high subjective
expertise group checked the content of both ports before proceeding to the stored pictures.

Next, the results of this study show that the models incorporating subjective expertise, in
general, have a stronger and more significant impact on usage behavior than models with
objective familiarity. This is in line with Brucks (1985) and Cordell (1997) who argue in a
different research context that, although familiarity is often used as a proxy measure for
consumer knowledge, differences in expertise stronger relate to differences in factual
knowledge and subsequent consumer behavior than differences in familiarity.

Finally, the results of additional analyses with objective familiarity as independent variable
demonstrate that, in contrast to the hypothesis, objective familiarity of computers has a
significant overall effect on the efficiency measurements and objective familiarity of TVs
does not have a significant effect. Similar to the discussion on reasons for the very low
correlation between objective familiarity and subjective expertise of TVs in section 4.4, one
could argue that usage experience of TVs mostly relates to a relatively “passive” form of
interaction while usage experience of computers in general can encompass many different and
also more active forms of interactions. Consequently, although for subjective expertise
measurements this was not useful due to strong correlation, the use of core and supplemental
knowledge domains can help to explain differences in product usage behavior of a CE product
which merges functionalities from historically different product domains (although the effect
is small).

5.4.2 Selecting consumers for product tests based on a differentiation on
consumer knowledge

This study demonstrates that consumer knowledge differences significantly impact how
consumers respond to complex tasks in CE and as such this construct can be used as a
differentiator for selecting consumers for product tests. Currently, in usability literature and
practice, differentiating on usage experience (i.e. experts vs. novice) is common practice
when testing products for usability problems (e.g. Nielsen (1993)). However, the results of
this study showed that, for LCD TVs, subjective expertise has a stronger effect on usage
behavior than objective familiarity which is similar to usage experience. Moreover, in the
high subjective expertise group there were two participants who rated themselves as having a
high level of subjective expertise but in terms of performance could be rated as a product
novice. Although the limited sample size did not allow for further investigation, this so-called
miscalibration of knowledge (i.e. having the perception of knowing a lot about how a product
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functions but factually knowing less) (Alba & Hutchinson, 2000; Carlson et al., 2009) could
have a more significant effect on product usage behavior than differences in usage experience.

Consequently, taking subjective expertise as a differentiator of consumers for product tests
into account could potentially add value, especially for complex technological products which
rapidly change from a product technological point of view but not necessarily from a
consumer point of view. On top of that, subjective expertise measurements are easy to apply
in practice and do not require complex, tailored measurements such as required for objective
expertise.

5.4.3 Considering consumer knowledge differences in product design

Besides having implications for selecting consumers for product tests, the results of this study
also confirm and further enrich earlier research which shows that consumer knowledge
differences have to be taken into account during product design (e.g. Nielsen, 1993; Ziefle,
2002). The results of the study demonstrated that participants in the low subjective expertise
group not only encountered more and different interaction problems but also used different
strategies to complete a task than the participants in the high subjective expertise group. On
average they took more time to look for information on how to use a certain function and had
more difficulty to understand and navigate through the TV menu (e.g. not understanding how
to use the remote control to navigate through the menu or to select a certain function). Since
CE such as LCD TVs are developed for mass consumer markets, taking consumer knowledge
differences into account can help to tailor both manual (e.g. see Novick and Ward (2006)) and
Ul design (e.g. see Belkin (2000)) to account for consumer diversity.

5.4.4 Study limitations and implications for further research

The study presented in this chapter has given more insight into how consumer knowledge
differences affect product usage behavior when consumers are confronted with the inherent
complexity of CE. Nevertheless, this study had several limitations. First of all, only
familiarity and subjective expertise measurements were used. Although theory suggested that
subjective measurements of expertise are adequate proxy measures of objective expertise for
luxury and durable goods (Carlson et al., 2009), for future studies it would give more
information to also include objective measurements of expertise. Furthermore, only a limited
sample size could be achieved which also resulted in relatively small effect sizes. Since
consumer knowledge must be studied in combination with potentially moderating factors and
because of the quasi-experimental research methodology, larger sample sizes for future
studies are required.

These limitations will be addressed in Chapters 6 and 7 in which the effect of consumer
knowledge on failure attribution is investigated. In both studies simulated product failures are
taken into account and besides familiarity and subjective expertise measurements also an
objective expertise measurement of LCD TVs is used.
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6 Evaluating the effect of consumer
knowledge and failure origin on failure
attribution'’

After having investigated the effect of consumer knowledge on product usage behavior, this
chapter and the following chapter investigate the effect of consumer knowledge on failure
attribution. Both chapters explore this effect for different failure characteristics using
different research methodologies. This chapter specifically investigates how consumer
knowledge differences and the how physical cause of a failure affect failure attribution using
an Internet-based experiment with implemented videos of failure scenarios.

This chapter is organized as follows. Section 6.1 discusses the research variables used in this
study. This section concludes with a conceptual framework of this study and hypotheses are
formulated. Subsequently, in section 6.2 the design of the Internet-based experiment to test
these hypotheses is discussed. Section 6.3 reports on the results of this experiment, assessing
the effect of both the consumer knowledge constructs and failure origin on failure attribution.
Finally, this chapter concludes with a discussion of the results and limitations of this study in

section 6.4.

6.1 Conceptual framework and hypotheses

This section discusses the set-up of the conceptual framework and the selection of the
research variables to investigate the effect of consumer knowledge and failure cause on failure
attribution. Section 6.1.1 discusses the overall goals of this study with respect to attribution of
failures in DTV systems. Based on the goals of this study and earlier research, section 6.1.2
discusses the selection of consumer knowledge measurements. Subsequently, similar to the
previous studies, section 6.1.3 discusses the selection of control and moderating variables.
Finally, in section 6.1.4 the conceptual research framework and hypotheses are presented.

6.1.1 Attribution of failures in DTV systems

As discussed in Chapter 1, product development faults are only important when they are
triggered during product use, attributed as a failure and subsequently result in consumer

"Part of the material presented in this chapter is published in: “Keijzers, J., Den Ouden, P.H. & Lu, Y. (2009).
Understanding consumer perception of technological product failures: An attributional approach. In Proceedings
of the 27th International Conference Extended Abstracts on Human Factors in Computing Systems, (pp. 4057—
4062). New York: ACM”.
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dissatisfaction. While the previous chapters focused on the effect of consumer knowledge on
the product usage behavior, this and the following chapter focus on the effect of consumer
knowledge on the second aspect: failure attribution. For example, research by Ceaparu, Lazar,
Bessiere, Robinson and Schneiderman (2004) has shown that novice and even expert
consumers can wrongly interpret a product’s behavior, product (error) feedback messages and
even the manual, which could lead to an ineffective problem solving strategy or even more
consumer frustration. Since product designers have difficulty predicting this consumer
behavior with respect to product failures, the goal of both failure attribution studies discussed
in Chapter 6 and 7 is to gain better insight into how different consumer groups perceive
(potential) product failures. This insight can ultimately be used to support design decisions in
the future product development processes. The first step is to investigate the differences in the
perceived failure causes between consumers with different levels of consumer knowledge and
subsequently comparing this failure attribution with the real physical cause of the failure. In
other words, consumer knowledge differences are expected to be a main determinant of how
consumers attribute problems that might not be in accordance with the real physical cause as
determined by product experts.

In Chapter 3 the (hypothesized) relation between consumer knowledge and failure attribution
has been discussed without explicitly referring to different types of product failures.
Furthermore, in Chapter 1 and 2 it was discussed that CPFs can have multiple causes: product
development faults, the environment, the consumer or a combination of these. Similarly, each
of these different CPFs can be perceived by the consumer to be caused by the product, the
environment, the consumer or a combination of these. However, for practical reasons it is
neither possible nor desirable to investigate the consumer’s attribution of each of these
antecedents of CPFs; especially since it is important, for reasons of experimental validity
(Stangor, 1998, p. 158), to control for extraneous variables such as the characteristics of the
failure (De Visser, 2008, p. 67) and the use conditions. For example, research by Laufer,
Gillespie, McBride & Gonzalez (2005) has shown that severity of a failure can influence the
extremity of attribution.

In the context of the TRADER project there is specific interest in the consumer’s perception
of potential software failures in DTV systems and in the consumer’s perception of potential
“side-effects” of software failure recovery mechanisms that might lead to other CPFs.
Recovery mechanisms are used to prevent the occurrence of failures but it might be that, in
the perception of the consumer, the consequences of the recovery in terms of observable
product functioning (e.g. a short picture freeze or a temporary degraded picture quality) are
worse than the failure that the recovery mechanism is trying to prevent. In this context, only
failures that could be physically caused by either the (product usage) environment or the
product itself but not by consumer or consumer-product interaction were considered. The
latter would be practically not feasible to study in a laboratory environment and would not
allow for sufficient control of extraneous variables.
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Consequently, for this first study on the effect of consumer knowledge on failure attribution it
was decided to specifically focus on two failures with a distinctly different physical cause; i.e.
a physical cause internal to the TV due to a software fault and a physical cause external to the
TV (e.g. due to a fault in a DVD or the cable signal). A choice is made to further limit the
scope of this study and the following study discussed in Chapter 7 to failures in picture
quality of an LCD TV. A survey by De Visser (2008, p. 79) has shown that watching a
desired program is the most important function of a multimedia LCD TV from a consumer
point of view and hence failures in this function are expected to have the strongest influence
on attribution processing for this product domain. In this context, the goal of this study is to
investigate how and to what extent consumer knowledge affects differences in attribution of
both failures in TV picture quality and subsequently to investigate whether the hypothesized
reasons for the failure by the consumer match the determined physical cause of the failure by
the DTV system experts. The selection and design of the failure scenarios will be further
discussed in section 6.2.3.

As discussed in section 3.3.2, although attribution locus (i.e. do consumers perceive the cause
of the failure to be internal or external to the TV) is of interest for this research, for reasons of
external validity the other attribution dimensions also need to be taken into account when
evaluating attribution differences (Folkes, 1988).

6.1.2 Selection of consumer knowledge measurements

In the studies discussed in Chapters 4 and 5 it was investigated how consumers can be
differentiated on subjective expertise, subjective familiarity and objective familiarity of the
core and supplemental knowledge domain of LCD TVs and subsequently how differences on
these consumer knowledge measurements affect product usage behavior. Objective expertise
measurements were not taken into account in previous studies because theoretically it was
argued that subjective expertise would have a stronger effect on product usage behavior and
because it would have required too much time to develop such a measurement already in the
explorative stage of this research. For the study discussed in this chapter all consumer
knowledge measurements were taken into account (i.e. objective and subjective
measurements of expertise and familiarity) for two main reasons:

e Previous research has shown that objective expertise has a significant effect on
information processing (which relates to processing of attribution of failures) and that
this effect is significantly different from subjective expertise (Brucks, 1985; Sujan,
1985). Furthermore, a study by Somasundaram (1993) has shown that higher levels of
objective expertise result in a greater ability to generate plausible causes to explain a
failure in photograph processing.

e Taking into account objective expertise differences enables a more complete
evaluation of the first sub research question on how consumers can be differentiated
on consumer knowledge of CE.
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Furthermore, in contrast to the previous study the choice is made to evaluate only the effect of
consumer knowledge measurements of the LCD TV domain and no longer differentiate
between core and supplemental knowledge domains. First of all, the results of the previous
studies demonstrated that there is a high correlation between subjective expertise
measurements of the TV and computer domain and also a similar effect on product usage
behavior was observed. Secondly, since an objective expertise measurement is idiosyncratic
with the product class and should be tailored to the research variables of interest in a study
(Alba & Hutchinson, 1987; Cordell, 1997), an objective expertise measurement of LCD TVs
can include knowledge on the core functionalities of a TV as well as on software content and
the technical functioning of LCD TVs.

6.1.3 Selection of control variables and moderating variables

As similarly stated in section 4.1.4, to be able to fully understand the relationship between
consumer knowledge and failure attribution several moderating and control variables need to
be taken into account (Alba and Hutchinson, 1987; Carlson et al., 2009; Folkes, 1988; Silvera
& Laufer, 2005).

First of all, the results of the consumer knowledge survey discussed in Chapter 4 showed that
age difference should be taken into account because this demographic variable significantly
correlated with subjective expertise and familiarity. Furthermore, research has shown that age
might influence cognitive performance (in this context the ability to reason about the
perceived failure cause) and biased processing of attribution (Laufer, Silvera & Meyer, 2005).

Secondly, as discussed in section 3.3.2, there are three types of antecedents which influence
failure attributions (Kelley & Michaela, 1980; Folkes, 1988). Since in this dissertation the
main focus is on the effect of information as an antecedent (i.e. knowledge regarding a
particular product and its potential failures), the effect of the following two antecedents needs
to be either controlled for or needs to be taken into account in the analysis (Kelley &
Michaela, 1980; Folkes, 1988):

¢ Product involvement (relates to motivation to think about causal relations): in the

context of causal attribution search, consumers with a higher level of involvement are
more likely to think about the causes of a product failure (Somasundaram, 1993).

e Product expectations (relates to prior beliefs): erroneous or extreme expectations or

hypotheses of a product’s performance might influence the attribution of failures
related to that product.

Furthermore, although failure cause is the main failure characteristic of interest for this study
and although other failure characteristics need to be controlled for in the experimental design,
it is important to take the perceived severity of a failure into account. On the one hand,
although previous research results are inconclusive (Sujan, 1985; Somasundaram, 1993),
consumer knowledge could affect the extremity of a failure evaluation and on the other hand
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perceived severity can in turn affect failure attribution (Laufer, Gillespie et al., 2005).
Therefore, measurements of both failure impact (i.e. perceived degree of loss of functionality
(De Visser, 2008, p. 68) and perceived picture quality are included in the conceptual
framework to investigate these potentially confounding effects.

A final control variable which needs to be taken into account is failure experience. Because
on the one hand a quasi-experimental approach is used and because on the other hand failure
experience is expected to covary with consumer knowledge, it is not possible to control for
prior experience with a TV failure. Although prior experience (in a sense this can be referred
to as “failure familiarity”’) does not necessarily result in a more correct attribution of a failure,
this potential effect needs to be taken into account during the analysis since it might lessen or
strengthen the effect of consumer knowledge on attribution.

6.1.4 Conclusion

Summarizing, the study discussed in this chapter serves two different goals. First, to set-up
and validate an objective expertise measurement of LCD TVs and to investigate the
differentiation of consumers into segments based upon this measurement. Secondly, to
investigate how consumer knowledge differences affect failure attribution of failures with a
different physical cause (i.e. internal or external to the product) regarding the picture quality
ofan LCD TV.

For the second goal, the research variables and its hypothesized relations discussed in this
section highlighted in the overall research model as shown in Figure 6.1. This research model
will be used (together with the results of the study discussed in Chapter 7) in the study to
answer the third research sub question defined in section 3.4. The results of the literature
review on consumer knowledge and failure attribution discussed in section 3.2 and 3.3
indicated that consumers are expected to attribute product failures to explanations that are
consistent with the consumer’s existing knowledge (Oliver, 1996). Since research has shown
that higher levels of expertise, among other things, are manifested in more refined cognitive
structures of a product, an increased ability to distinguish relevant information and an
increased ability to generate more elaborate explanations (Alba & Hutchinson, 1987), it is
generally expected that higher levels of consumer knowledge result in more correct'® but also
more refined and/or elaborate attributions independent of the type of failure. Consequently, it
is hypothesized that:

Hypothesis Hy: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise
b) Subjective expertise
¢) Objective familiarity
d) Subjective familiarity

'8 In this context “correct” implies more in accordance with the physical cause of the failure.
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attribute product failures caused by product internal factors stronger to internal causes than do
consumers with lower levels of the same measure of knowledge.

Product
development fault

Moderating variables
* Age

* Failure experience

* Product involvement
* Product expectations

Usage behavior

Consumer product
interaction problem
* Internal versus external to
the television
Consumer knowledge \ Cognitive processing
* Objective expertise \ * Attribution dimensions
* Subjective expertise Y | °Typeand number of
* Objective familiarity "] perceived causes
* Subjective familiarity * Perceived picture quality
\- Ceore/supplemental domains ) \0 Perceived failure impact )
Consumer-
perceived failure

A
Consumer’s affective,
emotional and behavioral
response to a
perceived failure

Figure 6.1  Conceptual framework to investigate the effects of consumer knowledge and
failure origin on failure attribution

Hypothesis H,: Consumers with higher levels of knowledge, measured as follows:

e) Objective expertise

f) Subjective expertise

g) Objective familiarity

h) Subjective familiarity
attribute product failures caused by product external factors stronger to external causes than
do consumers with lower levels of the same measure of knowledge.

Hypothesis H3: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise
b) Subjective expertise
¢) Objective familiarity
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d) Subjective familiarity
attribute product failures to more different causes than do consumers with lower levels the
same measure of knowledge.

Besides hypotheses on the overall effect of consumer knowledge on failure attribution, it is
also interesting to investigate which consumer knowledge measurement most strongly relates
to differences in failure attribution. The results of the experiment discussed in Chapter 5 and
previous research by Brucks (1985) and Cordell (1997) have shown that the expertise based
component of consumer knowledge is more directly related to behavior and product
evaluation than familiarity. Furthermore, because objective expertise is regarded as the most
reliable measure of what people actually know (Brucks, 1985; Cordell, 1997) and reflects
qualitative aspects of expertise (Arning & Ziefle, 2009), it is expected to be stronger related to
differences in failure attribution than subjective expertise. This resulted in the following
hypothesis:

Hypothesis Hy: Differences in objectively measured expertise stronger relate to differences in
failure attribution than differences in familiarity and subjectively measured expertise.

Finally, since previous research is inconclusive on the direction of the effect of consumer
knowledge on perceived severity of a failure and extremity of beliefs related to product
evaluation (Somasundaram, 1993; Sujan, 1985), the following two hypotheses were
formulated:

Hypothesis Hs: Consumers with higher levels of knowledge , measured as follows:

a) Objective expertise

b) Subjective expertise

c) Objective familiarity

d) Subjective familiarity
rate perceived picture quality differently from consumers with lower levels of the same
measure of knowledge.

Hypothesis Hg: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

c) Objective familiarity

d) Subjective familiarity
rate perceived failure impact differently from consumers with lower levels of the same
measure of knowledge.
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6.2 Method

To test the hypotheses formulated in the previous section, a 2 (high versus low levels of
consumer knowledge) x 2 (internally versus externally caused product failure) between-
subjects Internet-based experiment was designed in which participants were asked to evaluate
a scenario showing a product failure related to picture quality of an LCD TV. This section
describes the selection of the research methodology and set-up of this experiment.

6.2.1 Research methodology

There are several commonly used research methodologies to investigate consumers’ reactions
to product or service failures. Based on the literature reviews by Ma (2007) and Lancellotti
(2004) and the discussion on failure attribution research by Weiner (2000), three distinctly
different methodologies were identified:

e Retrospective survey: Recollection of the respondents’ perception of the antecedents
and/or consequences of a product or service failure that was experienced in the recent
past.

e Scenario-driven experiment: Role-playing experiment in which participants are asked

to read a short description of a failure scenario and respond to questions regarding
their perception, attribution etc. Alternative, but similar methods include the use of
online scenarios and simulations.

e [aboratory experiment: Experiment in which the participants are asked to use a certain

product or service (usually embedded in tasks which do not explicitly focus on
failures). During the task an implemented failure occurs to which the participants are
asked to respond.

The retrospective survey was not suitable for this study to be able to evaluate the effect of
failure characteristics on attribution, a controlled failure scenario with a known and fixed
failure cause was required. Based on a comparison of the methodological and practical
advantages and disadvantages of the scenario-driven versus the laboratory experiment, a
choice was made to use a scenario-driven Internet-based experiment with video clips of
simulated failures. This method allowed for easier manipulation of the failure scenarios,
greater control of extraneous variables and easier reach of a relatively large sample size
(required because of the use of the quasi-experimental research methodology) compared to
the laboratory experiment. Although a scenario-driven Internet-based experiment has less
ecological validity because it does not involve a real-life failure experience, it does enable the
investigation of failure attribution for a large and diverse group of participants from various
backgrounds and a potentially large spread on consumer knowledge. Furthermore, Internet-
based experiments also suffer from both practical and methodological drawbacks for which
specific attention in the design of the experiment and extensive pre-tests are needed
(Manfreda & Vehovar, 2008; Reips, 2002a; Reips, 2002b). This will be further discussed in
the following sections.
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6.2.2 Research variables: Consumer knowledge measurements

Since the four different consumer knowledge measurements and the failure attribution
measurements and scenarios needed to be included in one single Internet-based questionnaire,
it was important to keep the measurements of the research variables as short as possible to
achieve a higher response rate (Dillman, 2000, p. 305). For the measurements of subjective
expertise, subjective familiarity and objective familiarity the insights gained from the survey
discussed in Chapter 4 were used to adjust and/or shorten the measurement scales.

For the subjective expertise measurement the two different items which scored highest on the
adjusted subjective expertise scale from Flynn and Goldsmith (1999) were used. Furthermore,
for the subjective familiarity measurement only adjusted subjective TV usage items were used
since the results of the survey discussed in Chapter 4 showed that information search items
did not score on one construct. Also, for this construct the number of items was reduced to
two and slight adjustments were made to question wording. Finally, for the objective
familiarity item the frequency scale was replaced by on open response measurement of TV
usage to reduce systematic response bias (Schwarz et al., 2008, p. 27). The adjusted items (in
Dutch) for all these constructs can be found in Appendix 6.1.

