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Abstract

Today, people use interactive systems to accomplish many of their professional and personal
goals. The use of interactive products has become an integral part of our everyday lives. In
response, interactive system development does not exclusively focus on design of useful and
usable products anymore, but takes the entire user experience into account to be successful.
But what determines a good user experience? To answer this question, an approach to user
experience of interaction with technical systems is presented that makes theoretical, methodo-
logical, and empirical contributions to overcome shortcomings of existing approaches and
gives recommendations to incorporate user experience design goals already in early stages of
the development process of interactive systems.

A user experience framework introduces instrumental and non-instrumental quality percep-
tions as well as emotional user reactions as central components of user experience. Perceived
usefulness and usability are discussed as aspects of the instrumental quality of interactive sys-
tems. A hierarchical approach to non-instrumental quality perceptions takes into account three
categories: aesthetic, symbolic, and motivational aspects. A multi-component approach to
emotional user reactions is proposed that defines five aspects of emotions: subjective feelings,
physiological reactions, motor expressions, cognitive appraisals, and behavioral tendencies.
Interactive system properties, user characteristics, and context parameters are discussed as
main influencing factors of user experience, and overall judgments, choices between alterna-
tives, and usage behavior are taken into account as consequences of user experience. Interre-
lations between the factors of the framework are discussed in detail and form the basis for
empirical research questions.

The assessment of non-instrumental quality perceptions and emotional user reactions is fo-
cused in the methodological section. Toolboxes of methods are proposed for these two user
experience components, which are applied in the empirical part. In summary, the results of
three studies on portable audio players support most of the assumptions made in the user ex-
perience framework. All three categories of influencing factors have a significant impact on
user experience. While system properties have a direct effect on instrumental and non-
instrumental quality perceptions, user characteristics and context parameters affect the inter-
relations of the user experience components and their impact on consequences of user experi-
ence. With respect to interrelations of the user experience components, the results support the
assumptions that (1) instrumental and non-instrumental qualities are perceived independently,
(2) emotional user reactions are determined by instrumental and non-instrumental quality per-
ceptions, and (3) consequences of user experience are influenced by all three components of
user experience.

In conclusion, the theoretical, methodological, and empirical results are summarized in sug-
gestions to add user experience design goals during the development process of interactive
systems. Recommendations are formulated for analysis, design generation, and evaluation
activities.
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Designing for the full range of human experience may well be the
theme for the next generation of discourse about software design.

Terry Winograd in Bringing design to software (1996, p. 19).
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1 Introduction

The use of interactive systems has become an integral part of our everyday lives. While in
their early stages (1960s), they were only used by developers and operators with a technical
background, they later (1980s) moved to the offices to be used by non-technical, but trained
people (Grudin, 1990). Today (2000s), interactive systems are necessary tools for communi-
cation, entertainment, and a whole range of other tasks outside professional environments.
People use various kinds of websites, computer programs, or interactive appliances to accom-
plish their personal goals.

Due to this shift in interactive system use, the focus has changed for accomplishing a user-
centered design process. Traditionally, development of interactive systems concentrated on
instrumental aspects. This especially made sense at a time when interactive systems were so
expensive that every second saved during operation could cut costs. As interactive systems
became more affordable for the professional context, the focus shifted to what users really
need and what the systems have to be like so that users could integrate them more easily in
their everyday work (Davis, 1989). As a result, a huge amount of knowledge is now available
that supports a development process for useful and usable interactive systems.

Nowadays, as interactive systems play a role in most areas of our everyday lives, more as-
pects seem to be important than just efficient task completion. Research expanded the focus to
design not only for efficiency and effectiveness, but for the full range of human experience
(Winograd, 1996). The needs of people who use interactive systems to satisfy personal goals
are different from those that have been traditionally focused on in user-centered design.

1.1 Research problem

User experience has become a buzzword in the area of user-centered design over the last ten
years to describe this shift to a more holistic approach. Nowadays, usability professionals call
themselves user experience specialist, and entire departments change their names from usabil-
ity to user experience research. These developments give the impression that the change that
has just been described is already established in the professional area of human-technology
interaction. However, it often seems that even though the necessity is realized, the real focus
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of work still remains on the traditional agenda, and not much more than the names have
changed.

Research on user experience in human-technology interaction still concentrates on demon-
strating the importance of considering additional aspects that might be relevant from the us-
ers’ perspectives. Most of the early approaches viewed the traditional, instrumental focus and
the new area of research as opposing elements. The new concepts have a variety of different
names ranging from pleasure (Jordan, 1998) to flow (Draper, 1999) and from hedonic (Has-
senzahl, 2001), aesthetic (Tractinsky, 1997), affective (Zhang & Li, 2005) to emotional as-
pects (Logan, 1994).