For objective expertise of LCD TVs no measurement scale is described in literature. As
previously discussed an objective expertise measurement should be specifically tailored to the
objectives of the study (which dependent variables and in which context) (Brucks, 1985; Alba
and Hutchinson, 1987). However, there are several authors who discuss an objective expertise
measurement for a CE product, e.g. for a digital camera (Cordell, 1997) and for a computer
(Arning & Ziefle, 2008). Inferences can be drawn from these studies for the development of
an objective expertise measurement for LCD TVs. As discussed by Brucks (1985), an
objective expertise measurement can consist of items on terminology, available attributes,
criteria for evaluating attributes, attribute covariation and on usage situations. Although
Brucks (1985) argues for an elaborate measurement of all five aspects (with open response
and multiple choice items), the applied objective expertise measurements in literature consist
usually of around 10-20 items in multiple choice format (Arning & ziefle, 2008; Cordell,
1997; Somasundaram, 1993) which would also fit methodological requirements in terms of
questionnaire length and load on the respondents. The set of response alternatives usually
contains one correct answer, three distracters and an option to indicate that the respondent
does not think to know the correct answer. Subsequently, to obtain an objective expertise
measurement of a respondent, the number of correct answers is counted.

To set-up an objective expertise measurement of LCD TVs the following steps were taken:

1. Development of items based on previous research, product manuals, product
information on the Internet, DTV systems guides (e.g. Fischer (2004)) and input from
several DTV system experts.

2. Short pilot test of initial item pool.
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3. Discussion with DTV system experts and researchers on which items to include in the
measurement scale.

4. Large scale pilot test of the complete measurement scale (part of full-scale pilot
experiment further discussed in section 6.2.8).

5. Final adjustment of the scale.

After following this procedure, 11 items (in Dutch) were included in the final objective
expertise measurement. This scale included five multiple choice, 2 check-all-that-apply and
four true/false items measuring knowledge of LCD TV terminology, usage situations
(including common failures in LCD TV picture quality) and technical functioning. An
example of two different items is shown in Table 6.1". The complete set of items and
response alternatives is shown in Appendix 6.1.

Table 6.1 Example of two objective expertise items on LCD TVs (translated)

.. .. Response alternatives
Objective expertise item .
(correct answer in bold)

Multiple choice:
A. Led Coordination Display

What does the abbreviation “LCD” stand for in B. Liquid Crystal Display

the term “LCD television”? C. Living Color Display
D. Light Compact Display
E. Idon’t know

Red colored horizontal or vertical lines on the A. Yes

display of an LCD television are usually caused | B. No

by defect pixels C. Idon’t know

6.2.3 Research variables: Selection and design of the failure scenarios

As discussed in section 6.1, the goal of this study was to evaluate how consumer knowledge
affects failure attribution for two different failures in the picture quality of an LCD TV: one
failure caused by a fault in product’s software itself and one failure caused by something
external to the LCD TV. To select two relevant, realistic, distinctly different (in terms of
physical cause) but also “equal” failures (in terms of objectively determined failure impact,
degradation of picture quality etc.) input was used from DTV system experts in two
brainstorm sessions. The following two failures were chosen:
e A failure that is most likely to be caused by (software) faults in the TV: Blocking
artefacts on the TV screen.
e A failure that is most likely to be caused by a signal disturbance in the cable or a bad
cable (connection): Noise on the TV screen.

"% Please note that this example is based on a translation of the original Dutch items by the researcher and that for
use of the measurement scale in other countries the items need to be properly translated and/or adjusted.
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For both failure scenarios a written introduction text was shown which included a description
of the basic set-up of the TV (i.e. analogue cable signal and no additional equipment such as a
DVD player) and information on the conditions in which the failure scenario occurred.
Furthermore, for both failures, two video-based failure scenarios were designed that had a
similar introduction to the scenario (i.e. living room context and similar introduction text),
similar TV content, similar duration of the failure etc. The complete failure scenario selection,
design, review and pretesting process are presented in a separate study®’. A snapshot of both
failures in the failure scenario used in the experiment is shown in Figure 6.2%'.

Figure 6.2  Snapshot of failure scenario with noise (left) and blocking artefacts (right)

6.2.4 Research variables: Failure attribution measurements

As shown in the conceptual framework of this study as discussed in section 6.1.4, both the
three attribution dimensions and open response attribution were included as dependent
variables. To measure the three attribution dimensions (i.e. locus, controllability and stability,
see section 3.3) and the open response attribution defined by Oliver (1996), an adjusted
version of the causal dimension scale of Russell (1982; 1987) was used. Taking the specific
context of this study into account, the original items were translated into Dutch and slightly
modified:
e For all items the item wording was more specified towards a failure (instead of a
general outcome) and specified towards TVs and TV quality.
e For locus the item wording was changed to distinguish between a perceived cause
internal to the TV versus a perceived cause outside the TV (instead of internal to the
person or external to product). This change was made because for these failure

2 This study is published in: “Keijzers, J., Scholten, L., Lu, Y. & Den Ouden, P.H. (2009). Scenario-based
evaluation of perception of picture quality failures in LCD televisions. In R. Roy & E. Shebab (Eds.),
Proceedings of the 19th CIRP Design Conference. (pp. 497-503). Cranfield: Cranfield University Press”.
2! The failure scenario videos can be obtained from the author.
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scenarios the participants were asked to respond to simulated failures instead of a real
experienced failure in which a participant could attribute a failure to him/herself.

¢ For controllability one item (i.e. outcome was intended by me or other people versus
outcome was not intended by me or other people) was removed because it did not fit
with the specific context of this study.

An overview of the failure attribution measurements (in Dutch) is shown in Appendix 6.1.

6.2.5 Research variables: Control variables measurements

In this section, the measurements of the control variables age, product involvement, product
expectation, perceived failure impact and perceived picture quality are discussed. First of all,
product involvement can be measured by several different measurement scales ranging from
task or function specific involvement with one item (Lazar, Jones & Schneiderman, 2006), to
product importance ratings of four items (Lancellotti, 2004), to the Personal Involvement
Inventory which has 20 items (Zaichkowsky, 1985). To keep the number of items as low as
possible while retaining the possibility to analyze scale validity and reliability, an adjusted
and translated version of the product involvement scale developed by Lancellotti (2004, p.
242) was used. This scale consisted of three items measuring to what extent LCD TVs were
important, useful and appealing to consumers on a five-point Likert scale. Similarly, for
product expectations an adjusted and translated version of the product expectations scale
developed by Lancellotti (2004, p. 204) was used. This scale consisted of three items
measuring to what extent consumer’s expected an LCD TV to function reliably, flawlessly
and with a high picture quality (again measured with a five-point Likert scale).

Finally, failure impact was measured with a numerical item adjusted from De Visser (2008,

p. 195) and perceived picture quality was measured on a five-point Likert scale ranging from
very good to very bad. To test the validity of the design of the (failure) scenarios,
measurements of failure perception (i.e. did the participants indeed observe a picture quality
failure) and perceived scenario realism were included. A detailed overview of all the
measurements and its items (in Dutch) discussed in this section is shown in Appendix 6.1.
Next to these measurements, an open response measurement of the year of birth was included
to measure the participant’s age.

6.2.6 Population, sample and sampling method

Similar to the survey discussed in Chapter 4, for this web-based experiment the population of
interest is a preferably heterogeneous population of Dutch consumers who are willing to use
an LCD TV and who meet generally used demographic criteria such as aged 16 years old or
above. To counter the disadvantages of convenience sampling used in Chapter 4, for the web-
based experiment an online consumer panel and advertisements on various Internet forums
were used to attract a large and heterogeneous group of respondents. This multiple-site entry
technique potentially reduces self-selection bias for Internet-based questionnaires (Reips,
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2002a). For access to the consumer panel members, a banner was placed on the consumer
panel website for which the panel members earned €0.03 when they accessed the website
linked through the banner. After 4000 referrals to experiment’s website, the banner on the
consumer panel website was removed. Please note that although this ensured that at least 4000
people would access the website’s experiment, it was still up to the person to fill in the
questionnaire or not. An overview of the response rate and distribution of respondents in
terms of referring URLs is further discussed in section 6.3.1.

6.2.7 Design of Internet-based experiment

This section discusses the most important aspects of the design of the web-based experiment.

Technical aspects of the web-based experiment

The web-based experiment was designed by using Limesurvey (Limesurvey v1.71) installed
on a local server on the university campus. To ensure visibility of the questionnaire a special
website address referring to TV quality was created (www.televisiekwaliteit.id.tue.nl). The
video-based failure scenarios were embedded in the questionnaire by using YouTube
(YouTube). Since research has shown that Internet-based experiments lessen the degree of
control of the experimental setting, additional data on the responses was logged (Reips, 2002a)
First of all, to control for multiple entries by the same person the IP address and referring
URL of the respondent was logged. Secondly, the time it took respondents to complete the
experiment was logged to control for erroneous answers. Respondents taking either too little
or too much time to complete the questionnaire should be removed before further analysis due
to potential threats of experimental validity.

Experimental procedure

This section briefly discusses the experimental procedure and ordering of the questionnaire
items. Besides following the general guidelines on questionnaire, question and item
construction (Dillman, 2000; Fowler & Cosenza, 2008; Manfreda & Vehovar, 2008; Schwarz
et al., 2008) (see also section 4.2.3), special attention was paid to reduce the drawbacks of
Internet-based experiments (Reips, 2002a). An overview of the complete experimental
procedure followed by each participant is shown in Figure 6.3. All the items of the
questionnaire and the introduction text of the failure scenario can be found in Appendix 6.1.

From this figure can be seen that all participants were shown a video of the LCD TV without
an implemented failure in the beginning of the questionnaire to create a similar frame of
reference for all participants (i.e. evaluating picture quality of an LCD TV via an Internet-
based experiment with video-based scenarios). Furthermore, each participant was asked to
rate the picture quality of the LCD TV shown in this scenario and to indicate whether they
had seen a failure in this scenario in order to test: 1) significant difference with the failure
scenario; and 2) for potential confounding (computer or Internet related) variables such as
Internet browser or network problems (Reips, 2002a). Similarly, also for the failure scenario a
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control item on failure perception was included to ensure that every participant did observe
the product failure as intended. To ensure random allocation to either the noise or blocking
artefacts scenario, the participants’ year of birth (even or uneven) was used as a condition for
referral.

- Subjective
Television . .
. expertise and Demographics
ownership e
familiarity
y
. . Video of scenario Introduction to
Perceived picture . . L.
ualit without failure scenario without
quatty (1.5 minute) failure
Failure description, Product Introduction to Video of scenario
impact and involvement and scenario with with failure
experience expectations failure (1.5 minute)
Picture quality, Failure
Objective expertise Failure attribution failure description, perception
impact, experience

4

( Replay of video
with failure
L (1.5 minute)

Figure 6.3  Overview of the procedure of the Internet-based experiment

Similar to the survey discussed in Chapter 4, several potential order effects were taken into
account when ordering these subjects in the web-based experiment (Dillman, 2000, p. 89;
Reips, 2002a). First, the measurement of subjective expertise was put before the failure
scenarios and objective expertise measurements because of a potential carryover effect. For
the same reason and to improve response rate objective expertise items were put at the end of
the questionnaire due to potential carry-over effects to the attribution measurement. Secondly,
product involvement and product expectations were measured after a video of the LCD TV
without a failure (to create a similar frame of reference for each participant) and before the
failure scenario (to prevent potential bias due to watching a product failure).
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Methods to improve response rate

To improve the response rate (besides the advantage of using a (paid) consumer panel) several
methods were used of which the most important are (Dillman, 2000; Lynn, 2008; Reips,
2002a):

¢ Ensuring confidentiality of information provided.

e Use of the university and research project name and logo to emphasize the importance
and professionalism of the research project.

e Price draw of three times €100,- in cash among the respondents who completed the
web-based experiment and met the inclusion criteria (i.e. age, no double responses
etc.).

e Email address at every page of the web-based experiment to reach the researcher in
case of problems.

6.2.8 Pilot experiment

Before proceeding with the large scale experiment, the questionnaire design and appearance
on different computers with different Internet browsers and Internet connections (Reips,
2002a) was tested in a small-scale pilot test (n = 15) among colleagues and family. Based on
the results small problems with questionnaire readability on difference Internet browsers as
well as the visibility of the embedded videos were solved.

Subsequently, the complete experiment was pre-tested in a pilot experiment with 40
participants (students of the faculty Industrial Design at Eindhoven University of Technology).
The set-up and results (in terms of selection of scenario content and tests of scenario realism)
of this pilot experiment are discussed in a separate study presented in a separate paper
(Keijzers, Scholten, Lu & Den Ouden, 2009). Based upon the results of this experiment two
objective expertise items were replaced (due to low validity), the introduction text of the
failure scenarios was improved and small adjustments were made to item wording.

6.3 Results

In this section, the results of the experiment are discussed. First, in section 6.3.1 an overview
is given of the characteristics of the respondents. Subsequently, section 6.3.2 discusses the
validation of the different constructs and measurements scales used throughout the experiment.
Based on these results section 6.3.3 discusses the set-up and assumptions check of the
statistical analyses and coding of the open response attribution measurement to test the
hypotheses. Next, in section 6.3.4, the overall effect of consumer knowledge and failure
origin on failure attribution is discussed. Finally, to gain deeper insight into failure attribution
differences, in sections 6.3.5 and 6.3.6 the scenario-specific results and the effect of consumer
knowledge is discussed for respectively the noise and blocking artefacts scenario.
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6.3.1 Respondent characteristics

In this section an overview is given of the response rate and respondent characteristics. The
first entry was recorded on June 6™ 2008 and the final entry on June 30" 2008. In total 657
responses were recorded out of which 408 were fully completed questionnaires. This large
difference between recorded responses and fully completed questionnaires was due to the fact
that any press of a button in the questionnaire would result in a record of the response. Most
incomplete responses were from participants who started the questionnaire but did not answer
any question. The results of the logging of time showed it took on average slightly less than
13 minutes to complete the questionnaire. Based on these results and results of the pilot
experiments, responses which took either less than five minutes or more than 45 minutes to
complete the experiment were excluded from further analysis. After further excluding
responses which did not meet the other inclusion criteria (e.g. open response answers not
related to the content of the questionnaire, description of the failure scenario which did not
match the content, multiple entries from the same IP address), 354 remained for further
analysis.

An overview of the distribution among referring URLSs of these respondents is shown in Table
6.2. From this table can be seen that more than 80% of the respondents were recruited via the
consumer panel. Next, an overview of the respondent characteristics in terms of age,
educational level and gender is shown in Table 6.3. From this table can be seen that
participants ranged from 16 to 65 years old and were mostly medium to highly educated
(89.5%). Furthermore, a slight bias towards female participants was observed due to the use
of the consumer panel.

Table 6.2 Overview of distribution of respondents among referring URLs
Referring URL n /)
Moneymiljonair www.moneymiljonair.nl 295 83.3
Tweakers www.tweakers.net 6 1.7
Elektronicaforum www.elektronicaforum.nl 5 1.4
Thesistools www.thesistools.nl 5 1.4
Scholieren.com www.scholieren.com 6 1.7
DVDforum www.dvdforum.nl 8 2.3
Computertotaal www.computertotaal.nl 8 2.3
HTforum www.htforum.nl 12 34
SOplusplein www.50plusplein.nl 1 0.3
Unknown - 8 2.3
Total - 354 100.0

Out of the 354 respondents, 344 owned a TV out of which in turn 132 owned a plasma and/or
LCD TV. Furthermore, 50.6 % of the respondents used a digital cable signal.
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Table 6.3 Overview of respondent characteristics in terms of age, educational level and

gender
Age n %0 Educational level n %0 Gender n %0
<21 years 33 9.3 Low 37 10.5 | Male 148 418
21 - 30 years 94 26.6 | Medium 210  59.3 | Female 206  58.2
31 —40 years 89 25.2 | High 106 299
41 - 50 years 78 22.0
51 — 60 years 51 14.4
61 — 70 years 9 2.5
71 — 80 years 0 0.0
80 > years 0 0.0
Missing 0 0.0 1 0.3 0 0.0
Total 354 100.0 354 100.0 354 100.0

6.3.2 Validation of the measurements

In this section the validation of the measurements for the independent, dependent and control
variables is discussed. To analyze the reliability and validity of the objective expertise
measurement, first the scores on the individual items were calculated. Each item was given
the same weight in the total score. Only the correct answer was rewarded with one point. For
the “check-all-that-apply” questions first a score was obtained by counting the number of
correctly selected answers and deducting the number of incorrect answers. When this score
was equal to or higher than the total number of possible correct answers deducted by two (i.e.
approximately half of the answers correct), the participants received a point for that item. For
example, for objective expertise item number six this score had to be equal to or higher than
two (i.e. this items had four correct answers) to be awarded one point for this item.

To assess the reliability and validity of the objective expertise measurement, the point-biserial
correlation, p-values and Cronbach’s alpha were used (DIIA, 2003; Varma, n.d.). In this
context the point-biserial correlation can be used to assess item quality because it is an
indication of the discriminatory power of an item (Varma, n.d.). Consequently, items with a
point-biserial value below 0.15 (Varma, n.d.) need to be removed from further analysis.
Furthermore, the p-value can be used as an indicator of item difficulty. Items with a p-value
above 0.90 (too easy) or a p-value below 0.20 (too difficult) should be considered for removal
from further analysis (DIIA, 2003). From the results of this analysis shown in Appendix 6.2
can be seen that all the items are valid for further use in the analysis. Furthermore, the results
of the analysis indicate the complete scale has a Cronbach’s alpha of 0.808 which is very
good for this type of scale (DIIA, 2003). Overall, the results showed a mean objective
expertise score of 5.07 (S.D. = 3.00) and, although not normally distributed, a reasonable
equal spread among the score as shown in Figure 6.4.
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Figure 6.4  Distribution of objective expertise score

Since the different consumer knowledge constructs were measured on different scales, they
could not be combined into a single factor analysis as was done with the measurements in
Chapter 4. The results of the separate factor analyses for subjective expertise and subjective
familiarity show that the items scored on a single factor and measurements of Cronbach’s
alpha showed that both scales were reliable (0.877 for subjective expertise and 0.820 for
subjective familiarity).

For the factor analysis of the causal dimension scale mixed results were found. The results of
factor analyses showed that the controllability items did not score on a single factor and had
to be removed from further analysis. Furthermore, although the stability construct did emerge
from the factor analysis, separate measurements of Cronbach’s alpha (0.881 for locus and
0.320 for stability) indicated that the scale was not reliable and therefore not suitable for
further analysis. The locus scale which was of main interest for this study proved to be both
valid and reliable. When reflecting on the wording of the stability and controllability items, a
possible explanation for the weak validity and reliability could be that the items were too
difficult to answer due to the use of failure scenarios instead of a real-life failure experience.

Next, results of the factor analyses for the product involvement and expectations measurement
scales show that both scales are valid. Separate measurements of Cronbach’s alpha proved
that both scales are reliable (0.826 for product involvement and 0.806 for product
expectations) and therefore suitable for further analysis. A summary of the descriptive
statistics of the constructs discussed in this section is shown in Table 6.4. Please note that for
both the product involvement and product expectations a reverse scored measurement is used
so that a positive score refers to a higher level of involvement or higher (more positive)
expectations.
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Table 6.4 Descriptive statistics for the questionnaire constructs

Construct Mean S.D. Scale range = Number of items
Objective expertise 5.07 3.00 0-11 11
Subjective expertise 2.75 1.24 1-5 2
Objective familiarity 23.96 17.57 0-105 1
Subjective familiarity 3.64 1.10 1-5 2
Product involvement (reverse scored) 341 0.95 1-5 3
Product expectations (reverse scored) 4.35 0.72 1-5 3

From this table can be seen that for objective expertise the mean score is slightly below the
mean of the scale while for subjective expertise and subjective familiarity the mean score is
above the mean of the scale. Furthermore, for product involvement and particularly for
product expectations a high mean score was observed. In other words, participants were on
average interested in LCD TVs and had high expectations concerning the product’s quality
and reliability.

By using the mean score of the expertise and familiarity constructs, both convergent and
discriminant validity can be discussed by investigating the correlations between these
constructs (see also Chapter 4). An overview of the correlations between the consumer
knowledge constructs and the control variables is shown in Table 6.5. When comparing these
results with the results of the survey discussed in Chapter 4, similar effects could be observed
except from subjective familiarity. Due to shortening of the scale and only focusing on items
reflecting usage, only a significant correlation with objective familiarity was observed.
Moreover, since objective expertise neither (positively) correlates with both familiarity
constructs, this confirms the conclusions drawn in Chapter 4 and 5 that usage experience of
TVs is generally passive and does not automatically result in an increase of (either perceived
or objective) expertise. As can be seen in the literature review by Carlson et al. (2009)* on
the relation between objective and subjective expertise, the relatively high correlation
between objective and subjective expertise of TVs found in this study is of the same
magnitude for other CE or technological products.

Finally, from the table can be seen that for the product involvement and product expectations
measurements, significant correlations with all consumer knowledge constructs were
observed. In other words, consumer knowledge on LCD TVs is positively related to interest in
LCD TVs and higher expectations of LCD TV quality and reliability.

*2 Please note that this information was published after conducting this experiment and was therefore not
available for previous studies discussed in this dissertation.
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Table 6.5 Correlations (Spearman’s rho) of questionnaire constructs, N = 354
Product Product
Subjective  Objective  Subjective . rocue ro u.c
expertise  familiarit familiarit Age involvement - expectations
P y y (reversed) (reversed)
Objective . . - -
) 0.591 -0.105 -0.038 0.041 0.227 0.173
expertise
Subjective -0.095 0.013 -0.116" 0.315" 0.119°
expertise
j t. ks Hk sk *
Objective 0.550 0210 0.222 0.131
familiarity
Subjective 0.021 0.329" 0.278"
familiarity
Age -0.074 0.119°
.Product 0.475"
involvement

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

6.3.3 Set-up of the analyses

To investigate the main effect of consumer knowledge on failure attribution, multiple separate
MANOVAs (for each consumer knowledge construct separately) with a 2 (consumer
knowledge) x 2 (failure cause) factorial design were used in which the attribution locus scale,
perceived failure impact and perceived picture quality were included as dependent variables.
Similar to the method used in Chapter 4, participants were categorized into low versus high
consumer knowledge based on a split on the mean value (see Table 6.4) of the different
consumer knowledge constructs. An overview of the characteristics of both groups based on a
differentiation on objective expertise is shown in Table 6.6. Furthermore, results of the
assumptions check for the MANOVA analysis for objective expertise showed that the data
sufficiently met the criteria for performing this analysis.

For the analysis of the open response attribution measurement all the responses were
categorized into groups of similar attributions in a discussion session with three DTV system
experts. Subsequently, the effect of consumer knowledge on failure attribution in terms of
differences in attributed causes was investigated by using nonparametric separate pair-wise
Mann-Whitney U tests. For both the MANOVA and the nonparametric tests the level of
significance is set at p = 0.05. Results within the less restrictive level of p = 0.1 are indicated
as marginally significant. Finally, for the MANOVA analyses the significance of the omnibus
F-tests were taken from the Pillai values.

134



Table 6.6 Overview of participant characteristics based on a differentiation on objective

expertise
High objective expertise Low objective expertise

Mean S.D. Range Mean S.D. Range
Objective expertise 8.04 1.45 6-11 2.76 1.53 0-5
Subjective expertise 3.44 1.20 1-5 2.19 0.95 1-5
Objective familiarity 22.36 16.53 1-105 25.20 18.27 0-105
Subjective familiarity 3.54 1.14 1-5 3.70 1.06 1-5
Age (years) 36.67 12.01 16-65 36.88 12.48 18-65
Product involvement 3.58 1.01 1-5 3.28 0.87 1-5
Product expectations 4.39 0.64 1-3.67 4.31 0.81 1-5

6.3.4 Evaluation of the overall effect of consumer knowledge and failure cause

In this section, the overall effect of consumer knowledge and failure cause on the dependent
variables is discussed as well as the results for the evaluation of control variables (effect of
age, product involvement and product expectations) and possible confounding factors (effect
of failure experience).

Evaluation of control measurements of failure perception and perceived scenario
realism

Before proceeding with the analysis of the main effects, the design of the experiment was
evaluated. First, a Wilcoxon signed-rank test was used to test whether the perceived picture
quality scores of the introduction scenario (without failure) and the failure scenario
significantly differed. The results confirmed that the picture quality of the LCD TV in the
failure scenarios was perceived as significantly worse than the picture quality of the LCD TV
in the introduction scenario (p < 0.001). Secondly, a separate pair-wise Mann-Whitney U test
confirmed that there was no significant difference in perceived scenario realism between the
two failure scenarios (p < 0.8). For both scenarios the mean score of perceived scenario
realism (2.60 for the noise scenario and 2.58 for the blocking artefacts scenario) showed that
both scenarios were perceived, on average, as moderately realistic (see Appendix 6.1 for the
measurement scale used).

Furthermore, separate pair-wise Mann-Whitney U tests confirmed that there were no
significant differences between both failure scenarios in terms of perception of the presence of
a failure in the failure scenario (p < 0.2) and in terms of previous experience with the failure
(p < 0.2). For both failure scenarios approximately 80% of the respondents immediately
perceived the occurrence of a failure in the failure scenario. For the noise scenario 43% of the
respondents indicated having experienced this type of failure in the past in comparison to 51%
for the blocking artefacts scenario. Summarizing can be concluded that the design of the
failure scenarios was successful.
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MANOVA results for the effect of consumer knowledge and failure cause

To evaluate the effect of objective expertise and failure cause on failure attribution, several
MANOVA models were used to evaluate the effect of the moderating and control variables as
shown in the conceptual research framework in Figure 6.1. Since the effect of product
involvement and product expectations as blocking factors was not significant and did not
improve the significance and power for the main independent variables, these were stepwise
removed from the model (Hair et al., 2006, p. 419). Consequently, the final MANOV A model
incorporated, besides the main independent variables, age as a covariate and failure
experience as a blocking factor. The results of the multivariate tests and tests of between-
subjects effects for this model are shown in Appendix 6.3. From this model can be seen that
the overall effect of objective expertise (F (3, 343) = 7.512, p < 0.001), failure experience (F
(3, 343) = 3.645, p < 0.05) and age (F (3, 343) = 2.667, p < 0.05) on the dependent variables
was significant. However, the results also showed that the overall effect of failure cause was
not significant (F (3, 343) = 1.535, p < 0.3). In other words, contrary to what was expected,
the cause of the failure did not have a significant effect on failure attribution, perceived
picture quality and perceived failure impact. Finally, no significant interactions between the
dependent variables and control variables were found.

Further tests of the between-subjects effects showed that objective expertise had a significant
effect on attribution locus (F (1, 354) = 19.007, p < 0.001) and perceived picture quality (F (1,
354) = 5.162, p < 0.05) but not on failure impact (F (1, 354) = 0.158, p < 0.7). Based on this
analysis can be concluded that for objective expertise the effect on perceived picture quality is
significant and therefore hypothesis Hs needs to be accepted. For failure impact the
MANOVA results for objective expertise showed no significant difference and therefore Hg
needs to be rejected.

From the interaction between objective expertise and failure cause for attribution locus shown
in Figure 6.5 can be seen that both failures were on average perceived to be caused more by
TV external factors than TV internal factors (mean of attribution scale is three). For both
scenarios higher levels of objective expertise also resulted in a more extreme external
attribution (i.e. attributions towards a cause outside the TV) compared with lower levels of
objective expertise. Specific results for each failure scenario and the results of the hypothesis
tests for attribution locus are further discussed in section 6.3.5 and 6.3.6.
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Figure 6.5 Interaction plot of objective expertise and failure cause for attribution locus
(higher scores refer to more external attributions)

Furthermore, from the interaction plot between objective expertise and failure cause for
perceived picture quality shown in Figure 6.6 can be seen that for both scenarios higher levels
of objective expertise also resulted in a more negative judgment of perceived picture quality
compared with lower levels of objective expertise.
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Figure 6.6  Interaction plot of objective expertise and failure cause for perceived picture
quality
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Separate tests of the between-subjects effects for failure experience showed the effect of this
variable was significant for attribution locus (F (1, 354) = 4.323, p < 0.05) and perceived
picture quality (F (1, 354) = 6.551, p < 0.05) but not on failure impact (F (1, 354) = 0.045,

p < 0.9). Interaction plots of failure experience and failure cause for attribution locus and
perceived picture quality are shown in Figure 6.7 and Figure 6.8 respectively.
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Figure 6.7  Interaction plot of failure experience and failure cause for attribution locus
(higher scores refer to more external attributions)
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Figure 6.8 Interaction plot of failure experience and failure cause for perceived picture
quality
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From both figures can be concluded that experience with a failure had a similar, but
significantly smaller, effect as objective expertise. For both scenarios experience with a
failure resulted in a more extreme attribution towards external causes and a more negative
evaluation of perceived picture quality.

The results of similar separate MANOV As with subjective expertise (F (3, 343) = 1.181,

p < 0.4), objective familiarity (F (3, 343) = 1.138, p < 0.4) and subjective familiarity

(F (3, 343) = 0.735, p < 0.6) as main independent variable indicated that the overall effect of
these consumer knowledge constructs on the dependent variables was not significant™ .
Hypothesis Has, which stated that objective expertise stronger relates to differences in failure
attribution than subjective expertise and familiarity, can therefore be accepted.

Evaluation of the overall effect of consumer knowledge and failure cause on the open
response attribution measurement

Finally, the overall results of the open response attribution measurement are discussed.
During a discussion session with DTV system experts the individual attribution responses
were subdivided into one or more differently perceived causes. Based on agreement between
the experts similar causes were subsequently grouped and labeled. The overall results of this
coding process compared for both scenarios are shown in Figure 6.9 and Figure 6.10. Figure
6.9 shows a differentiation between attribution to one or multiple causes inside the TV
(internal), to one or more causes outside the TV (external) and to mixed causes (both internal
and external). Figure 6.10 gives an overview of the relative frequencies with which the
differently labeled causes were mentioned. For example, “External-signal” refers to an
attribution of the failure to the quality of the transmission of the TV signal, “External-TV
settings” refers to an attribution to wrong settings selected by the user (referred to as an
external attribution because the user and not the product is blamed) and an attribution to “TV
plus signal” refers to a perceived mismatch between the quality of the TV and the quality
and/or type of TV signal. For TV internally attributed causes no further differentiation was
made since most of the responses did not further specify the answer beyond the TV in general.

Based on these results several conclusions can be made. First of all, results of a separate pair-
wise Mann-Whitney U test confirmed the findings discussed above: there is no significant
difference for perceived locus of the failure (p < 0.3). In other words, there is a difference
between the consumer’s and designer’s attribution of the failures. Only 35% of the
respondents attributed the blocking artefacts to (something inside) the TV while designers
confirmed that this failure, as shown in the scenario, is caused by a fault in the software of the
TV.

* For these analyses the effect of both failure experience as blocking factors and age as covariate were
significant and similar to the model with objective expertise as independent variable.
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Figure 6.9  Overview of attribution locus per scenario (shown as percentage of the total
number of respondents per scenario)
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Figure 6.10 Overview of attributed causes per scenario (shown as percentage of the total
number of respondents per scenario)

Although the noise scenario is attributed more in agreement with the product designers, still
30% of the respondents perceived that an internal fault in the TV itself can be the cause.
Moreover, for both failure scenarios a large “spectrum” of attributed causes is mentioned.
Although there is a striking number of similarities in type of attributed causes, separate pair-
wise Mann-Whitney U tests showed that for the noise scenario significantly more respondents
attributed the failure to the cable (p < 0.01), the connection (p < 0.001), the TV settings
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(p < 0.05) and a combination of the TV and type of TV signal (p < 0.01), than for the
blocking artefacts scenario.

Based on the number of separately identified attributed causes deducted from the open
response measurement for each participant, an overall comparison was made between the high
and low levels of objective expertise. For this analysis a differentiation was made between
responses referring to multiple causes (either multiple internal, multiple external or mixed),
responses referring to single causes and responses which did not refer to any cause (i.e. “I do
not know”). Results of separate pair-wise Mann-Whitney U tests showed that the participants
in the high objective expertise group overall mentioned significantly more different causes
than participants from the low objective expertise group (p < 0.001). Consequently,
hypothesis Hs needs to be accepted. The specific effect of objective expertise on the open
response attribution answers is further discussed for each scenario specifically in the
following sections.

6.3.5 Analysis of the results for the noise scenario

In this section, detailed results for the noise scenario are discussed. As only the MANOVA
model with objective expertise showed a significant effect, for both scenarios the analysis and
discussion of the effect of consumer knowledge on the dependent variables is limited to
objective expertise. An overview of the descriptive statistics of the dependent variables for the
noise scenario when differentiating on objective expertise is shown in Table 6.7.

Table 6.7 Descriptive statistics of dependent variables for the noise scenario

High objective expertise Low objective expertise
Mean S.D. Range Mean S.D. Range
Failure impact 4.12 1.07 0-5 3.90 1.18 0-5
Picture quality 1.74 0.91 1-4 2.10 0.95 1-4
Scenario realism 2.63 1.21 1-5 2.58 1.00 1-5
é:;’;ﬁ;’t"m locus 3.91 1.23 1-5 3.20 1.05 1-5

Based on these results for this scenario, a comparison was made between these measurements
for high and low levels of objective expertise. Separate pair-wise Mann-Whitney U tests
showed significant differences between high and low levels of objective expertise for
attribution locus (p < 0.001), perceived picture quality (p < 0.01), failure impact (p < 0.05)
and number of attributed causes (p < 0.01). Since the results showed that participants from the
high objective expertise group attributed the noise scenario significantly stronger to external
causes than participants from the low objective expertise group, hypothesis H, can be
accepted.
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Differences between the low and high levels of objective expertise for the open response

attribution measurement are shown in Figure 6.11 and Figure 6.12.

Figure 6.11

Figure 6.12

From figure 6.11 can be seen that participants with higher objective expertise attribute more
to multiple external and mixed causes than participants with lower levels of objective
expertise who attribute more to single causes. To further illustrate this difference, below an
example of two exemplary translated attribution responses is given for high and low objective

expertise.
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Participant in the low objective expertise group: “I think that the technical quality of a TV

determines the amount of noise. In that case the manufacturer of the TV is responsible for the
noise”.

Participant in the high objective expertise group: “(The failure) can have different causes. It

can be a disturbance at the cable signal provider, there can be atmospheric disturbances, the
antenna cable is not plugged in correctly but it can also be a disturbance in the TV itself in the
signal capturing part or in the image processor”.

Although some of the attributed causes mentioned by this participant from the high objective
expertise group are considered to be highly unlikely by the DTV system experts (i.e.
disturbance in the TV), the difference between these attribution responses does show that
higher objective expertise does results in more complex reasoning regarding failure causes.

6.3.6 Analysis of results for the blocking artefacts scenario

In this section, detailed results for the blocking artefacts scenario are discussed. An overview
of the descriptive statistics of the dependent variables for the blocking artefacts scenario when
differentiating on objective expertise is shown in Table 6.8.

Table 6.8 Descriptive statistics of dependent variables for the blocking artefacts scenario

High objective expertise Low objective expertise
Mean S.D. Range Mean S.D. Range
Failure impact 4.10 1.31 0-5 4.21 1.28 0-5
Picture quality 1.69 0.98 1-4 1.86 1.05 1-5
Scenario realism 2.68 1.29 1-5 2.51 1.11 1-5
é:;‘;ﬁ;‘t"’n locus 3.56 118 1-5 3.26 1.01 1-5

Similar to the discussion of the results of noise scenario, a comparison was made between
these measurements for high and low levels of objective expertise. Separate pair-wise Mann-
Whitney U tests showed significant differences between high and low levels of objective
expertise for attribution locus (p < 0.05) and number of attributed causes (p < 0.01), but not
for perceived picture quality (p < 0.2) and failure impact (p < 0.8). Since the results show that
participants from the high objective expertise group attributed the blocking artefacts scenario
significantly stronger to external causes than participants from the low objective expertise
group, hypothesis H; needs to be rejected. In other words, for this scenario a higher level of
objective expertise does not result in a more correct attribution of the failure compared to a
lower level of objective expertise.
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Differences between the low and high levels of objective expertise for the open response
attribution measurement are shown in Figure 6.13 and Figure 6.14.
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Figure 6.13 Overview of attribution locus per objective expertise group for the blocking
artefacts scenario (shown as percentage of the total number of respondents
objective expertise group)
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Figure 6.14 Overview of attributed causes per objective expertise group for the blocking
artefacts scenario (shown as percentage of the total number of respondents per
objective expertise group)

Similar to the results of the noise scenario, from figure 6.13 can be seen that participants with
higher objective expertise attribute failures more to multiple external and mixed causes than
participants with lower levels of objective expertise who attribute more to single causes.
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Furthermore, from the results shown in figure 6.14 can be seen that almost 60% of the
participants in the high objective expertise group mention the cable signal as a perceived
cause of the failure. Although the designers argued that the blocking artefacts caused by
software fault as shown on the designed failure scenario were distinctly different from
blocking artefacts due to a bad (digital) cable signal (e.g. in frequency, appearance, severity
and duration), the participants from the high objective expertise group attributed the failure to
causes that are probably more familiar. For example, one participant from the high objective
expertise group wrote (translated): “The cause can be determined easily: it is the source to
which the TV is connected (either a DVD player, set-top box or other device). TVs do not
have these types of fault and therefore cannot be blamed for this failure. (When blaming the
TV) the failure should have something to do with how the image is shown: too light, too dark,
stripes, ghosting, a delay, bad de-interlacing etc. Blocking artefacts such as these are mostly
caused by a problem with the source. This could be damage to a DVD or a too low bitrate at
the cable signal provider”. In other words, for this scenario a higher level objective expertise
does not result in attributions more in accordance with the DTV system experts.

6.4 Conclusion and discussion

This section concludes this chapter and discusses the results of the study and its implications.
First, section 6.4.1 gives an overview of the results and discusses the hypotheses.
Subsequently, section 6.4.2 discusses how the results of this chapter can help product
designers to better understand the consumer’s perception of and reaction to product failures.
Finally, in section 6.4.3 limitations of the study discussed in this chapter and subsequent
implications for the final failure attribution study in Chapter 7 are discussed.

6.4.1 Overview of the results

This study investigated how consumer knowledge differences of LCD TVs and failure cause
(internal versus external cause with respect to the TV) affect attribution of product failures in
the picture quality of an LCD TV. These differences were evaluated in an Internet-based
experiment with 354 participants recruited via a consumer panel and various Internet forums.

The results for the control measurements demonstrated that overall the design of the Internet-
based experiment was successful: there is no significant difference between perceived realism
of the scenarios used, there is a significant difference in perceived picture quality between the
introduction scenario and the failure scenario and approximately 80% of the participants
immediately perceived the presence of a failure in the failure scenario.

Furthermore, most of the measurement scales proved to be reliable and valid. First, the results
showed that the consumer knowledge measurements, including the newly developed objective
expertise measurement, met the criteria for inclusion in further analyses. Despite using open
response measurements of objective familiarity instead of frequency scales (which could have
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reduced systematic response bias (Schwarz et al., 2008, p. 27), no significant correlation is
found between expertise and familiarity measurements of LCD TVs. This is similar to the
results of the consumer knowledge survey discussed in Chapter 4 and further confirms the
conclusions drawn in Chapter 4 and 5 that the more passive interaction with a TV in general
does not automatically result in higher levels of subjective and objective expertise. The
relatively high correlation (0.591) between objective and subjective expertise is in accordance
with the meta-analysis results of consumer knowledge measurement correlations by Carlson
et al. (2009). Secondly, the results showed that only the transformed locus scale of the causal
dimension scale (Oliver, 1996; Russell, 1982) was valid and reliable in this context. Both the
controllability and stability scales were therefore removed from further analyses. When
reflecting on the wording of the stability and controllability items, a possible explanation for
the weak validity and reliability could be that the items were too difficult to answer due to the
use of failure scenarios instead of a real-life failure experience. Nevertheless, the main goal of
this study was to evaluate the effect of consumer knowledge on the locus scale (see section
6.1.1). Finally, the measurements of the control variables for product involvement and
product expectations (adjusted from Lancellotti (2004)) proved to be reliable and valid for
further analyses. An overview of the results of the hypotheses tested in this study is shown in
Table 6.9.

Most important of all, the results show that only the effect of objective expertise on the
dependent variables is significant. Although no previous research compared the effect of
different consumer knowledge measurements on failure attribution, this result confirms
previous consumer knowledge research in which objective expertise is argued as the most
reliable measurement of what consumers actually know (Brucks, 1985; Cordell, 1997) and
therefore is more directly related to causal reasoning on product failures. For the analyses
with objective expertise as independent variable, the effect of the control variables for product
involvement and product expectations is not significant. Prior beliefs on LCD TVs and
motivation to use them do not strengthen or lessen the effect of objective expertise on
attribution. However, the effect of age as covariate (significant for picture quality) and failure
experience as blocking factor (significant for attribution locus and picture quality) is
significant.

For the analyses of the effect of consumer knowledge on correctness of the attribution (i.e. in
accordance with the physical cause of the failure) of the two different failures, mixed results
are found. For the noise scenario, participants with a higher level of objective expertise
attribute the failure significantly more in accordance with the physical cause of the failure (i.e.
external) than participants with a lower level of objective expertise. However, for the blocking
artefacts scenario opposite results were found. Moreover, the results show that for attribution
locus, previous experience with the failure even led to more extreme external attribution for
both failure scenarios. Consequently, higher levels of objective expertise do not automatically
result in attributions more in accordance with the DTV system expert’s attribution of a failure.
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Table 6.9 Overview of results of hypotheses testing in Chapter 6

Hypothesis Result

H;: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise a) Rejected
b) Subjective expertise b) Rejected
c) Objective familiarity ¢) Rejected
d) Subjective familiarity d) Rejected

attribute product failures caused by product internal factors stronger to

internal causes than do consumers with lower levels of the same measure of

knowledge.

H,: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise a) Accepted
b) Subjective expertise b) Rejected
¢) Objective familiarity ¢) Rejected
d) Subjective familiarity d) Rejected

attribute product failures caused by product external factors stronger to

external causes than do consumers with lower levels of the same measure of

knowledge.

H;: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise a) Accepted
b) Subjective expertise b) Rejected
c) Objective familiarity ¢) Rejected
d) Subjective familiarity d) Rejected

attribute product failures to more different causes than do consumers with

lower levels of the same measure of knowledge.

H,: Differences in objectively measured expertise stronger relate to

differences in failure attribution than differences in familiarity and Accepted

subjectively measured expertise.