This indicates that a variety of different new aspects might be relevant and should be inte-
grated into an approach to user experience. However, differing concepts are often seen as
similar, or discussions focus on the question of relevance without having an empirical basis.
To judge which new concepts are relevant, more empirical research is needed that integrates
new facets of user experience and instrumental aspects. The approach taken here deals with
the questions of how an approach can be formulated that integrates all relevant aspects of user
experience of interaction with technical systems and how it can be empirically validated. Fur-
thermore, the problem of which methods are available to investigate user experience and how
these methods can be used during the development process are addressed.

1.2 Scope

The presented work has been part of the Research Cluster ‘Usability Workbench - Methods
for User Modeling and System Evaluation’ of the Research Training Group ‘Prospective En-
gineering of Human-Technology Interaction” and was sponsored by the German Research
Foundation (DFG) from 2004 to 2007. The Research Training Group develops and integrates
methods, procedures and tools in order to investigate human-technology interaction already in
the early development phases of technical systems. The focus on early stages of the develop-
ment process is of central importance. Therefore, the approach developed here offers a pro-
spective perspective on the design for a positive user experience. The aim is not only to ex-
plain and understand user behavior, but also to offer a theoretical basis and applicable meth-
ods for user researchers as well as guidelines and background information for designers and
developers that can be applied early in a user-centered design process.

The empirical studies that are described in the following chapters focus on a specific applica-
tion area. Consumer electronic products and especially portable audio players and mobile
phones were chosen as stimuli for the studies. Although the studies focus on one area of inter-
active systems, the theoretical assumptions, methodological recommendations and even most
of the empirical results should be transferable to other domains.

15



1.3 Research goals

After sketching out the issues related to user experience of interaction with technical systems,
this section introduces the set of specific research goals that are addressed.

Research goal 1 (theoretical)

Creating a framework to describe user experience of interaction

The current discussion of user experience in human-technology interaction is fragmented in
terms of approaches, methods, and definitions. It is often unclear which aspects of user ex-
perience are investigated and to what extent findings can be generalized. An integrative
framework of user experience in human-technology interaction can help to overcome this
situation by considering all relevant aspects of user experience as well as technological and
contextual factors. Such a framework defines influencing factors of user experience, inte-
grates central components of user experience, discusses the interrelations of these components
and describes the most relevant consequences of user experience.

Research goal 2 (methodological)

Developing a toolbox of methods to assess the central components of user experience

Sound knowledge of methods to measure the perception of instrumental qualities of interac-
tive systems is available, but existing methods to assess non-instrumental quality perceptions
and emotional user reactions need to be improved. Although there are a variety of question-
naires to survey non-instrumental qualities, like aesthetic and symbolic aspects, the defini-
tions of dimensions overlap and it remains unclear how various concepts relate to each other.
A structure of relevant dimensions based on theoretical considerations can form a basis to
integrate available methods to offer a comprehensive approach to the measurement of non-
instrumental qualities. Likewise, various methods have been applied to measure emotional
aspects of user experience, but here too it remains unclear how these methods can be com-
bined. Therefore, another sub-goal is to offer a theory-based way to structure available meth-
ods in order to measure emotional user reactions.

Research goal 3 (empirical)

Investigating influencing factors, the interrelations of the central components, and their influ-
ence on consequences of user experience

Assumptions made in a user experience framework have to be verified empirically. As the
aim of the framework is to structure influencing factors of user experience, integrate central
components of user experience, describe the most relevant consequences of user experience
and discuss the interrelations of these components, empirical studies focus on assumptions
regarding these aspects of user experience. The results of the empirical studies are used to
revise the user experience framework.

Research goal 4 (application-oriented)
Compiling recommendations regarding the use of the theoretical, methodological, and em-
pirical contributions in the development process of interactive systems
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To be useful during early stages of the development process the theoretical, methodological,
and empirical results have to be summarized to support various activities during the develop-
ment process of interactive systems. Existing process models from engineering design, user-
centered design, and usability engineering help to detect common activities and stages during
the development process at which the user experience framework and the methodological
toolboxes can be used and the empirical results should be considered.

1.4 Overview

An integrative approach to user experience in human-technology interaction is developed in
the following chapters. Chapters 2 to 4 establish the conceptual and methodological back-
ground. They are followed by Chapters 5 to 7, which present three studies undertaken to ad-
dress the empirical research goals. Each experiment is an independent investigation of several
issues addressed, but approaches and hypotheses of the later experiments are informed by the
outcomes of the earlier ones. Each of these chapters includes research questions, methodo-
logical details, results, and a discussion of the findings. Chapters 8 to 10 represent the con-
cluding part.