Hs: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise a) Accepted
b) Subjective expertise b) Rejected
¢) Objective familiarity ¢) Rejected
d) Subjective familiarity d) Rejected

rate perceived picture quality differently than do consumers with lower levels

of the same measure of knowledge.

Hg: Consumers with higher levels of knowledge, measured as follows:
a) Objective expertise a) Rejected
b) Subjective expertise b) Rejected
c) Objective familiarity ¢) Rejected
d) Subjective familiarity d) Rejected

rate perceived failure impact differently than do consumers with lower levels
of the same measure of knowledge
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When reflecting on these results it seems that, although the blocking artefacts did not
resemble artefacts caused by a digital TV signal disturbance, the participants attribute the
failure in accordance with their expectations and previous experience (which led to a high
percentage of attributions to the cable signal). Higher levels of objective expertise seem to
further strengthen this effect. For the study discussed in Chapter 7 it is therefore interesting to
investigate whether this effect is also present for other types of picture quality failures.

Next, it is found that both overall and for the individual failure scenarios, participants with
higher levels of objective expertise attribute the failure to more different causes than
participants with lower levels of objective expertise. Although higher levels of objective
expertise result in more extreme and not necessarily more correct attributions, the attribution
itself is more complex and refined.

Finally, the results show a mixed effect of objective expertise on perceived failure impact and
perceived picture quality. Overall, higher levels of objective expertise (and for failure
experience) result in a more negative evaluation of perceived picture quality but not in a
different evaluation of perceived failure impact compared to lower levels of objective
expertise. Separate analyses for each failure scenario show that the effect of objective
expertise is significant for the noise scenario for both failure impact and perceived picture
quality but not significant for the blocking artefacts scenario. Because these results are not
consistent across the different failures and because research has shown that failure impact can
also directly affect (extremity of) failure attributions (Laufer, Gillespie et al., 2005) and
therefore might have influenced the results found, the separate effect of the failure impact on
failure attribution will be further evaluated in Chapter 7.

6.4.2 Consumer versus designer attribution of product failures

In the study discussed in this chapter was shown that consumers attributed the two picture
quality failures in LCD TVs differently than DTV system experts did. Especially for the
blocking artefacts scenario, the majority of the participants attributed the failure to a “wrong”
cause. This could be explained by the fact that most consumers are not familiar with the
presence and/or properties of software in modern LCD TVs and therefore attributed to causes
fitting with their expectations and mental model of an LCD TV. Since CE products are
changing rapidly from a technological point of view, this mental model of a product’s
functioning can be or can become incorrect (see for example A. Cooper (1999)). The results
showed that, even despite being classified in the high objective expertise group, the
participants attributed blocking artefacts to a wide range of other causes which, similar as
discussed by Ceaparu et al. (2004)), can lead to ineffective problem solving strategies, higher
consumer dissatisfaction and more complaints. Especially for complex products with multiple
companies and service providers involved, attribution to the wrong cause and/or a wrong
failure diagnosis by the manufacturer can lead to ineffective and inefficient customer service.
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Therefore, analyzing (potential) product failures from an attributional point of view can
contribute to a better consumer focus in the PDP by helping designers and developers to better
understand and subsequently diagnose CPFs and consumer complaints. This can help to
prioritize product failures from a consumer point of view and help to take the correct action
for improvement of the product design.

6.4.3 Limitations and further research

The study presented in this chapter has given more insight into how consumer knowledge
differences and failure cause affect failure attribution. Nevertheless, in its current form this
study had several limitations. First, although the Internet-based experimental methodology
enabled the use of a large sample size and the scenario-based design allowed for more control
over extraneous variables, it only allowed for use of failure scenarios with highly visible
failures and removed the failure from a real-life experience during product usage.
Consequently, only limited inferences can be drawn to how a consumer would respond to a
real failure in their own LCD TV in their home environment. Note however, that it did
capture diversity in attribution of product failures and as such is a first step in investigating
how consumer knowledge and failure characteristics affect failure attribution. Secondly, the
classification of the open response attribution question depended on the researchers’ and
designers’ interpretation. One could argue that other, more qualitative open response coding
techniques such as content analysis, might give better insight into how consumers attribute
failures.

These limitations and the potentially confounding effect of failure impact on failure
attribution are addressed in the final failure attribution study discussed in Chapter 7.
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7 Evaluating the effect of consumer
knowledge and failure impact on failure
attribution

The results of the large-scale Internet-based experiment in the previous chapter showed that
the effect of consumer knowledge on failure attribution is not consistent for different types of
failures. To gain deeper insight into how consumer knowledge affects failure attribution for
different types of failures, this chapter uses a controlled experiment with a more homogenous
group of participants and multiple failure attribution measurements. It specifically
investigates how differences in consumer knowledge and how variation on the impact of a
failure affect failure attribution, by conducting a laboratory experiment with an LCD TV
displaying videos of failure scenarios.

This chapter is organized as follows. Section 7.1 discusses the conceptual framework and
hypotheses tested in this study. Subsequently, in section 7.2 the design of the laboratory
experiment to test these hypotheses is discussed. Section 7.3 reports on the results of this
experiment, assessing the effect of the consumer knowledge constructs and failure impact on
failure attribution. Finally, this chapter concludes with a discussion of the results and

limitations of this study in section 7.4.

7.1 Conceptual framework and hypotheses

Based on the results of the Internet-based experiment discussed in the previous chapter, it was
concluded that additional insight is needed into how consumers attribute product failures by
using a different methodology and more in-depth attribution measurements. As discussed by
Lancellotti (2004), using a multi-method approach can help to cross-validate the results and
enhance the understanding of complex factors underlying failure perception.

Besides for reasons of cross-validation of the results of the study discussed in Chapter 6, the
goal of the study discussed in this chapter is to investigate the possible effect of a different
failure characteristic, i.e. failure impact, on failure attribution. Differences in failure impact
(i.e. degree of loss of functionality) are, from a software developer’s perspective, one class of
criteria that decides which product development faults need to be fixed first (De Visser, 2008,
p- 49). The study discussed in this chapter aims to investigate if and how differences in failure
impact from a consumer point of view also affect how consumers with different levels of
knowledge attribute those failures. In other words, are failures with an objectively measurable
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difference in failure impact also perceived differently by consumers and does this difference
also affect what is perceived to be the cause of these failures? Research by Laufer, Gillespie et
al. (2005) has shown for example that severity of a failure can influence the extremity of
attribution. In their study, they show that in the context of product-harm crises (i.e. situations
where the product is found to be defective or dangerous such as exploding car tires),
observers who perceive a crisis to be more severe attribute more blame to the company than
those who perceive the crisis to be less severe (Laufer, Gillespie et al., 2005). In the context of
the TRADER project it is therefore interesting to investigate if and how differences in failure
impact of more subtle software failures affect how consumers with different levels of
knowledge attribute those failures.

To be able to compare the results with the results of the study discussed in Chapter 6, the
same consumer knowledge constructs, moderating variables and dependent variables as
shown in Figure 6.1 were used. To enable more in-depth investigation of differences in failure
attribution, multiple failure attribution measurements and a measurement of the problem
solving strategy (i.e. perceived solution to the failure shown in the failure scenario) were
taken into account. For reasons of ecological validity (i.e. the degree to which the failure
scenarios designed for this experiment approximate real-life failures), for this experiment only
picture quality failures in an LCD TV with product internal (i.e. software) causes were used
(see section 7.2.3). The conceptual research framework for this chapter is shown in Figure 7.1.
Based on the above and the results of the experiment discussed in Chapter 6, five hypotheses
are formulated of which four match the hypotheses formulated in Chapter 6 and hypothesis H,
is new based on the expected effect of failure impact on failure attribution.

Hypothesis H;: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

c) Objective familiarity

d) Subjective familiarity
attribute product failures caused by product internal factors stronger to internal causes than do
consumers with lower levels of the same measure of knowledge.

Hypothesis H,: Product failures with a higher impact result in more extreme attributions than
product failures with a lower impact.

Hypothesis H3: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

¢) Objective familiarity

d) Subjective familiarity
attribute picture quality failures to more different causes than do consumers with lower levels
of the same measure of knowledge.
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Figure 7.1  Conceptual framework to investigate the effect of consumer knowledge and

failure impact on failure attribution

Hypothesis Hy: Differences in objectively measured expertise have a stronger effect on

failure attribution than differences in familiarity and subjectively measured expertise.

Hypothesis Hs: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise
b) Subjective expertise
¢) Objective familiarity
d) Subjective familiarity

rate perceived picture quality lower than do consumers with lower levels of the same measure

of knowledge.

7.2 Method

To test the hypotheses formulated in section 7.1, a 2 (high versus low levels of consumer

knowledge) x 2 (product failure with a low versus high impact) between-subjects laboratory

experiment was designed in which participants were asked to evaluate a scenario showing a
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product failure related to picture quality of an LCD TV. This section describes the design of
this experiment.

7.2.1 Experimental design

As discussed in section 6.2.1, for methodological and practical reasons a scenario-driven
experiment is best suitable for investigating the effect of consumer knowledge on failure
attribution for different types of picture quality failures. To enhance the real-life failure
experience and to have more control over the context and setting in which the failure
scenarios were evaluated, the study discussed in this chapter was conducted in a laboratory
environment in which participants were shown failure scenarios on a real LCD TV. As the
size of the screen on which the failure scenarios are shown could affect the visibility of
failures with a low impact (i.e. loss of functionality), it was important to keep the
experimental setting constant for every participant.

Furthermore, for reasons of validity it is important to select failure scenarios which
significantly differ on failure impact but do not differ on the other failure characteristics (i.e.
failure workaround, reproducibility, moment in use process, solvability, frequency and
function importance), as defined by De Visser (2008, p. 67). To select a failure type with a
significant difference in perceived degradation of picture quality within the margins of what is
realistically possible in LCD TVs, a pre-test with different types of picture quality failures
with varying levels of failure impact was conducted. Again for reasons of validity, the
participants in this pre-test needed to be similar in characteristics to the participants in the
final experiment. Consequently, the whole experiment was split up in several consecutive
parts:
1. Invitation to participate in the experiment and the measurement of consumer
knowledge constructs via a separate web-based questionnaire (November 2008).
2. Pre-test of different failure scenarios to select a failure type with a significant
difference on failure impact (November 2008).
3. Final laboratory experiment to measure the effect of consumer knowledge and failure
impact on failure attribution (December 2008).

The selection and design of the failure scenarios is further discussed in section 7.2.3.

7.2.2 Participants

As previously discussed in Chapters 3, 4 and 6, the population of interest for this research is a
preferably heterogeneous population of Dutch consumers who are willing to use an LCD TV
and meet generally used demographic criteria, such as aged 16 years old or above. Since it
was important for this experiment to ensure that a large enough sample was achieved within
the practical limitations such as resource constraints (see also the discussion of the selection
of participants in section 5.3.2 for the experiment on usage behavior), a convenience sample
of students and employees from various departments of Eindhoven University of Technology
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was used. It was ensured that none of the participants were familiar with the content of this
research project. As an incentive to participate, the LCD TV used in the experiment was
raffled among the participants.

Out of the 139 participants in the web-based survey (first step of the experimental design
discussed in the previous section), 16 people participated in the pre-test to select the failure
scenarios, three people participated in the pilot test and 58 people participated in the final
experiment. The number of people who participated in the final experiment is slightly less
than desired for a 2 x 2 factorial design (i.e. 4 x 20 participants per group = 80 participants
(Hair et al., 2006., p. 402)). However, due to time and resource constraints and because of self
selection bias towards the higher knowledge group®*, this sample size was the maximum that
could be achieved and is still well above the minimum sample size required for the analyses
performed (see also section 7.3.2). An overview of the demographics of the participants in the
final experiment is shown in Table 7.1.

From this table can be seen that there was a bias towards younger, higher educated males,
which is a consequence of using technical university students and employees as participants.
Out of the 58 participants in the final experiment, all used a TV and 57 owned a TV (of which
27.6% owned an LCD and/or plasma TV and 25.9% used a digital TV signal).

Table 7.1 Overview of participant characteristics in terms of age, educational level and
gender

Age n %0 Educational level n Yo Gender n %0

<21 years 6 10.3 Low 0 0.0 Male 47  81.0

21 - 30 years 43 74.2 Medium 21  36.2 Female 11 19.0

31 —40 years 5 8.6 High 37 638

41 — 50 years 3 5.2

> 50 years 1 1.7

Total 58 100.0 58  100.0 58  100.0

7.2.3 Selection and design of the failure scenarios

To enable the investigation of the effect of failure impact on failure attribution, first a picture
quality failure in an LCD TV needs to be selected that can be differentiated on perceived
failure impact. This section discusses the selection and design of different failure scenarios
and the results of a pre-test to select one type of failure for the final experiment. Similar to the
failure scenario selection process used in Chapter 6, input was used from DTV system experts
in a brainstorm session to select two relevant, realistic failures which could be varied on

* i.e. Participants in the selection questionnaire with a higher level of consumer knowledge were more willing to
participate in the experiment than participants with a lower level of consumer knowledge.
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failure impact but were also relatively “equal” failures (in terms of the other failure
characteristics). The following two failure types were chosen:

e Frame skips: fault in the software of the LCD TV or corrupted data input to the LCD
TV which results in missing frames when looking at a broadcast. This can either result
in a duplication of a previous frame or in a blank (i.e. black) frame (depending on the
brand and type of LCD TV). Depending on the severity of the fault the frequency of
missing frames can vary.

e Skin tone fault: fault in the software of the LCD TV that enhances the skin tone color
shown on the display. This fault results in very bright red patches on the skin of people
shown on the TV display. Depending on the type of software fault this can result in a
very small disturbance on a narrow spectrum of skin tone colors to a large disturbance
for a broad spectrum of skin tone colors.

Besides these two relatively unfamiliar failure types, a failure scenario with noise was
included in the pre-test to form a frame of reference:
* Noise: light or severe noise on the screen due to a bad cable signal or bad weather.

For each of these failure types, two scenarios were designed: one with a light impact and one
with a severe impact on picture quality (within realistic boundaries). The scenarios were
designed using video editing software and evaluated by DTV system experts. For reasons of
validity each failure scenario was implemented in the same fragment of a cooking program.
Because picture quality evaluations are highly dependent upon the content of a video
fragment (Van den Ende, De Hesselle & Meesters, 2007), it was important to select a
fragment in which all failures were clearly visible and in which the content was neutral for the
participants25 .

To assess which of the two failure types differed most on perceived impact, the adjectival
categorical judgment method as advised in the official guidelines for the subjective
assessment of TV picture quality (ITU-R Recommendation BT.500-11, 2002) was used. By
using this method, random pairs of 15 second fragments of the failure scenarios were shown
to the participants. After each pair, participants were asked to rate the perceived picture
quality (which referred to the degree of perceived loss of functionality for picture quality
failures) of the first fragment in comparison to the second fragment on a seven-point scale
ranging from much worse to much better (ITU-R Recommendation BT.500-11, 2002). Each
participant rated all possible 15 combinations. In this pre-test 16 people, who were selected
from the 139 survey participants and who had varying levels of objective expertise on LCD
TVs, participated. This pre-test took place under the same conditions and in the same context
as the final experiment described in section 7.2.5 and 7.2.6.

% The failure scenario videos can be obtained from the author.
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The scores for the paired comparisons were subsequently transformed into single overall
scores for each failure scenario using multidimensional scaling in the XGms software
program (Martens, 2003, Chapter 5). The resulting mean scores and error bars for a 95%
confidence interval are shown in Figure 7.2. The stimuli shown on the horizontal axis in this
figure can be identified as follows:

® A: Light noise

e B: Light skin tone error

e (: Light frame skips

e D: Severe noise

e E: Severe skin tone error

e F: Severe frame skips
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Perceived picture quality
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Failure scenario

Figure 7.2  Comparison of perceived picture quality for the different failure scenarios
(showing mean and error bars)

From the figure can be seen that both noise scenarios are evaluated as quite severe (negative
side of perceived picture quality) while the skin tone error is overall considered the least
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severe failure and there is only a minimal significant difference between both skin tone error
failure scenarios. Based on these results, the choice was made to use the frame skips in the
final experiment. To enhance failure scenario realism and to ensure that the failure was visible
for each participant, the failure scenarios for this experiment contained a one minute fragment
from the same cooking program and a one minute fragment from a CNN news program.

The two minute length ensured that each failure scenario (low versus high frequency frame
skips) was clearly visible and two consecutive fragments from different TV channels
simulated switching channels to enhance failure scenario realism. The two failure scenarios
can also be found in the CD appendix of this dissertation.

7.2.4 Experimental variables

In this section the measurements of the independent, dependent and control variables are
discussed.

Consumer knowledge measurements

As shown in Figure 7.1, all the consumer knowledge constructs were used in this experiment.
Because the results of the study discussed in Chapter 6 showed that all the previously used
consumer knowledge measurements were valid and reliable, for the study discussed in this
chapter the same measurements for subjective expertise and subjective and objective
familiarity were used. These measurements can be found in Appendix 6.1.

For the objective expertise measurement, three items were added to the measurement scale
previously developed and validated in Chapter 6. Although the objective expertise scale
proved the be valid and reliable, because of the homogenous group of test participants it was
decided to add additional items to reflect knowledge on usage of LCD TVs in failure
situations more accurately (see also Brucks (1985)). The added multiple choice items can be
found in Appendix 7.1.

Failure attribution measurements

To measure failure attribution several measurements were used. First of all, similar to the
study discussed in Chapter 6, the adjusted and translated causal dimension scale and open
response attribution measurement were used. To account for the different experimental setting
in which the failure scenarios were shown to participants, the introduction text and the
question formulation of the open response measurement were improved. Secondly, a “check-
all-that-apply” attribution measurement was added based on the participant’s answers to the
failure scenarios used in Chapter 6. Finally, an open response item measuring the perceived
optimal problem solving strategy was included. Both items allowed for a cross-validation with
the open-response attribution measurement. All items and their response scales can be found
in Appendix 7.2.
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Control variables measurements

For the measurement of the control variables product involvement, product expectations and
failure experience as well as for the measurements of perceived picture quality and perceived
failure impact, the same measurements were used as for the study discussed in Chapter 6.
These measurements can be found in Appendix 6.1.

7.2.5 Apparatus and materials

The experiment was performed in the research group’s consumer test facility at the university
campus. This laboratory consisted of one room in which the participants were seated on one
end of a table in front of an LCD TV positioned at the other end of the table. For the
experiment a 32 LCD HD ready LCD TV was used. This TV was connected to a laptop on
which the videos of the failure scenarios were run. A web-based questionnaire displayed on a
separate laptop was used to provide the participants instructions to perform the experiment
and to record the participants’ answers to the attribution and related questions. Similar to the
previous experiment, for both the selection and experiment questionnaire Limesurvey
(Limesurvey v1.71), run on a university campus server, was used.

7.2.6 Procedure

At the beginning of the experiment the participants were instructed that the goal of the
experiment was to evaluate the quality of LCD TVs. Before starting with the experiment, the
participants were provided with basic information on the LCD TV (e.g. price, time of market
introduction, innovative functionalities) and the procedure of the experiment by the researcher.
Subsequently, each participant was asked to read the introduction to the experiment shown in
the web-based questionnaire on the laptop. Each task was explained on a separate page and
the participants were asked to complete a task before proceeding with the next one. An
overview of the complete experimental procedure is shown in Figure 7.3. All the items of the
questionnaire and the introduction text of the failure scenario can be found in Appendix 7.2.

From Figure 7.3 can be seen that a similar ordering of questions was used as for the Internet-
based experiment discussed in Chapter 6. Based on the results of the web-based experiment,
the introduction to the failure scenario was improved to account for the use of video-based
failure scenarios instead of a real-life failure (i.e. participants were instructed that a video of
the failure was captured from an LCD TV by DTV system experts and that the capturing itself
did not affect the appearance of the failure).

The experimental set-up, procedure, measurements and questionnaire were pre-tested in a

pilot experiment with three participants recruited from the group of survey respondents who
indicated to be willing to participate in the experiment.
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Figure 7.3  Overview of experimental procedure

7.3 Results

In this section, the results of the experiment are discussed. First, section 7.3.1 discusses the
validation of the different constructs and measurement scales used throughout the experiment.
Based on these results section 7.3.2 discusses the set-up of the statistical analyses and content
analyses of the open response attribution measurement and problem solving strategy to test
the hypotheses. Next, in section 7.3.3, the overall effect of consumer knowledge and failure
impact on failure attribution is discussed. Section 7.3.4 discusses the results of the content
analysis of the open response attribution measurement. Finally, section 7.3.5 discusses the
results of the content analysis of the open response problem solving strategy measurement.

7.3.1 Validation of the measurements

In this section, the validation of the measurements for the independent, dependent and control
variables is discussed. For all the analyses of these measurements only the experiment
participants were taken into account; the selection survey only served to attract participants
and did not include measurements of the control variables (which were measured after
showing the LCD TV in the experimental setting).

To analyze the reliability and validity of the objective expertise measurement, first the scores
on the individual items were calculated in the same manner as previously discussed in section
6.3.2. Subsequently, the point-biserial correlation and p-values for the individual items and
Cronbach’s alpha for the resulting overall scale were calculated (DIIA, 2003; Varma, n.d.).
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From the results of this analysis shown in Appendix 7.3 can be seen that multiple items had to
be removed from further analyses (i.e. items 2, 10 and 12 — 14). First of all, the added items
which reflected different failure scenarios did not discriminate low from high knowledge
participants and therefore had to be removed. Secondly, two items that were valid for
differentiating consumers in the experiment discussed in Chapter 6, did not meet the criteria
for inclusion in the measurement scale for the sample used in this experiment. Possibly,
differences in demographics of the sample (heterogeneous versus skewed towards higher
educated) could have affected the validity of these items. For the nine remaining items the
Cronbach’s alpha is 0.708 which is sufficiently high for further analysis (DIIA, 2003).

The results of the separate factor analyses for subjective expertise and subjective familiarity
show that the items score on a single factor and measurements of Cronbach’s alpha show that
both scales are reliable (0.905 for subjective expertise and 0.641 for subjective familiarity).

Next, results of the factor analyses for the product involvement and expectations measurement
scales show that both scales were valid. Separate measurements of Cronbach’s alpha prove
that both scales are (although on the lower end of the boundary) reliable (0.563 for product
involvement and 0.774 for product expectations) and therefore acceptable for further analysis.
The descriptive statistics for the validated consumer knowledge constructs and moderating
variables are shown in Table 7.2.

Table 7.2 Descriptive statistics for the questionnaire constructs

Construct Mean S.D. Scale range = Number of items
Objective expertise 6.07 2.06 0-9 9
Subjective expertise 3.15 1.08 1-5 2
Objective familiarity 12.78 7.46 2-35 1
Subjective familiarity 3.08 0.93 1-5 2
Product involvement (reverse scored) 3.82 0.63 2.33-5 3
Product expectations (reverse scored) 4.33 0.73 2-5 3

From this table can be seen that the mean objective expertise score is on the higher end of the
scale, which can be attributed to the use of a convenience sample at a university.

By using the mean score of the expertise and familiarity constructs, both convergent and
discriminant validity can be discussed by investigating the correlations between these
constructs (see also Chapter 4 and 6). An overview of the correlations between the consumer
knowledge constructs and the control variables is shown in Table 7.3. When comparing the
correlations of the consumer knowledge constructs with the correlations found in the Internet-
based experiment shown in Table 6.5 can be seen that these are to a large extent similar in
direction and strength. However, in contrast to the results of the previous study the consumer
knowledge constructs do not significantly correlate with the moderating variables. Again, this
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effect could be due to the use of a more highly educated sample but does not affect further
analysis.

Finally, for the factor analysis of the causal dimension scale mixed results are found, similar
to the results found in the study discussed in Chapter 6. The results of the factor analyses
show that the stability items do not score on a single factor and were therefore removed from
further analysis. Furthermore, although the controllability construct does emerge from the
factor analysis, separate measurements of Cronbach’s alpha (0.748 for locus and 0.429 for
controllability) indicate that the scale is not reliable and therefore not suitable for further
analysis. The locus scale which again was of main interest for this study proves to be both
valid and reliable.

Table 7.3 Correlations (Spearman’s rho) of questionnaire constructs, N = 58
Product Product
Subjective  Objective  Subjective . rocue ro u-c
i familiarit familiarit Age involvement expectations
expertise amiliari amiliari
P y y (reversed) (reversed)
Objective . x
) 0.591 -0.269 -0.134 0.043 0.067 0.214
expertise
Subjective 0227 0011 0.115 0.016 0.021
expertise
Objective 0.492" 0.218 10.096 0.198
familiarity
Subjective 0.039 -0.143 -0.109
familiarity
Age -0.258 -0.122
.Product 0.461"
involvement

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

7.3.2 Set-up of the analyses

To investigate the main effect of consumer knowledge on failure attribution, multiple separate
MANOVAs (for each consumer knowledge construct separately) with a 2 (consumer
knowledge) x 2 (failure impact) factorial design were used in which the attribution locus scale,
perceived failure impact and perceived picture quality were included as dependent variables.
Participants were categorized into low versus high consumer knowledge based on a split on
the mean value of the different consumer knowledge constructs. An overview of the
characteristics of both groups based on a differentiation on objective expertise is shown in
Table 7.4.
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Results of the assumptions check for the MANOVA analysis for objective expertise showed
that the data sufficiently met the criteria for performing this analysis after transformation of
both the attribution locus and perceived failure impact variable. For both the MANOVA and
the nonparametric tests the level of significance is set at p = 0.05. Results within the less
restrictive level of p = 0.1 are indicated as marginally significant. Finally, for the MANOVA
analyses the significance of the omnibus F-tests were taken from the Pillai values.

Table 7.4 Overview of participant characteristics based on a differentiation on objective
expertise
High objective expertise Low objective expertise

Mean S.D. Range Mean S.D. Range
Objective expertise 7.71 0.763 7-9 4.53 1.66 0-6
Subjective expertise 3.68 1.06 1-5 2.65 0.84 1-4
Objective familiarity 11.82 7.63 3-35 13.67 7.31 2-35
Subjective familiarity 2.95 0.98 1-5 3.20 0.89 2-5
Age (years) 25.21 6.16 20-52 26.57 8.34 20-49
Product involvement 3.88 0.56 3-5 3.75 0.68 2.33-5
Product expectations 4.49 0.62 2.67-5 4.19 0.81 2-5

For the analysis of the open response attribution and problem solving measurements, content
analysis was used (Krippendorf, 1980). According to Hsieh and Shannon (2005), three major
approaches to content analysis can be distinguished:

e Conventional content analysis: applicable for studies used to describe a phenomenon.

The study starts with observations and codes are derived from the data itself.

e Directed content analysis: applicable for studies for which already theory or prior
research exists, but this is still incomplete and needs further description. The study
starts with theory or prior research and codes are derived before and during data
analysis.

e Summative content analysis: applicable for studies which go beyond frequency

measurements of words to discover latent variables. This study starts with keywords
and these keywords are defined before and during data analysis.

Based on this overview, the type of content analysis suitable for this study is directed content
analysis. Based on the results of the attribution response coding of the study discussed in
Chapter 6, several categories (i.e. internal, external and mixed attributions) can already be
defined and need to be further developed based on the data of the current study. For the
analysis, the basic content analysis method of grouping and counting relevant attribution
related words and sentences will be used (Krippendorf, 1980, p. 109).
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7.3.3 Evaluation of the overall effect of consumer knowledge and failure impact

In this section, the overall effect of consumer knowledge and failure impact on the dependent
variables is discussed as well as the results for the evaluation of control variables (effect of
age, product involvement and product expectations) and possible confounding factors (effect
of failure experience and perceived scenario realism).

Evaluation of perceived scenario realism

Before proceeding with the analysis of the main effects the design of the experiment was
evaluated. A separate pair-wise Mann-Whitney U test confirmed that there is no significant
difference in perceived scenario realism between the two failure scenarios (p < 0.4). For both
scenarios the mean score of perceived scenario realism (1.71 for the low impact scenario and
2.03 for the high impact scenario) showed that both scenarios were perceived, on average, as
moderately realistic (see Appendix 6.1 for the measurement scale used).

MANOVA results for the effect of consumer knowledge and failure impact

To evaluate the effect of objective expertise and failure impact on failure attribution, several
MANOVA models were used as shown in the conceptual research framework in Figure 7.1.
Since the effect of product involvement, product expectations and failure experience as
blocking factors was not significant and did not improve the significance and power for the
main independent variables, these were stepwise removed from the model (Hair et al., 2006, p.
419). Consequently, the final MANOVA model incorporated, besides the main independent
variables, age as a covariate. The results of the multivariate tests and tests of between-subjects
effects for this model are shown in Appendix 7.4. From this model can be seen that the overall
effect of objective expertise (F (3, 51) = 2.407, p < 0.1) is only marginally significant. The
results also show that the overall effect of failure impact is not significant (F (3, 51) = 1.465,
p < 0.3). In other words, contrary to what was expected, the objectively differentiated and
subsequently pre-tested subjective difference in failure impact did not have an overall
significant effect on attribution locus, perceived picture quality and perceived failure impact.
Consequently, hypothesis H, needs to be rejected.

Results of a separate pair-wise Mann Whitney U test further confirmed that the difference in
perceived failure impact between both scenarios was not significant (p < 0.8). Although these
differences were significant in the pre-test, due to the use of a between-subjects design and
because of the experimental design, the participants lacked a frame of reference and rated
both scenarios as equally severe™.

Although the results show that the separate effect of age as covariate on the dependent
variables is not significant (F (3, 51) = 2.407, p < 0.1), it did improve the significance and

%% Please note that the experiment was designed as such to simulate the real-time logging of a picture quality
failure and therefore no reference video with the same content could be used.
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power of the main independent variables and is therefore included in the final model. Finally,
no significant interactions between the dependent variables and control variables were found.

Further tests of the between-subjects effects showed that objective expertise had a significant
effect on attribution locus (F (1, 58) = 4.160, p < 0.05) but not on perceived picture quality (F
(1, 58) = 1.767, p < 0.2) and perceived failure impact (F (1, 58) = 3.736, p < 0.4). Based on
this analysis it can be concluded that hypothesis H; needs to be accepted and hypothesis Hs
needs to be rejected. From the interaction between objective expertise and failure impact for
attribution locus shown in Figure 7.4 can be seen that both failures were on average perceived
to be caused more by TV internal factors than TV external factors (mean of attribution scale is
three). For both scenarios higher levels of objective expertise also resulted in a more extreme
internal attribution (i.e. attributions towards a cause inside the TV) compared with lower
levels of objective expertise.

Scenario

— Low impact
---High impact

1,60

1,557

1,50

Attribution locus (square root)

1,45

I [
Low High

Objective expertise

Figure 7.4  Interaction plot of objective expertise and failure impact for attribution locus
(higher scores refer to more external attributions)

Furthermore, from the interaction plot between objective expertise and failure cause for
perceived picture quality shown in Figure 7.5 can be seen that for both scenarios higher levels
of objective expertise also resulted in a slightly more negative (although not significant)
judgment of perceived picture quality compared with lower levels of objective expertise.
These results are consistent with the results found in Chapter 6.

Finally, the results of similar separate MANOV As with subjective expertise (F (3, 51) = 0.039,
p < 0.6), objective familiarity (F (3, 51) =0.031, p < 0.7) and subjective familiarity
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(F (3, 51) = 0.564, p < 0.7) as main independent variable indicated that the overall effect of
these consumer knowledge constructs on the dependent variables was not significant®’ .
Hypothesis Ha4, which stated that objective expertise stronger relates to differences in failure
attribution than subjective expertise and familiarity, can therefore be accepted.
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Figure 7.5  Interaction plot of objective expertise and failure impact for perceived picture
quality

7.3.4 Evaluation of the open response attribution measurement

In this section, the results of the content analysis of the open response attribution
measurement are discussed. The directed content analysis resulted in 23 different categories
of attribution responses which could be summated into three main categories: attribution to
something inside the TV, attribution to something external to the TV and attribution towards a
combination of both the TV and TV signal related aspects (e.g. “frequency mismatch” refers
to attribution responses in which the participant perceives that the frequency of the TV signal
and the frequency of the TV display do not match which results in frame skips). The
attribution to something inside to the TV is further split up into three intermediate categories.
An overview of all the categories and the frequencies with which each specific category was
mentioned is shown in Table 7.5. Because the differentiation on failure impact did not affect
the dependent variables in the MANOV A model, for this analysis no differentiation was made
between both scenarios. The results of a separate pair-wise Mann-Whitney U test show that
there is no significant difference in the total number of attributed causes between participants

*7 For these analyses, similar to the model with objective expertise as independent variable, only age was taken

into account as covariate.
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from the low (mean = 3.23 causes) and high objective expertise group (mean = 3.32 causes)
(p < 0.9) and therefore hypothesis Hs needs to be rejected.

No differences between the relative frequencies of the attribution response categories for the
different objective expertise groups were calculated due to the wording of the open response
attribution question. This question was formulated as such that participants were asked to
generate as many different plausible causes for the failure scenario as possible. Since this does
not reflect confidence in one or more of the given answers, these answers did also not
necessarily reflect the level of correctness of the attribution.

Table 7.5 Overview of attribution response categories and its total frequencies
Attribution response category Total Frequency
TV_total 83
TV_software_total 40
e TV_software_imageprocessing 15
e TV_software_general 14

e TV_software_buffer 4
e TV_software_other 3
e TV _software_ CPU 2
e TV_software_interlacing 1

1

e TV _software_firmware

TV_hardware_total 33
e TV_hardware_general 7
e TV_hardware_powersupply 7
e TV_hardware_wire 6
e TV_hardware_backlight 5
e TV_hardware_crystals 5
e TV_hardware_screen 3
TV_general 10
External_total 89
e External_coaxdefect 16
e External_signalquality 15
e External_coaxconnection 14
e External_provider 13
¢ Exernal_powersupply 9
e External_interference 9
e External_settings 7
e External_signalsplitter 6
Combination_total 18
¢ Combination_signal-TVmismatch 10
e Combination_frequencymismatch 8
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Separate analyses of the multiple-choice attribution measurement did also not show any
significant differences in selection of the response categories between the low and high
objective expertise groups. However, the content analysis of the open response attribution
measurement did result in valuable information from a designer’s perspective by showing a
very large and diverse spectrum of attributed causes and is therefore an essential step in
attribution response analysis. The implications of these results are further discussed in section
7.4.

7.3.5 Evaluation of the open response measurement of problem solving strategies

To conclude the results section, the content analysis of the open response measurement of the
problem solving strategy is discussed. The directed content analysis resulted in 22 different
categories of attribution responses which could again be summated into three main categories:
solve the problem indirectly by looking for help (e.g. by consulting the helpdesk or reading
the manual), solve the problem directly with a strategy related to the functioning of the TV
and solve the problem directly with a strategy related to the outside of the TV (e.g. checking
the quality of the TV signal or inserting the power plug into another power socket). An
overview of the categories and the frequencies with which each specific category was
mentioned is shown in Table 7.6.

Similar to the results of the content analysis of the open response attribution measurement, the
results shown in Table 7.6 demonstrate that participants have a large spectrum of problem
solving strategies. Based on a ranking of frequencies, three main strategies emerge from the
data: take the TV back to the shop or manufacturer, switch the TV “off” and back “on”
(which resets the software) and check another cable for similar interference (in other words,
verify whether the coax cable is the source of the problem). According to attribution of the
frame skips scenarios by DTV system experts, the latter two strategies most likely directly
result in a successful solution to the problem. However, both strategies only refer to less than
half of the total number of mentioned problem solving strategies. Many strategies mentioned
do not (directly) result in a solution to the problem or imply contact is needed with the shop or
manufacturer. The further implications of this study for the design of complex CE and on the
insight into the effect of consumer diversity on CPFs, is discussed in the following section.
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Table 7.6 Overview of problem solving strategy categories and its total frequencies

Problem solving strategy category Total frequency

External_total 32
External_shop 17

External_Internet 8
External_manual 2
External_expert 2
External_cable provider 2
External_helpdesk 1
Inside TV_total 41
Inside TV_switch TV off 21

Inside TV_switch TV channel 8
Inside TV_change TV settings 4
Inside TV _reset TV 3
Inside TV _reset TV settings 3
Inside TV _let TV cool off 1
Inside TV_upgrade firmware 1
Outside TV _total 57
Outside TV_check other cable 26
Outside TV_try other TV

Outside TV_remove cable

Outside TV_check other input
Outside TV_check signal quality
Outside TV_change power socket
Outside TV_check other appliances
Outside TV_check meter cupboard
Outside TV_ask neighbours

—_— = N W N O

7.4 Conclusion and discussion

This study investigated how consumer knowledge differences of LCD TVs and failure impact
(low versus high impact) affect attribution of product failures in the picture quality of an LCD
TV. These differences were evaluated in a laboratory experiment with 58 participants
recruited at the university.

First of all, most of the measurement scales proved to be valid and reliable in a similar degree
to the results discussed in Chapter 6. The results did show that the added objective expertise
items could not discriminate low from high knowledge consumers and were therefore not
further included in the scale. On top of that, two other previously validated items in Chapter 6
proved to be either too easy or lacked discriminatory power for the narrower sample used in
the study discussed in this chapter. This shows that the formation of an objective expertise
measurement is, besides the goal for which the measurement is used, also dependent upon the
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population considered in the research project. Correlations between the consumer knowledge
constructs proved to be very similar to those already discussed in section 6.4.1.

Furthermore, again similar to the results of Chapter 6, the results of this study showed that the
attribution stability and controllability measurements scales are not valid and reliable in the
experimental set-up used in this chapter. Although only the validated locus scales is of
importance for this research, further research on the consequences of differences in
attributions needs to take this into account.

Next, the results of the hypotheses tested in this chapter demonstrated similarities but also
differences with the conclusions of Chapter 6. An overview of the results of the hypotheses

tested in this study is shown in Table 7.7.
Table 7.7 Overview of results of hypotheses testing in chapter 7

Hypothesis

Result

H;: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

¢) Objective familiarity

d) Subjective familiarity
attribute product failures caused by product internal factors stronger to internal
causes than do consumers with lower levels of the same measure of
knowledge.
H,: Product failures with a higher impact result in more extreme attributions
than product failures with a lower impact.
H;: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

c) Objective familiarity

d) Subjective familiarity
attribute product failures to more different causes than do consumers with
lower levels of the same measure of knowledge.
H,: Differences in objectively measured expertise stronger relate to differences
in failure attribution than differences in familiarity and subjectively measured
expertise.
Hs: Consumers with higher levels of knowledge, measured as follows:

a) Objective expertise

b) Subjective expertise

¢) Objective familiarity

d) Subjective familiarity
rate perceived picture quality lower than consumers with lower levels of
product related knowledge.
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a) Accepted
b) Rejected
¢) Rejected
d) Rejected

Rejected

a) Rejected
b) Rejected
c) Rejected
d) Rejected

Accepted

a) Rejected
b) Rejected
c) Rejected
d) Rejected



One of the most striking results of this study is the lack of any significant effect of the
variation of failure impact on failure attribution. Although the specially designed pre-test to
select a relevant and significantly differentiable failure on failure impact demonstrates a
significant difference in perceived picture quality for the two frame skips scenarios, the
results of the experiment do not reflect these results. A possible explanation for this result
could be that the differentiation on failure impact is not large enough for a sufficient effect
failure attribution in an experiment with an acceptable but not very large sample. For studies
which do show a significant effect of failure impact on failure attribution, very large
differences in failure impact were used (e.g. a scratch on a product versus situations in which
consumers were physically harmed) (Silvera & Laufer, 2005). However, from both a
methodological and practical perspective this was not relevant in the context of the research
presented in this dissertation since this research concerns more subtle software related and
realistic failures and is limited to one picture quality failure (in order to avoid the potentially
confounding effect of other failure characteristics on failure attribution). Since for both
scenarios the frame skips were clearly visible in a two minute video fragment, this apparently
triggered similar attribution responses.

From the results of the hypotheses testing shown in Table 7.7 can also be seen that, similar to
the results of the study discussed in Chapter 6, only the effect of objective expertise was
significant (albeit marginally). This further strengthens the conclusion drawn in Chapter 6 that
the objective expertise measurement is the most reliable measurement of what consumers
actually know and therefore more accurately reflects differences in failure attribution than
other consumer knowledge constructs.

The results of the analysis of the attribution locus scale showed that when the participants
were forced to make a choice between internal and external attribution of the frame skips
scenario, for both scenarios the participants from the high objective expertise group attributed
the failure more in accordance with the most likely physical cause of the failure. When
comparing this with the results of Chapter 6, it again shows that the effect of objective
expertise on attribution correctness depends on the type of failure and previous experience
with related (but not the same) failures with comparable effects on picture quality. In contrast
to the results of Chapter 6, the differences between the lower and higher levels of objective
expertise for the number of attributed causes and perceived picture quality are not significant.
A possible explanation for this difference could be the relatively small spread on the objective
expertise measurement for the sample used in this study.

Although the adjusted open response attribution and problem solving strategy measurements
were not suitable for analyzing differences between the consumer knowledge groups, the
results of the content analysis give designers insight into the large spectrum of perceived
causes and perceived strategies to solve the problems. Further implications of these results are
discussed in the overall conclusions in the following chapter.
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Overall, the study presented in this chapter has given more insight into how consumer
knowledge differences and failure impact affect failure attribution and how failure attribution
can be qualitatively measured and analyzed. This chapter concludes the empirical research
studies presented in this Ph.D. dissertation. In the following final chapter overall conclusions
are drawn and the theoretical and practical implications of this dissertation are discussed.
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8 Conclusions and Discussion

Previous research showed that existing approaches for managing product Quality and
Reliability (Q&R) do not cover uncertainties associated with the increase of consumer
complaints for complex Consumer Electronics (CE). Part of the problem is that there is lack
of consumer insight regarding the relation between the diversity of consumers and the
propagation of product development faults to Consumer-Perceived Failures (CPFs) and
consumer complaints. To support effective consumer-focused decision making in product
development, for example with respect to failure prioritization from a consumer perspective,
this dissertation aims to provide more insight into this relation. This chapter concludes this
dissertation by discussing the key findings and contributions of the research presented in the
previous chapters.

This chapter is organized as follows. Section 8.1 gives an overview of the key research
findings of this dissertation. In section 8.2 the contributions of this research are discussed for
both theory and practice. Subsequently, in section 8.3 the generalization of the research
findings is discussed. In section 8.4 the limitations of the conducted research are discussed.

Finally, in section 8.5 recommendations for future research are discussed.

8.1 Summary of key findings

This section summarizes the key findings of this dissertation. First, in section 8.1.1 an
overview is given of the research context, problem and research questions addressed in this
dissertation. Subsequently, in sections 8.1.2, 8.1.3 and 8.1.4 the research findings for each of
the sub research questions are discussed. Finally, in section 8.1.5 overall conclusions are
drawn.

8.1.1 Research overview

Chapter 1 discussed that the lack of consumer insight with respect to the propagation of
product development faults to consumer complaints can be attributed to two factors. In the
field of CE there are on the one hand increasingly demanding, more fragmented and less
predictable consumer groups, while on the other hand product designers and developers find it
more difficult to predict consumer dissatisfaction and complaints for these diverse groups. To
address the lack of understanding of the relation between product development faults and
consumer complaints in the classical Q&R fault-complaint propagation model, insights from
consumer behavior literature were used to develop a fault-complaint propagation model from
a consumer perspective in Chapter 2. This model incorporates Q&R problems from a
consumer perspective: Consumer-Perceived Failures. Because currently used consumer
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segmentation criteria do not sufficiently cover differences in CPFs, this dissertation validated
a part of the fault-complaint propagation model by investigating the effect of differences on
multiple dimensions of a single consumer characteristic which affects the consumers’
understanding of complex CE: “consumer knowledge”. In the context of this research,
consumer knowledge relates to both the cognitive structures consumers have of a product’s
functioning and the cognitive processes to be able to perform product-related tasks
successfully (Alba & Hutchinson, 1987).

Based on the results of an explorative experiment with an implemented failure in the teletext
functionality of a TV and on insights from HCI and consumer behavior research, a conceptual
framework was developed in Chapter 3 to better understand the underlying factors of the
propagation of product development faults to CPFs and its relation with consumer knowledge.
Both product usage behavior and failure attribution were identified as important consumer-
dependent mediating variables of this propagation. This conceptual framework is shown in
Figure 8.1, followed by an overview of the conducted empirical research in Table 8.1.

Product
development fault
J
Moderatin .
. & Usage behavior
variables N
N
N _ ¥
\
S Consumer product
interaction problem
Consumer knowledge
* Objective expertise Cognitive processing
* Subjective expertise * Expectation
* Objective familiarity disconfirmation
* Subjective familirity * Failure attribution
* Core/ supplemental domains v
Consumer-
perceived failure
Research focus T,
.....,..* v
Consumer’s affective,
emotional and behavioral
response to a
perceived failure

Figure 8.1 Overview of the conceptual framework used in this dissertation
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Overview of set-up of empirical research

Table 8.1
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Based on this conceptual framework, the following main research question was addressed in
the remainder of the dissertation:

How does consumer knowledge affect usage behavior and failure attribution
of consumer electronics?

To answer this research question, three sub research questions were derived:
1. How can consumers be differentiated on knowledge of consumer electronics?
2. How does consumer knowledge affect usage behavior of consumer electronics?

3. How does consumer knowledge affect attribution of product failures in consumer

electronics?

An overview of the main conclusions for each of the sub research questions is shown on the
next page in Table 8.2. In the following sections the findings for each of these sub research
questions are discussed in more detail, followed by a section in which the overall conclusions
for the main research question are discussed.

8.1.2 Differentiation of consumers on knowledge of complex CE

Across all the studies conducted in Chapter 4, 6 and 7, several conclusions can be drawn on
the differentiation of consumers on knowledge of complex CE. First of all, the research
presented in this dissertation demonstrated the successful development and validation of
measurements for different consumer knowledge constructs of (LCD) TVs. The final
measurement scales for subjective expertise (two items), subjective familiarity (three items)
and objective familiarity (one item) used in Chapter 6 and 7 proved to have sufficient
convergent and discriminant validity and acceptable levels of scale reliability (Cronbach’s
alpha = 0.6 — 0.8). For objective expertise a completely new, product specific, scale (11
multiple choice and check-all-that-apply items) was developed based upon a literature review
and input from DTV system experts. This scale proved to be reliable (Cronbach’s alpha > 0.8)
and all the items demonstrated acceptable levels of item difficulty and discriminatory power
for a heterogeneous sample (Chapter 6). For more homogenous samples, such as university
students and employees (Chapter 7), some items lacked discriminatory power and/or were too
easy and were removed. Consequently, the complete objective expertise scale is only valid for
measuring factual knowledge of LCD TVs for heterogeneous samples and caution must be
taken when applying this measurement in another context or for a different sample.
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Overview of main conclusions for the sub research questions

Table 8.2
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Secondly, the results of the study discussed in Chapter 4 showed mixed results for the validity
of the use of core and supplemental domains to differentiate consumers on knowledge of
complex CE. The results showed that the subjective expertise and subjective familiarity scales
of both knowledge domains are significantly correlated (0.6 and 0.5 respectively) which
resulted in an unequal distribution of consumers across the four hypothesized consumer
knowledge segments. Although the items refer to distinctly different product domains, from a
consumer perspective the perceived level of expertise and perceived level of familiarity
appear to refer to a more general level of confidence in using and interest in CE respectively.
Because a differentiation on objective familiarity of both knowledge domains resulted in an
equal distribution of consumers among the consumer knowledge segments, the results of this
study suggest that only objective measurements of consumer knowledge can be used when
differentiating consumers on multiple knowledge domains of CE.

Next, across the studies similar correlations between consumer knowledge constructs were
observed. In the studies discussed in Chapters 6 and 7, a significant and similar correlation of
0.591 was observed between objective and subjective expertise of LCD TVs which is in line
with the results of a meta-analysis on consumer knowledge construct correlations by Carlson
et al. (2009). However, in contrast to previous research on consumer knowledge
measurements of complex CE (e.g. Cordell (1997), the results of the three different surveys
show that there is no correlation between objective familiarity of TVs and subjective or
objective expertise of TVs. As, for the computer domain, these constructs did significantly
correlate in line with previous research, these results suggest that usage experience of TVs,
which is mostly a relatively “passive” form of interaction (compared to digital cameras or
computers), not necessarily results in higher levels of (perceived) expertise. Consequences of
these differences are further discussed in section 8.2.

Finally, when comparing the differentiation of consumers on consumer knowledge across the
different studies, the results clearly show an effect of the heterogeneity of the sample on the
spread of the consumer knowledge measurements. Although the separate confounding effect
of demographic variables on the dependent variables was limited, the results show that age,
gender and educational level (Chapter 7) affect the level of consumer knowledge for different
measurements (e.g. age positively affects the level of usage experience and negatively affects
objective and subjective expertise of TVs). Consequently, the selection of consumer
knowledge constructs as criterion for differentiating consumers for a consumer test depends
on the target consumer group for a product (e.g. a very narrow homogeneous consumer group
versus mass consumer markets), the type of product (e.g. passive versus active interaction)
and the goal of the consumer test.

8.1.3 Effect of consumer knowledge on product usage behavior

The results of the laboratory experiment discussed in Chapter 5 show that participants with
higher levels of subjective expertise are able to complete significantly more tasks, need
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significantly less time and detour steps to complete the tasks and displayed usage patterns
which conform significantly more to the designers’ usage model than participants with lower
levels of subjective expertise. For the effect of subjective expertise on the number of steps
needed to complete the task and for the interaction effects between subjective expertise and
task complexity no significant results were found. Due to the high correlation between the
subjective expertise measurements, no differences between the effect of subjective expertise
on the core and supplemental domains on product usage behavior were found.

However, for the effect of objective familiarity, compared to the hypothesis, opposite results
were found: the overall effect of objective familiarity of computers on task effectiveness and
efficiency is significant while the effect of objective familiarity of TVs is not significant. This
opposite result could be explained by the fact that usage experience of TVs mostly relates to a
relatively “passive” form of interaction while usage experience of computers can relate to a
broader scope of tasks and interactions. Consequently, only partial support was found for
explaining differences in product usage behavior by differentiating on core and supplemental
knowledge domains. Since subjective expertise mostly relates to confidence in the level of
knowledge on a certain product, the effect of subjective expertise on two different but also
similar technically complex products does not differ that much. Nevertheless, the overall
effect of subjective expertise on product usage behavior is significantly stronger than the
overall effect of objective familiarity. In other words, differences in perceived factual
knowledge stronger relate to differences in consumer behavior than differences in usage
experience. Although the effect of experience with a product or task (i.e. objective familiarity)
on usability has already been validated in usability literature (e.g. see Nielsen (1993) and
Ziefle (2002)), the findings of this experiment demonstrate that there is an even stronger
effect for expertise constructs.

Finally, the results of the process mining analysis showed that for the dual screen and switch
channel task, participants with lower subjective expertise experienced more and different
interaction problems than participants with higher levels of subjective expertise. The
inconsistent effect for the digital picture task could be explained by the experimental design
and/or the “plug & play” design of the multimedia browser interface. Participants with a
higher level of subjective expertise first needed to understand the automatic start-up of this
functionality while participants with a lower level of expertise automatically followed the
support given by the information on the UI. These findings help product developers and
designers to better understand differences in product usage behavior when consumers
encounter interaction problems and they can therefore help to take better design decisions.

8.1.4 Effect of consumer knowledge on failure attribution

To investigate the effect of consumer knowledge on failure attribution, an Internet-based and
a laboratory experiment were conducted. Given the methodological and resource constraints
of this research project, a choice was made to use a scenario-based evaluation of the
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perception of picture quality failures in LCD TVs while differentiating on two different
failure characteristics: failure cause (i.e. a failure cause by TV internal versus TV external
factors) and failure impact (i.e. a failure with high versus low impact on TV picture quality).

First of all, the results of both studies confirmed the hypothesis stating that objective expertise
has a stronger effect on failure attribution than the other consumer knowledge constructs.
Moreover, only the effect of objective expertise on failure attribution is significant. This result
shows that only objective expertise differences affect differences in consumer perception of
product failures. This has important implications because currently used test methods often
differentiate consumers on previous experience (i.e. familiarity) with a product.

Secondly, the results of both studies demonstrate that both failure cause and failure impact do
not significantly affect how consumers attribute the failures. Although previous research by
Silvera and Laufer (2005) shows that extreme differentiation on failure impact affects the
extremity of attributions, the results of the study in Chapter 7 show that within the practical
limitations for realism of failure scenarios in CE, this effect is not significant. However, in
both studies the effect of objective expertise on attribution locus is significant, albeit not
consistently in accordance with the physical cause of the failure. For both the noise scenario
(Chapter 6) and the frame skips scenario (Chapter 7), consumers with higher levels of
objective expertise attribute the failure more in accordance with the physical cause of the
failure. In contrast, for the blocking artefacts scenario (Chapter 6), consumers with higher
levels of objective expertise attribute the failure stronger to external causes, which is not in
accordance with the physical cause of the failure. Consequently, the results of both studies
show that higher levels of objective expertise on a product do not automatically result in
attributions that are more in accordance with the real physical cause of the failure. It seems
that the effect of objective expertise on attribution locus depends on both the type of failure
and previous experience with related (but not the same) failures with a comparable effect on
the functioning of a product (i.e. blocking artefacts are common when using a digital cable
signal but usually have a different duration and impact on picture quality compared to the
blocking artefacts caused by software faults).

The results of the coding of the open response attribution measurements in both studies show
that consumers, when asked to reflect on all possible realistic causes of the failures shown in
the scenarios, attribute the failure to a large spectrum of causes of which many are considered
as highly unlikely by DTV system experts. Furthermore, the results of the Internet-based
experiment support the hypothesis that consumers with higher levels of objective expertise
attribute failures to more different causes than consumers with lower levels of objective
expertise. Although higher levels of objective expertise result in more extreme and not
necessarily more correct attributions, the attribution itself has more dimensions and is more
refined. The analysis of the results of the study discussed in Chapter 7 do not show a similar
significant effect which could be due to the small spread on objective expertise for the sample
used in this study.
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Finally, the failure attribution studies show that both age (for both studies) and failure
experience (Chapter 6) affect the strength of the effect of objective expertise on failure
attribution. The results also show that prior beliefs on LCD TVs and motivation to use an
LCD TV do not strengthen or lessen the effect of objective expertise on failure attribution.
Consequently, these results confirm that the effect of consumer knowledge on consumer
behavior must be studied with specifically tailored moderating variables to evaluate the
strength of the effect.

8.1.5 General conclusions

This dissertation started with the observation that the field of CE is increasingly challenging
for product design and development. One of those challenges is that product designers and
developers need more insight into differences in consumer groups beyond using themselves as
“target user” (A. Cooper, 1999, p. 17; Norman, 1998, p. 155; Hasdogan, 1996) to be able to
better predict and prevent consumer dissatisfaction and complaints (Den Ouden, 2006, p. 58).
This research addresses this gap and shows that it is too easy to simply state that the
consumers and designers perceive a product’s functioning and failures differently.

This research shows that, when evaluating the effect of consumer diversity on fault-complaint
propagation, consumer knowledge can be used to differentiate product use and failure
attribution for DTV systems. However, especially for failure attribution this effect is not
consistent across different types of failures and is in most cases only significant for objective
expertise differences that are not commonly addressed in consumer profiles. Especially in the
context of fast evolving complex CE, objective expertise measurements are important because
familiarity or subjective expertise measurements on the (technical) functioning of currently
available products can quickly become “incorrect” or “incomplete” for the next generation of
products.

This research also demonstrates that the classical Q&R fault-complaint propagation model
does not cover all potential reasons for consumer dissatisfaction and complaints. The adjusted
fault-complaint propagation model from a consumer perspective, which incorporates the
consumer’s perception of product failures, incorporates a broader spectrum of potential
antecedents and provides insight into how consumer diversity can affect this propagation on
different levels and via different consumer behavioral mechanisms.

In the increasingly challenging field of CE, differentiation on consumer knowledge constructs
and the applied attributional approach with which differences in the consumer’s perception
and reasoning about product failures and its causes can be evaluated, can potentially give
product designers and developers insight into how design decisions affect the occurrence of
CPFs and consumer dissatisfaction for diverse consumer groups early in PDPs.
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8.2 Research contributions

8.2.1 Theoretical implications

Based on the conclusions drawn in section 8.1, the following implications for theory can be
deducted.

Insight into fault-complaint propagation from a consumer perspective

The first important theoretical contribution of this research project is the modeling of the
propagation of product development faults to consumer complaints by combining aspects
from both classical Q&R and consumer behavioral models. This model captures more
potential sources of consumer dissatisfaction and complaints (i.e. product development faults,
consumer diversity and the usage environment) than classical Q&R models and can therefore
potentially help to better understand the underlying factors of the propagation of product
development faults to consumer complaints in practice.

Set-up and validation of consumer knowledge measurements for complex CE

In this dissertation, measurements of four different consumer knowledge constructs (i.e.
subjective and objective familiarity and expertise) of LCD TVs (and partly for computers)
were either newly developed or selected and adjusted from previous research. The data
collected by using three different surveys with different samples support the validity and
reliability of these measurement scales and they can therefore be applied in further research
on LCD TVs and for other CE (in the case of subjective expertise, subjective familiarity and
objective familiarity).

Furthermore, the analyses of the correlations between the consumer knowledge constructs
contribute to consumer behavior research by showing that, in contrast with previous research
on for example digital cameras (Cordell, 1997), not for all product categories an increase in
product usage experience in terms of frequency in duration of use automatically results in
higher levels of product expertise. For complex CE, adjusted measurements of deeper level
interactions (e.g. using advanced menus) beyond the usage of basic functionalities are needed
as indicator for relevant usage experience which potentially leads to an increase in product
expertise.

Attribution of technological product failures

A third theoretical contribution of this dissertation is the validation of attribution
measurements in product-related failure situations of CE and the insight into the effect of
consumer knowledge on failure attribution. Although attribution theory itself is well-founded
in consumer behavior research and many studies addressed the attribution of service failures,
few papers could be found which specifically addressed how consumers arrive at attribution
of product failures (Folkes, 1988; Silvera & Laufer, 2005; Weiner, 2000).
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The findings of this dissertation contribute to attribution theory by specifically showing how
failure attribution can be measured for technological product failures and by showing how
different consumer knowledge constructs affect open-response and locus measurements of
this attribution. These results therefore further validate the results discussed in the failure
attribution study on photo development failures by Somasundaram (1993). Finally, the results
of this dissertation also show that more research is needed on the applicability and
measurement of the controllability (i.e. who is perceived to be in control of the cause of the
failure) and stability dimensions (i.e. is the failure perceived as being stable over time or
erratic) in the context of attribution of technological product failures. Since all the attribution
dimensions together can be a predictor of consumer complaint behavior and expectations on
the type of redress after submitting a complaint, it is important to further investigate the
applicability and measurement of these dimensions for failures in complex CE.

Contribution to validation of the UPFS research model developed by De Visser (2008)

A final theoretical contribution of this research is the partial validation of the UPFS research
model developed by De Visser (2008). Although this dissertation did not focus on the level of
product failure impact assessment, the results did provide insight into the effect of several
consumer characteristics (i.e. consumer knowledge and age) on CPFs which could eventually
result in differences in perceived failure severity. As such, the combination of the results of
both research projects contributes to a better understanding of which factors affect consumer
dissatisfaction and consumer complaints and supports failure prioritization and design
decision making from a consumer perspective in the PDP of complex CE.

8.2.2 Practical implications

Besides theoretical contributions, the following contributions to practice can be deducted
from the results of this research project.

Accounting for consumer diversity in product use and failure evaluation

First of all, the results presented in this dissertation have practical implications for the
selection of consumers for consumer tests when investigating differences in product use and
failure evaluation. While in practice participants for consumer and usability tests are
predominantly selected based on demographic and lifestyle based product adoption models
including a differentiation on product usage experience, the results of this research show that
differences on deeper level expertise measurements more strongly reflect differences in
product use and failure attribution than differences in usage experience. Consequently, when
specifically investigating whether consumers understand a product’s functioning, taking
expertise differences into account better reflects differences in consumer evaluation of
products and product failures. Depending on the specific goal of the study, the results of this
dissertation can help to select the appropriate consumer knowledge constructs to differentiate
consumer groups. For example, for investigating differences in usage behavior the easy-to-
apply subjective expertise or familiarity measurements can suffice while for investigating
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differences in perception of failure causes tailored objective expertise measurements are
required.

Attributional approach to gain insight into consumer perception of product failures

For the investigation of the effect of consumer knowledge on failure attribution, an
attributional approach was developed in Chapter 6 and 7 which can also be applied in practice
to evaluate consumer perception of product failures. The used approach can contribute to
consumer test practice on two aspects:

e The use of a scenario-based approach to evaluate consumer perception of product

failures: in this dissertation was shown how to set-up and validate failure scenarios to
evaluate how consumers perceive product failures. Although care must be taken when
projecting results of a scenario-based approach on real-life usage situations, it can help
designers to gain insight into how consumers deal with potential product failures in the
early stages of a PDP.

e Validated failure attribution measurements: in this dissertation failure attribution

measurements were adjusted to and validated in the context of CE products. These
measurements can be easily applied in practice when evaluating how consumers
perceive and respond to product failures.

Improving feedback loops in the PDP

The insights presented in this dissertation can be used to help customer service centers and
product designers and developers to better understand and subsequently diagnose CPFs and
consumer complaints, for field feedback as well as for consumer tests. This can help to
prioritize product failures from a consumer point of view and help to take the correct action
for improvement of the product design. Moreover, when also taking the other attribution
dimensions (i.e. perceived stability and controllability of the failure) into account, failure
attribution is even a predictor for consumer complaint behavior and type of redress expected
(Folkes, 1984).

Supporting consumers during use of complex CE

Understanding when and how consumers attribute product failures can give insight to
customer call centers to give better support to consumers when they experience problems. It
can also help designers to change design aspects to influence attribution. For example, in the
UI of several high-end TVs, on-screen information is added to guide the consumer when the
TV detects a bad signal quality. Furthermore, such insights can be used to improve the manual
and “help” instructions. Given the increasing number of complaints (Den Ouden, 2006) and
because it cannot be assumed that technology always works perfectly, research on how to
support consumers during use of complex technological products is essential when aiming for
a better consumer experience.
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Implications for TRADER

Finally, the results of this research project contribute to the TRADER project by showing the
complexity of factors underlying a consumer’s response to software reliability problems in
DTV systems. Not only the effect of software reliability improvements on aspects of system
reliability but also the consumer’s perception of these aspects of system reliability should be
taken into account. For a reliable TV of the future from a consumer’s perspective, failures
need to be analyzed, minimized and prioritized from both software reliability and a
consumer’s perception point of view.

8.3 Generalization

The research presented in this dissertation specifically dealt with investigating the impact of
different levels of consumer knowledge on product use and failure evaluation for innovative
LCD televisions. When generalizing this research in the context of increasingly ambient
intelligent products, it shows that methods such as “think like a consumer” or “expert
reviews” are insufficient in helping product designers and developers to cover the large
spectrum of problems related to how different consumers groups use these products and
perceive their behavior because:
¢ (lassic mental models of products do not match with new ambient intelligent products.
The mental models of product designers and developers overlap with a product’s
architecture but new ambient intelligent products are highly dynamic and are used by
highly dynamic consumer groups. These dynamic consumers groups will have varying
levels of (subjective and objective) knowledge on different knowledge domains
related to the product which will increasingly create potential for a mismatch of their
mental model with the mental model of the product designers and developers.
e Products no longer function in an isolated environment but operate together with a
class of products and services in a network together with the people who use it.

To address these developments, product designers and developers need to be aware that
consumer diversity can no longer be addressed only at the end of a PDP, but needs to be
addressed as part of an adaptive loop of design and use of a product.

Finally, it is important to note that because this research project and the TRADER project
combined insights from multiple disciplines (i.e. Technology Management, Marketing,
Information Systems and Consumer Behavior), this ensured that the research findings are
embedded in a relevant research and practical context. Although multidisciplinary research
presents challenges from both a methodological and a research presentation (e.g. wherever
one wants to present the research findings, they have to be rewritten to fit in a certain
scientific discipline) point of view, it does provide more insight into product development and
product usage in practice beyond a mono-disciplinary consumer behavioral or Q&R study.
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8.4 Limitations

As with all research, the present study contained several limitations of which the most
important are discussed in this section.

First of all, to account for the diversity of consumers and consumer groups in real life, a
quasi-experimental methodology with convenience samples was used in this dissertation. As
such, consumers were not randomly assigned to groups but were assigned based on occurring
characteristics. Because of this decision, only the strength and direction of the relationship
between consumer knowledge and product use and failure evaluation is validated, but no
conclusive causal relations can be drawn (Goodwin, 2005, p. 315; Stangor, 1998, Chapter 9).
Furthermore, for both the experiment discussed in Chapter 5 and the experiment discussed in
Chapter 7, the number of participants was less than preferred for MANOVA analyses (due to
time and resource constraints and because participants had to meet several inclusion criteria)
but still meet the minimum required sample size to allow for the use of such an analysis.
Therefore, the results need to be carefully evaluated and more research with a larger sample
size is needed to further validate the findings of these experiments.

Secondly, since all surveys and experiments were conducted by using a single product type,
1.e. an LCD TV, care needs to be taken when generalizing these results for complex CE in
general. However, analogies can be drawn with other CE where the consumer experience with
the media content on the device is an important determinant of consumer satisfaction, where
usage experience (in terms of frequency and duration of use) not necessarily also refers to
higher levels of expertise and where the product’s functioning (and perception of its
functioning) depends on its interactions with other products and services. Consider for
example a smart phone that can be used to watch online YouTube videos for which the
quality of the consumer experience depends on multiple parties (e.g. the device manufacturer,
the software developer, the service provider, the media content provider etc.). Next, as
discussed by De Visser (2008, p. 153), for other complex CE, similarly structured PDPs,
business trends, complex technologies and diversity in consumer groups apply. Based on
these similarities one can argue that the findings of this dissertation are also potentially
applicable for other complex CE such as multimedia entertainment centers or wireless music
stations.

Next, for the evaluation of the effect of consumer knowledge on failure attribution, mostly
video-based scenarios of implemented failures in picture quality of LCD TVs were used.
Although the selection and design of the failure scenarios was extensively pre-tested and
reviewed by DTV system experts and the experimental designs were successfully validated,
care must be taken when generalizing these results for consumer complaints in real-life
product usage situations. For example, experiencing a failure in a product you have recently
bought probably leads to a more negative response than when experiencing a failure in a
simulated failure setting for a product you do not own. Despite these disadvantages, the use of
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scenarios allowed for the exploration of more different types of failures in more controllable
settings than if they had to be realistically reproduced in a real LCD TV in a laboratory setting.

Finally, in Chapter 6 a web-based experiment with embedded video-based failure scenarios
was used to evaluate the spectrum of, and differences in, the consumer’s attribution of
different types of product failures. Although great care was taken to ensure the validity and
reliability of this method, the use of this method does also not allow for generalization of the
results of this experiment to the consumer’s attribution of the same failure in real-life product
usage situations.

8.5 Recommendations for future research

The research findings and conclusions discussed in the previous sections were fully validated
within the defined boundaries of this research project. Besides these contributions, the
research findings also provide suggestions for new research directions of which the most
important recommendations are discussed in this section.

Future research further validating the conceptual fault-complaint propagation model
The validation of the complete fault-complaint propagation model requires, similar as for the
validation of the UPFS model developed by De Visser (2008), a gradual approach in which
the (combined) effect of different antecedents (consumer characteristics, usage environment
and product development faults) on the different parts of the propagation model is further
evaluated.

Furthermore, for the studies discussed in this dissertation mainly video-based scenarios of
picture quality failures in LCD TVs were used. Although these failure scenarios were
carefully selected and designed in accordance with input from DTV system experts, future
research should investigate the effect of consumer knowledge on product usage and failure
evaluation for other products and failure types using different types of failure scenarios. For
example, future research could explore the possibilities to implement product failures in
realistic usage situations in which the participants had previous experience with the product
before being asked to reason about failure causes.

Finally, for both practical and methodological reasons the study discussed in Chapter 5 did
not evaluate the effect of objective expertise on usage behavior. Future research should
investigate this effect to further increase the generalization of differences between the effects
of the different consumer knowledge constructs.

Guiding product use and failure evaluation through design

The findings reported in the dissertation also call upon further research to investigate whether
changes in the product design itself can influence or reduce the effect of consumer knowledge
on product usage behavior (e.g. in case of “plug & play” functionalities) and whether changes
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in the product design can be used to influence attribution (e.g. adding on-screen display
information on the TV). An interesting research question in this context is whether specific
cues in the Ul, when consumers for example experience degradation in TV picture quality,
can “guide” attributions and as such can lead to more effective and efficient problem solving
strategies and a higher level of satisfaction.

Knowledge miscalibration

Finally, an interesting direction for future research could be to evaluate the separate effect of
so-called “knowledge miscalibration” (i.e. scoring high on subjective expertise and low on
objective expertise or the other way around) (Alba & Hutchinson, 2000; Carlson et al., 2009)
on product use and failure attribution. Although research on this phenomenon is still limited,
investigating this effect could be interesting in the context of fast evolving technology in CE
where a high level of objective expertise on a current product can quickly become outdated
for a future product. The result could be a miscalibration of knowledge for discontinuous and
even incremental innovations which in itself could have a stronger effect on decision making
in product failure situations than the level of factual knowledge itself (Carlson et al., 2009).
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Appendix 3.1 Measurement of teletext usage experience (in Dutch)*

Welke teletekstfuncties gebruikt u en hoe vaak gebruikt u die gemiddeld?

Teletekstfunctie Gebruiksfrequentie
Dagelijks | Dagelijks | Wekelijks Een Nooit Weet
meerdere enkele niet
keren keer
Nieuws ] ] L] [] [] L]
Televisiegids ] O] O] ] [] L]
Radiogids ] O] O] ] [] L]
Omroepinformatie
(zoals "Eros, BNN etc.) = = = - U U
Shownieuws /
filmnieuws / muziek / ] ] ] [] [] L]
uitgaan
Financién O ] ] L] [] L]
Sport ] O] O] ] [] L]
Weer ] ] L] [] [] L]
Reizen ] ] L] [] [] L]
Ondertiteling L] L] L] [] [ []
Overig, namelijk O O ] L] [] L]
_ [] [] [] [ [ []
- [] [] [] [ [ []

% An (not validated) English translation of the questionnaires in this Appendix can be obtained from the author.
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Op welke televisiekanalen gebruikt u teletekst en hoe vaak?

Televisiekanaal Gebruiksfrequentie teletekst
Dagelijks | Dagelijks | Wekelijks Een Nooit Weet
meerdere enkele niet
keren keer

Nederland 1, 2, 3 ] O ] ] ] ]
RTL 4,5,7 ] ] ] [ [l
mee o oo o]0
TMF / MTV / The Box ] ] ] ] ] ]
Talpa O ] O] O] L] []
Lokale zender O | ] ] ] L]
Belgische zenders ] ] ] O ] L]
Duitse zenders ] O] ] O ] L]
Engelse zenders O] O ] ] Ll []
Overig, namelijk O ] ] ] ] ]
_ [] Ll Ll Ll Ll Ll
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Appendix 3.2  Task list teletext experiment

Takenlijst TRADER consumententest teletekst gebruiksvriendelijkheid

Hieronder staan drie scenario's beschreven waarin informatie van teletekst nodig is. Wij
willen je vragen om in de onderstaande volgorde de benodigde informatie op te zoeken in
teletekst op Nederland 1, 2 of 3. Probeer hierbij net te doen alsof je je TV thuis ook gebruikt.

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 de TV niet uit mag zetten en
niet aan de kabels van de TV mag komen!

Probeer om de volgende informatie zo goed en volledig mogelijk op te zoeken in teletekst:

1. PSV scenario

Je bent een grote fan van het voetbalteam van PSV Eindhoven. Je bent net terug van vakantie
en je wilt graag weten:

e Wanneer PSV de volgende wedstrijd moet spelen

e Op welke positie PSV op de ranglijst staat
2. TV-gids scenario
Je hebt thuis geen TV-gids en je wilt graag weten of er vanavond leuke films zijn te zien op
de televisiekanalen RTLS5 en SBS6. Zoek op welke films er vanavond te zien zijn op RTLS en
SBS6.
3. Schiphol scenario
Je moet je partner afhalen op Schiphol en je weet niet hoe laat zijn/haar vliegtuig aankomt. Je

weet dat hij/zij aankomt met een vlucht uit Helsinki met vluchtnummer KL 1168. Zoek op
hoe laat het vliegtuig aankomt.

Bedankt voor je tijd!
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Appendix 4.1

Questionnaire items (Dutch translation)”

Construct Items Code Response scale
1. Ik weet vrij veel van televisies SubExTel_1
2. Ik heb niet het gevoel veel te weten SubExTel_2
van televisies s oint lik i
3.  In mijn vriendenkring ben ik een van SubExTel_3 point fiert scale:
de ‘experts’ op het gebied van . Me?e o
Subjective expertise L B *  Enigszins mee eens
televisions televisies *  Niet mee eens, niet mee
4. Vergeleken met de meeste andere SubExTel 4 oneens
mensen weet ik weinig van televisies *  Enigszins mee oneens
. . o e  Mee oneens
5. Wat televisies betreft weet ik niet erg SubExTel_5
veel
UseTel_1 5 point scale:

Television usage
(objective)

Familiarity:
information search
for television
purchase

Familiarity:
information search
during television
usage

Familiarity:
television usage
(subjective)

Hoeveel uur maakt u, over het algemeen,
gemiddeld per week gebruik van uw

televisie?

1. Als ik overweeg een televisie te kopen
raadpleeg ik meerdere
informatiebronnen

2. Als ik een televisie wil kopen, doe ik
vergeleken met de meeste andere
mensen niet veel moeite om informatie
op te zoeken

3. Als ik een televisie koop, zoek ik goed
advies voordat ik een beslissing neem

1. Ik maak weinig gebruik van de
handleiding van mijn televisie om
informatie op te zoeken over mijn
televisie

2. Ik zoek vaak naar informatie op het
Internet over het gebruik van mijn
televisie

3. Alsikiets wil weten over mijn
televisie vraag ik vaak om hulp aan
vrienden, collega’s of de helpdesk

1. Vergeleken met de meeste andere
mensen gebruik ik mijn televisie vaak

2. In mijn dagelijks leven kan ik niet
zonder mijn televisie

3. Vergeleken met de meeste andere
mensen maak ik weinig gebruik van
mijn televisie

SearchPTel_1

SearchPTel_2

SearchPTel_3

SearchUseTel_1

SearchUseTel_2

SearchUseTel_3

UseTel_2

UseTel_3

UseTel_4

Meer dan 20 uur per week
15 — 20 uur per week

10 — 15 uur per week

5 — 10 uur per week
Minder dan 5 uur per week

5 point likert scale

5 point likert scale

5 point likert scale

* An (not validated) English translation of the questionnaires in this Appendix can be obtained from the author.
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Construct

Familiarity: general
information search
on televisions

Subjective expertise
computers

Computer usage
(objective)

Familiarity:
information search
for computer
purchase

Familiarity:
information search
during computer
usage

Familiarity:
computer usage
(subjective)

Familiarity: general
information search
on computers

Intention-to-use
multimedia LCD
televisions
introduction

Items

1. Ik zoek regelmatig naar informatie
over nieuwe ontwikkelingen op het
gebied van televisies, ook al heb ik
geen nieuwe televisie nodig

2. Ik lees graag over televisies in
tijdschriften of op het Internet, omdat
het me interesseert.

3. Ik praat regelmatig met mijn vrienden
of collega’s over nieuwe
ontwikkelingen op het gebied van
televisies

Same as for subjective expertise
televisions (replace ‘televisies’ with
‘computers’)

Same as for television usage (replace
‘televisie’ with ‘computer’)

Same as for information search for
television purchase (replace ‘televisies’
with ‘computers’)

Same as for information search during
television purchase (replace ‘televisies’
with ‘computers’)

Same as for television usage (subjective)
(replace ‘televisies’ with ‘computers’)

Same as for general information search on
televisions (replace ‘televisies’ with
‘computers’)

Introduction text: De volgende stellingen
hebben betrekking op televisies met
multimedia toepassingen. Naast het kijken
van televisieprogramma’s en teletekst
hebben deze innovatieve televisies ook
andere functionaliteiten zoals een digitale
media reader en multimedia-aansluitingen.
Met een digitale media reader kunt u
bijvoorbeeld digitale foto’s bekijken op de
televisie. Met multimedia-aansluitingen
kunt u, naast het aansluiten van de televisie
op bijvoorbeeld een videorecorder of DVD
speller, de televisie (draadloos) aansluiten
op uw computer om vervolgens foto’s,
muziek of films van uw computer op uw
televisie af te spleen.

Code
SearchInfoTel_1

SearchInfoTel_2

SearchinfoTel_3

SubExCom_1 —
SubExCom_5

UseCom_1

SearchPCom_1 —
SearchPCom_3

SearchUSeCom_1
SearchUseCom_3
UseCom_2 —
UseCom_4
SearchInfoCom_1

SearchInfoCom_3

Response scale

5 point likert scale

5 point likert scale

Same as for television usage
(objective)

5 point likert scale

5 point likert scale

5 point likert scale

5 point likert scale
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Construct

Items

Code

Response scale

Intention-to-use:
effort expectancy

Ik verwacht dat mijn interactie met
een televisie met multimedia
toepassingen duidelijk en begrijpelijk
Zou zijn

Het zou gemakkelijk voor mij zijn om
het gebruik van een televisie met
multimediatoepassingen onder de knie
te krijgen

Ik zou een televisie met multimedia
toepassingen gemakkelijk te
gebruiken vinden

Het zou gemakkelijk zijn voor mij om
een televisie met multimedia
toepassingen te leren bedienen

EffExpMMTV_1

EffExpMMTV_2

EffExpMMTV_3

EffExpMMTV_4

5 point likert scale
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Appendix 4.2  Final solution for the basic factor analysis

Table A4.1 MSA and Bartlett’s test for the final factor solution for the basic factor analysis

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.877

Bartlett’s Test of Sphericity Approx. Chi-Square 4962.537

Sig. .000

Table A4.2  Pattern matrix of the basic factor analysis

Components
1 2 3 4 5 6

SearchPTel_1 0.941
SearchPTel_2 0.884
SearchPTel 3 0.883

SearchInfoTel 1 0.873
SearchInfoTel_2 0.932
SearchInfoTel_3 0.796

SearchPCom_1 -0.856
SearchPCom_2 -0.810
SearchPCom_3 -0.897

SearchInfoCom_1 -0.738
SearchInfoCom_2 -0.767
SearchInfoCom_3 -0.708

Extraction method: Principal components analysis
Rotation method: Oblimin with Kaiser Normalization
Rotation converged in nine iterations
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Appendix 4.3  Factor analysis of intention-to-use

Table A4.3 MSA and Bartlett’s test for the final factor solution of intention-to-use

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.853
Bartlett’s Test of Sphericity Approx. Chi-Square 1014.328
df 21
Sig. .000

Table A4.4 Pattern matrix of the final factor analysis of intention-to-use

Components

1 2
PerfExpMMTV_1 0.643
PerfExpMMTV_2 0.964
PerfExpMMTV_3 0.940
EffExpMMTV_1 0.525
EffExpMMTV_2 0.866
EffExpMMTV_3 0.918
EffExpMMTV_4 0.943

Extraction method: Principal components analysis
Rotation method: Oblimin with Kaiser Normalization
Rotation converged in six iterations
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Appendix 5.1 Introduction to experiment (in Dutch)®

De test die u zodadelijk gaat uitvoeren heeft betrekking op de gebruiksvriendelijkheid van de
LCD televisie die voor u staat. Stelt u zich voor dat u deze televisie enkele dagen geleden
heeft gekocht. Voor deze televisie heeft u €3250,- betaald. Inmiddels zijn alle kabels en
stekkers op de televisie aangesloten en zijn de TV zenders met behulp van de automatische
installatie geinstalleerd.

In de winkel heeft u gehoord van de verkoper dat deze televisie meer functies heeft dan uw
oude televisie. U wil deze functies graag uitproberen om te zien wat u ermee kunt. Op de
volgende pagina's staan drie verschillende taken die te maken hebben met de innovatieve
functies van deze televisie.

Wij willen u voor deze test vragen elke taak uit te voeren. Bij het uitvoeren van deze taken
vragen wij u op de volgende dingen te letten:

e Op elke pagina staat één taak beschreven. Graag eerst de taak uitvoeren en daarna pas
naar de volgende pagina gaan.

¢ Tijdens het uitvoeren van de taak willen wij u vragen hardop na te denken over elke
stap die u neemt om de taak uit te voeren. Dit zorgt ervoor dat wij uw denkproces
tijdens deze test kunnen volgen.

¢ Om de data van de test op te kunnen slaan willen wij u vragen niet aan de kabels van
de televisie te komen.

Tot slot willen wij u erop wijzen dat het tijdens deze test niet gaat om iets goed of fout doen.
Wij zijn geinteresseerd in uw ervaring met deze televisie om producten in de toekomst te
verbeteren.

% An (not validated) English translation of the questionnaires in this Appendix can be obtained from the author.
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Appendix 5.2  Task list (in Dutch)

Gebruik van dual screen (dual screen task)

De "dual screen" functie van deze televisie biedt u de mogelijkheid om tegelijkertijd twee TV
kanalen op het scherm van de televisie weer te geven.

Voor deze taak vragen wij u tegelijkertijd de zenders ''Nederland 2'" en '""Net 5" op het
televisiescherm te laten zien met behulp van de '"dual screen'' functie.

Vul na het uitvoeren van deze taak de bijbehorende vragenlijst in.

Een TV kanaal herprogrammeren (switch channel task)

Met behulp van de automatische installatie zijn de TV zenders op de televisie ingesteld.
Nederland 1 staat op kanaal 1, Nederland 2 op kanaal 2, RTL4 op kanaal 4 enzovoorts. Op uw
oude televisie had u RTL7 op kanaal 7 staan, maar de automatische installatie heeft deze
zender op deze televisie op een ander kanaal geprogrammeerd. U wilt graag de zenders op
deze televisie op dezelfde volgorde programmeren als op uw oude televisie.

Voor deze taak vragen wij u om RTL7 op kanaal 7 te programmeren.

Vul na het uitvoeren van deze taak de bijbehorende vragenlijst in.

Digitale foto’s bekijken (digital picture task)

De verkoper in de winkel heeft u verteld dat u op deze televisie digitale foto's kunt bekijken
die op een USB stick of geheugenkaart staan. Omdat u vaak digitale foto's maakt, wilt u deze
functie graag uitproberen.

Voor deze taak vragen wij u om de digitale foto's die op de USB stick staan, te bekijken
op de televisie.

Vul na het uitvoeren van deze taak de bijbehorende vragenlijst in.
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Appendix 5.3 Task exit questionnaire (in Dutch)

Onderstaande vragen hebben betrekking op het gebruik van de (dual screen / TV kanaal /
digitale foto) functie.

Omcirkel bij elke vraag het antwoord dat het beste uw mening weergeefft.

1. Over het algemeen ben ik tevreden over het gemak waarmee ik deze taak kon
uitvoeren.

Volledig mee 1 2 3 4 5 6 7 Volledig mee

oneens eens

2. Over het algemeen ben ik tevreden over de snelheid waarmee ik deze taak kon
uitvoeren.

Volledig mee 1 2 3 4 5 6 7 Volledig mee

oneens eens

3. Over het algemeen ben ik tevreden over de beschikbare ondersteunende informatie

(handleiding, informatie op het televisiescherm) voor het uitvoeren van deze taak.

Volledig mee 1 2 3 4 5 6 7 Volledig mee

oneens eens

4. Heeft uw eigen televisie thuis een (vergelijkbare) functie die u bij deze taak heeft
gebruikt?

[ ]Ja
[ ] Nee

[ ] Weet niet
5. Heeft u ervaring met het gebruik van deze functie (of een vergelijkbare functie) op een
televisie?

[]Ja
[ ] Nee

[ ] Weet niet
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Appendix 5.4

Participants characteristics based on differentiation

on subjective expertise of computers

Table AS.1 Overview of participant characteristics based on differentiation on subjective
expertise of computers
High SubExCom (n = 15) Low SubExCom (n = 14)

mean S.D. range mean S.D. range
Age 35.67 12.51 22 -59 52.00 12.04 31 -67
Intention-to- 4.21 0.83 2.29-5.00 3.42 1.07 1.00 — 4.86
use
SubExTel 3.95 1.07 1.80 - 5.00 1.83 0.48 1.00 — 2.60
SubFamTel 2.99 1.14 0.75 -4.38 2.83 0.79 1.13-3.88
ObjFamTel 3.27 1.39 1.00 - 5.00 4.00 0.96 2.00-5.00
SubExCom 4.32 0.76 2.80-5.00 1.89 0.49 1.00 — 2.60
SubFamCom 3.76 1.18 1.00 - 5.00 2.58 1.06 0.33 - 3.56
ObjFamCom 4.33 1.40 1.00 - 5.00 3.64 1.60 0.00 - 5.00

High SubExCom group: 13 males and 2 females

Low SubExCom group: 6 males and 8 females

Results of separate pair-wise Mann Whitney U tests showed significant differences between

the knowledge groups on subjective expertise of computers (p < 0.001), subjective expertise

of televisions (p < 0.001), subjective familiarity with computers (p < 0.01), intention-to-use
(p <0.05), age (p <0.01) and gender (p < 0.05).
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MANOVA results for evaluation of the effect of

Appendix 5.5

subjective expertise
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Table AS5.3 Test of between-subjects effects for MANOV A with subjective expertise of

TVs
Type 111 Partial
Dependent sbe Mean . artia Observed
Source i sum of df F Sig. eta .
variable square power
squares squared
Time 719.346" 5 143.869 5.010 .001 269 976
Corrected b
model Levelup 23.292 5 4.658 5.628 .000 293 988
Steps 2.854°¢ 5 571 8.277 .000 378 999
Time 18160.867 | 1 | 18160.867 | 632.398 | .000 903 1.000
Intercept Levelup 111.078 1 111.078 134.195 | .000 .664 1.000
Steps 75.549 1 75.549 1095.536 | .000 942 1.000
Task Time 206.584 2 103.292 3.597 .033 .096 .648
comblexit Levelup 16.210 2 8.105 9.792 .000 224 979
Xi
p y Steps 2.340 2 1.170 16.969 | .000 333 1.000
Time 525.087 1 525.087 18.285 | .000 212 988
SubExTel
rou Levelup 2.735 1 2.735 3.304 .074 .046 433
S Steps 131 1 131 1903 | 172 | 027 275
Task
ase Time 69.190 | 2 | 34595 | 1205 | 306 | .034 255
complexity
£
Levelup 5.995 2 2.997 3.621 .032 .096 .651
SubExTel
group Steps 448 2 224 3.252 .045 .087 .601
Time 1952.788 | 68 28.717
Error Levelup 56.286 68 .828
Steps 4.689 68 .069
Time 20503.000 | 74
Total Levelup 177.000 | 74
Steps 81.145 74
Corrected Time 2672.134 | 73
total Levelup 79.578 73
Steps 7.543 73

o o0 o o

R squared = 0.269 (Adjusted R squared = 0.215)
Computed using alpha = 0.05

R squared = 0.293 (Adjusted R squared = 0.241)
R squared = 0.378 (Adjusted R squared = 0.333)
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Table AS.S Test of between-subjects effects for MANOV A with subjective expertise of

computers
Dependent Type Il Mean . Fartial Observed
Source i sum of df F Sig. eta N
variable square power
squares squared
Time 753.829" 5 150.766 5.344 | .000 282 983
Corrected .
model Levelup 20.990 5 4.198 4.872 | .001 264 973
Steps 2.608° 5 522 7.188 | .000 346 998
Time 17918.613 | 1 | 17918.613 | 635.178 | .000 903 1.000
Intercept Levelup 110.272 1 110.272 | 127.988 | .000 .653 1.000
Steps 72.034 1 72.034 ] 992.590 | .000 936 1.000
Task Time 239915 2 119.958 4252 | .018 A11 725
complexity Levelup 17.131 2 8.566 9.942 | .000 226 981
Steps 2.293 2 1.146 15.795 | .000 317 999
SubExCom Time 571.272 1 571.272 | 20.250 | .000 229 993
aroup Levelup 2.616 1 2.616 3.036 | .086 .043 404
Steps .104 1 .104 1.431 | .236 021 218
Task Time 30795 | 2 | 15398 | 546 | 582 | 016 137
complexity
i Levelup 3.906 2 1.953 2267 | .111 .063 446
SubExCom
group Steps 226 2 113 1.558 | 218 .044 320
Time 1918.305 | 68 28.210
Error Levelup 58.588 68 .862
Steps 4.935 68 073
Time 20503.000 | 74
Total Levelup 177.000 74
Steps 81.145 74
Time 2672.134 | 73
t((:)(t);:'ected Levelup 79.578 73
Steps 7.543 73
a R squared = 0.282 (Adjusted R squared = 0.229)
b Computed using alpha = 0.05
Cc R squared = 0.264 (Adjusted R squared = 0.210)
d R squared = 0.346 (Adjusted R squared = 0.298)
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Appendix 5.6
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Figure AS5.2 Designed usage model of digital picture task
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Appendix 5.7 Mined heuristic models of the tasks

Figure A5.4 Mined heuristic model of digital picture task (high subjective expertise)
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Figure AS.5 Mined heuristic model of digital picture task (low subjective expertise)
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Figure A5.6 Mined heuristic model of switch channel task (high subjective expertise)
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Figure AS5.7 Mined heuristic model of switch channel task (low subjective expertise)
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Appendix 5.8 Performance sequence diagrams for the tasks

Table AS.6  Performance sequence diagram statistics for digital picture task

Pattern 0 Pattern 1
Average throughput time (s) 175.89 100.77
Minimum throughput time (s) 51.56 76.52
Maximum throughput time (s) 419.64 153.49
S.D. throughput time (s) 135.68 36.04
Frequency 7 4

Table AS5.7 Performance sequence diagram statistics for switch channel task

Pattern 0

Average throughput time (s)
Minimum throughput time (s)
Maximum throughput time (s)
S.D. throughput time (s)
Frequency
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Appendix 6.1

Construct

Questionnaire items (in Dutch)®

Item

Response scale

Subjective familiarity
televisions

Objective familiarity
televisions

Subjective expertise LCD
televisions

Objective expertise
LCD televisions

(correct answer printed in
bold)

Ik maak veel gebruik van een televisie.
Vergeleken met de meeste andere
mensen maak ik weinig gebruik van een
televisie

o =

Hoeveel uur maakt u gemiddeld per week
gebruik van een televisie?

1. Vergeleken met de meeste andere
mensen weet ik weinig van LCD
televisies

2. Ik weet vrij veel van LCD televisies

1. Waar staat de afkorting LCD voor in de
term "LCD televisie"?

2. Waar staat de term "Hertz" voor als we
spreken over een LCD televisie die
beelden kan weergeven tot 100 Hertz?

3. Zogenaamde "ruis" of "sneeuw" op het
volledige beeldscherm van een LCD
televisie wordt meestal veroorzaakt
door...?

4.  Wat is het minimum aantal beeldlijnen om
volgens de standaard te kunnen spreken
van HDTV (High Definition Television)?

5. Waarom zijn LCD televisies zoveel dunner
dan de oudere televisies?

5 point likert scale:

e  Volledig mee eens

Enigszins mee eens

Niet mee eens, niet mee oneens
Enigszins mee oneens
Volledig mee oneens

Open response

5 point likert scale

Multiple choice:

A. Led Coordination Display

B. Liquid Crystal Display

C. Living Colour Display

D. Light Compact Display

E. Ik weet het niet

A. Rekeneenheid voor de helderheid

van het beeld

Rekeneenheid voor de
contrastwaarde van het beeld
Rekeneenheid voor de frequentie
van de beeldverversing
Rekeneenheid voor de resolutie van
het beeld

Ik weet het niet

o

o A0

Defecte pixels

Fout in de software van de televisie
Kwaliteit van het inkomende
signaal

Het beeldformaat

Ik weet het niet

480
576
720
1080

Ik weet het niet

> moQw» WO Aawx» &

De beeldbuis die vroeger heel dik

was, is door toepassing van nieuwe

technologie in omvang gereduceerd

LCD televisies bestaan uit veel

kleine beeldbuizen

C. LCD televisies gebruiken kleine
LED lampen in plaats van een
beeldbuis

D. LCD televisies gebruiken
vloeibare kristallen tussen twee
glazen platen met daarachter een
grote lamp

E. Ik weet het niet

®

3! An (not validated) English translation of the questionnaires in this Appendix can be obtained from the author.
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Construct Item Response scale

7. Via welke van de onderstaande Check all that apply:
aansluitingen op een LCD televisie wordt A. HDMI
beeld en/of geluid digitaal doorgegeven? B. DVI
C. S-Video
D. VGA
E. SCART
F.  Geen van bovenstaande
G. Ik weet het niet

Yes
e No
Ik weet het niet

De pixels in een LCD televisie worden
aangestuurd door software

. De beeldkwaliteit van een LCD televisie
hangt af van de kwaliteit van de hardware
EN van de kwaliteit van de software van

de televisie

e [k weet het niet

Product expectations Ik verwacht dat een dergelijke LCD

televisie betrouwbaar is

2. Ik verwacht dat een dergelijke LCD
televisie een hoge beeldkwaliteit heft

3. Ik verwacht dat een dergelijke LCD

televisie foutloos zal werken

5 point likert scale

Dichotomous:
* Yes
e No

Failure perception Tijdens het kijken van de film op de LCD
televisie, zag u iets wat u zou classificeren als
een fout of een storing?

Let op: Het gaat hierbij om de film

weergegeven op de getoonde televisie
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Construct

Failure experience

Failure attribution
scenario introduction

232

Item

Heeft u deze fout zelf al een keer zien optreden in een televisie?

In dit onderdeel van de vragenlijst willen wij graag uw mening
weten over de kwaliteit van een LCD televisie die wij in de
volgende pagina in een opgenomen video laten zien. Deze video
laat een LCD televisie zien in een huiskamer waarop een
actiefilm wordt getoond die via de kabel worden uitgezonden.
Deze LCD televisie is in de winkel verkrijgbaar voor gemiddeld
€2500,-. Naast het kijken van televisieprogramma's heeft deze
televisie ook de beschikking over functionaliteiten zoals het laten
zien van digitale foto's en een PC link waarmee je verbinding
kunt maken met een computer.

De video duurt ongeveer 90 seconden en wordt afgespeeld
zonder geluid. Wanneer u op "Volgende" klikt wordt een nieuwe
pagina van de vragenlijst geopend waarin deze video automatisch
wordt afgespeeld.

Het is hierbij belangrijk om de volledige video te bekijken, van
het begin tot het einde.

Response scale

Dichtomous: yes / no




Construct Item Response scale

Causal dimension scale - . Deze fout zal altijd op deze manier optreden — Het is niet 5 point scale with the

stability zeker dat deze fout nog een keer op deze manier zal two items (see items
optreden

2. Ik verwacht dat de kwaliteit van deze TV gelijk zal blijven
— Ik verwacht dat de kwaliteit van deze TV zal veranderen

column) as extremes

3. De oorzaak van deze fout zal nooit veranderen — De
oorzaak van deze fout is elke keer verschillend
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Appendix 6.2  Validation of objective expertise measurement scale

Table A6.1 Analysis of validity of objective expertise items

Objective Mean Point-biserial
expertise item | (= p-value) . correlation

1 .62 487 .570

57 496 495
3 .76 426 295
4 21 411 355
5 44 497 .605
6 18 381 421
7 54 499 489
8 42 495 587
9 47 .500 431
10 25 434 403
11 .61 488 .486
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Appendix 6.3 MANOVA results - final solution
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Table A6.3 Test of between-subjects effects for MANOVA with objective expertise and
age and TV expectations as moderating variables

Type 11

Partial

Source Depe.ndent sum of df Mean F Sig. eta Observebd
variable square power
squares squared
PQ 24.625° | 8 3.078 3.323 | .001 072 974
i‘:{e“i“ed Impact 5778° | 8 722 480 | .870 | .o11 224
Att_locus | 37.103% | 8 4.638 3.824 | .000 | .081 989
PQ 168344 | 1 | 168344 | 181.727 | .000 | .345 1.000
Intercept Impact 569.085 | 1 | 569.085 | 378.406 | .000 | .523 1.000
Att_locus | 357.805 | 1 | 357.805 | 294.978 | .000 | .461 1.000
PQ 5.565 1 5.565 6.008 | .015| .017 686
Age Impact 010 1 010 007 | .935] .000 051
Att_locus 2.330 1 2.330 1.920 | .167 | .006 282
PQ 1.832 1 1.832 1.977 | .161 .006 289
Failure 1760 | 1| 1760 | 1176 | 279 | 003 191
Origin Impact . . . . . .
Att_locus 2.075 1 2.075 1711 | .192 | .005 257
Objective PQ 4.782 1 4782 5162 | .024| .015 620
expertise Impact 237 1 237 158 | 692 .000 068
group Att_locus | 23.056 1 23.056 | 19.007 | .000 | .052 992
PQ 6.069 1 6.069 6.551 | .011 019 723
Failure
. Impact 067 1 067 045 | 833 | .000 055
experience
Att_locus 5.244 1 5.244 4323 |.038| .012 545
Failure PQ 627 1 627 677 | 411 .002 130
origin * Impact 2.404 1 2.404 1598 | 207 | .005 243
Objective
expertise Att_locus 3.998 1 3.998 3296 | .070 | .009 441
group
Failure PQ 335 1 335 362 | .548 | .001 .092
origin * Impact 045 1 045 030 | .862 | .000 053
failure
experience | Att_locus 899 1 899 741 | 390 .002 138
Objective PQ 403 1 403 435 | 510 001 101
expertise Impact 014 1 014 009 |.924 | .000 051
group *
failure Att_locus 1.429 1 1.429 1.178 | 279 | .003 191
experience
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Dependent Type IIT Mean . Fartial Observed
Source . sum of df F Sig. eta b
variable square power
squares squared
Failure PQ 1.495 | 1.495 1.614 | 205 .005 245
origin *
objective Impact 424 1 424 282 .596 .001 .083
expertise
&
e | Atdocus | 1936 | 1| 1936 | 1596 |.207] .00 243
experience
PQ 319.592 | 345 926
Error Impact 518.846 | 345 1.504
Att_locus | 418.482 | 345 1.213
PQ 1571.000 | 354
Total Impact 6423.000 | 354
Att_locus | 4667.000 | 354
PQ 344.218 | 353
Co:‘(l)‘faclted Impact 524.624 | 353
Att_locus 455.585 | 353

o 6 o W

R squared = 0.072 (Adjusted R squared = 0.050)
Computed using alpha = 0.05

R squared = 0.011 (Adjusted R squared = -0.012)
R squared = 0.081 (Adjusted R squared = 0.060)
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Appendices Chapter 7
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Appendix 7.1

Construct

Added objective expertise items (in Dutch)”

Item

Response scale

Additional items
to measure
objective
expertise of LCD
televisions
(correct answer
printed in bold)

12. De automatische installatie van televisie
zenders heeft de zender RTL4 op uw LCD
televisie op kanaal 20 gezet. U wilt dit
veranderen en RTL4 op kanaal 4
installeren. Hoe pakt u dit aan?

13. Stelt u zich de volgende situatie voor: U
heeft een LCD televisie die is aangesloten
op een analoog kabelsignaal. Verder heeft
u geen randapparatuur zoals een set-top
box of harddisk recorder aangesloten.

Na enkele maanden van gebruik doet zicht
het volgende probleem voor: Nadat u de
LCD televisie heeft aangezet, merkt u op
dat alle zenders op uw televisie geen beeld
en geen geluid hebben terwijl het power
lampje van de televisie aan is. Wat is het
eerste dat u doet om het probleem op te
lossen?

14. Stelt u zich de volgende situatie voor: U
heeft een LCD televisie gekocht en u heeft
deze thuis aangesloten op een analoog
kabelsignaal. Verder heeft u geen
randapparatuur zoals een set-top box of
harddisk recorder aangesloten. Na
installatie van alle televisie zenders merkt
u op dat op alle zenders het geluid goed is,
maar een slechte kleur of soms zelfs geen
beeld hebben. Wat is het eerste dat u doet
om het probleem op te lossen?

Multiple choice:
A. Ik zet de televisie uit en vervolgens weer
aan

B. Ik doe de automatische installatie van de
televisie zenders opnieuw

C. Ik gain het menu van de televisie naar
handmatig instellen van de zender

D. Ik zet in het menu van de televisie de
televisie terug naar de fabrieksinstellingen

E. Ik weet het niet

Multiple choice:

A. Ik installeer de zenders opnieuw

B. Ik controleer de kabelaansluiting van
het televisie signaal

C. Ik zet de televisie uit en daarna weer aan

D. Ik pas de instellingen voor kleur, contrast,

tint en helderheid aan

Ik weet het niet

tm

Multiple choice:

A. Ik pas de instellingen voor kleur,
contrast, tint en helderheid van het
beeld aan

B. Ik controleer of de stekker goed in het
stopcontact zit

C. Ik installeer de televisie zenders opnieuw

D. Ik controleer of de kabel voor het

televisiesignaal goed is aangesloten
E. Ik weet het niet

32 An (not validated) English translation of the questionnaires in this Appendix can be obtained from the author.
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Appendix 7.2 Experiment questionnaire items (in Dutch)

Experiment
introduction

Product
expectations

Picture quality

Dit experiment gaat over de kwaliteit van LCD televisies. De resultaten
van dit onderzoek worden gebruikt om de kwaliteit van toekomstige LCD
televisies te verbeteren. Voor dit experiment stellen wij jou in deze
vragenlijst tien vragen over een video die getoond wordt op de LCD
televisie die voor je staat.

See Appendix 6.1

See Appendix 6.1

Failure impact

See Appendix 6.1
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Construct Item Response scale

Causal dimension See Appendix 6.1
scale — locus

Causal dimension See Appendix 6.1
scale —
controllability

Problem solving Als jij dit probleem thuis zou ondervinden met deze Open response
strategy LCD televisie, wat zou jij als eerste doen om dit
probleem op te lossen?
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Appendix 7.3

Table A7.1  Analysis of validity of all objective expertise items

Validation of objective expertise measurement scale

Objective Mean Point-biserial
expertise item (= p—value) correlation
1 .90 307 .366
2 97 .184 354
3 .86 .348 113
4 31 467 .240
5 .88 .329 177
6 34 479 204
7 48 .504 357
8 72 451 .558
9 .79 .409 426
10 .53 .503 .068
11 .78 421 .697
12 .98 131 -.150
13 74 442 -.003
14 17 381 -.081

Table A7.2  Analysis of validity of included objective expertise items

Objective Mean Point-biserial
expertise item (= p—value) correlation
1 .90 .307 419
3 .86 .348 197
4 31 467 245
5 .88 329 143
6 .34 479 284
7 48 504 440
8 72 451 .560
9 .79 409 528
11 .78 421 .660

243



MANOVA results for the final solution

Appendix 7.4

dnoag asntadxd

3ANMAI[qo

891°0 1€8°1 geo 119 IS € 0190 €00 QRIL S IB[[Id |  3oedu danpreq

) . ) ) ) ) dnoa3 asnaadxa

8960 L 14! 8L0 IS 3 LOV'C vZro Qoe1 s, Te[Id aARlqQ

G9¢0 S6E Y 6L0° SeT IS € Sor'l 6L0°0 Qdel], S e[l yoeduwr danpreq

9LT0 6’1 LED 886" IS € 8190 LEO0 93Rl], S Teq[ld a3y

000°I 061°S0C 108" 000° IS € L6E°89 108°0 9del], S Te[ld ydaoadyuy
Jomod REIEIICALE | paxenbs Jp Jp

31§ A anfep
PIAIISqO ‘JuDUON B9 [ended Joaxy  sisayjodAH 1P H

dIqeLIeA JUuneISPOIA
se o3e pue so[qeLreA Juapuadopur se jJoeduwr arn[rej pue asnIadxa 9ANOA[QO YPIIM SIS} ABLIBANNIA €LV dqeL

244



Table A7.4

Test of between-subjects effects for MANOVA with objective expertise and

failure impact as independent variables and age as moderating variable

Type I11

Partial

Source | Dependent [ o af | Mean ¥ Sig. eta Observebd
variable square power
squares squared
PQ 4170° | 4 | 1043 1439 | 234 .098 416
g‘:{e"fted Impact | 337.196° | 4 | 84299 | 984 | 424 069 290
Att_locus 358¢ 4 090 1.180 | 330 | .082 345
PQ 15120 | 1 | 15120 | 20870 |.000 | 283 994
Intercept Impact | 1762552 | 1 | 1762.552 | 20.582 | .000 [ 280 994
Att_locus | 11.221 1| 11221 | 147736 | 000 | 736 1.000
PQ 001 1 001 002 | .966 | .000 050
Age Impact 116691 | 1 | 116691 | 1363 | .248| .025 209
Att_locus 040 1 040 526 | .471| 010 110
PQ 2.707 1| 2707 3736 | .0s9| 066 475
Failure 12251 | 1| 12251 143 | 707 003 066
impact Impact . . . . . .
Att_locus 008 1 008 099 | 754 | 002 061
Objective PQ 1.280 1 1.280 1767 | .189 | 032 257
expertise Impact 64459 | 1 | 64.459 753 | 390 | 014 136
group i loeta 316 1 316 4160 |.046| 073 517
Failure PQ 016 1 016 022 | 882 000 052
impact *
Objective Impact 154737 | 1 | 154737 | 1807 |.185| .033 262
expertise | i jocus | 004 | 1| 004 | 049 | .826| 001 055
group -
PQ 38399 | 53| 725
Error Impact 4538.683 | 53 85.636
Att locus | 4026 | s3] 076
PQ 255.000 | 58
Total Impact 42897.000 | 58
Att_locus 142.667 58
PQ 42569 | 57
Corrected [y ot | 4875879 | 57
total
Att_locus 4.384 57

[>T eI

R squared = .098 (Adjusted R squared = .030)
Computed using alpha = .05
R squared = .069 (Adjusted R squared = -.001)
R squared = .082 (Adjusted R squared = .012)
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