Chapter 2 initiates the discussion of the role of users’ experience of interaction for the design
and evaluation of interactive systems. It argues for the relevance of other aspects of the user
experience in addition to traditionally focused, instrumental values. A critical literature re-
view of research on user experience of interaction is followed by an argument for an integra-
tive user experience framework.

Chapter 3 introduces a framework of user experience of interaction with technical systems.
This framework incorporates existing research and concepts, but aims at an innovative at-
tempt to integrate various components of user experience. It provides the conceptual and ter-
minological basis for the following parts. Methodological and empirical research questions
that arise from the framework are formulated.

Chapter 4 starts with a short overview of existing methods to assess user perceptions of in-
strumental qualities. The main focus of the chapter is on the measurement of non-instrumental
quality perceptions and emotional user reactions. Methods to assess these aspects are struc-
tured using theory-based assumptions made in the framework. The application of two result-
ing toolboxes is demonstrated in two studies: one on the measurement of non-instrumental
quality perceptions, the other on the measurement of emotional user reactions.

Chapter 5 presents Study 1. Four existing portable audio players are used in the study as
stimuli to better understand how differences in system properties affect various aspects of
user experience. The used interactive products differed in various system properties and were
selected for heterogeneity, i.e. to maximize variance of the user experience with the systems.
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Chapter 6 presents Study 2, which also studies the influence of system properties on user
experience, but has an experimental set-up. Two groups of system properties are varied to
influence the perception of instrumental and non-instrumental qualities independently. So, it
is investigated how system properties affect specific quality perceptions and impact emotional
user reactions as well as overall judgments, and choices between alternatives. Additionally,
physiological methods are used to assess specific aspects of emotional user reactions.

Chapter 7 presents Study 3, which expands the previous experiment by integrating a varia-
tion of user characteristics and context parameters as additional influencing factors. Culture is
chosen as a user characteristic and data are collected in Canada and Germany. Two situational
settings are chosen to study the influence of context parameters.

Chapter 8 combines the findings of all three empirical studies, and the results are reflected
on the basis of the user experience framework. Necessary changes and clarifications of as-
sumptions made in the framework as well as further theoretical research questions that remain
open are discussed.

Chapter 9 aims at integrating the theoretical, methodological, and empirical results in the
development process of interactive systems. Therefore, process models from engineering de-
sign, user-centered design, and usability engineering are reviewed to identify the main proc-
ess stages and activities for the consideration of user experience goals. Recommendations are
given for analysis, design generation and evaluation activities separately.

Chapter 10 summarizes the substantive theoretical, methodological, and empirical as well as
the application-oriented contributions by reconsidering the research goals. Furthermore, areas
for future research are discussed.

The Appendix contains the material used for the reported studies. This includes question-
naires, instruction sheets, and stimulus material, such as descriptions of the used portable au-
dio players, mobile phones, and simulations as well as tasks given to the participants. Fur-
thermore, details of the data analysis can be found here.
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2 Background

This chapter provides the theoretical background. It first positions the investigations of user
experience in the wider field of user-centered design (Section 2.1), and then goes on to dis-
cuss the relevance of the user’s perspective of the quality of interactive systems (Section 2.2).
Next, the development from early concepts of user satisfaction to the emergence of the idea of
user experience is discussed (Section 2.3). The main part of this chapter is formed by a criti-
cal discussion of existing approaches to user experience in human-technology interaction
(Section 2.4). A summary of the main shortcomings and questions open for further research as
well as the approach taken to tackle these questions are described in Section 2.5.

2.1 Criteria for user-centered design

User-centered design (UCD) can be seen as a philosophy as well as a process. It places the
user at the center of the design process rather than the product, and focuses on human factors
as they come into play during peoples’ interactions with technical artifacts. UCD seeks to
answer questions about users and their tasks and goals, and then uses the findings to drive
development and design (Katz-Haas, 1998). The evaluation of interactive systems plays an
important role in all areas that apply a user-centered design approach.

Depending on product categories, approaches to UCD differ slightly whether the background
is more in human factors (process control, in-vehicle information/assistance, machine con-
trol), human-computer interaction (software, websites), or product design (consumer elec-
tronic products). As interactive systems are increasingly computerized, approaches from these
different areas have become more alike over recent years, and important criteria for UCD are
used for all product categories.

2.1.1 Usability and user-centered design

One particularly important concept to define the interactive quality of interactive systems has
been developed over the last thirty years: usability (Cakir, Hart & Stewart, 1979; Shackel,
1984). Shackel (1991) presents the following definition:
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"Usability of a system or equipment is the capability in human functional terms to be
used easily and effectively by the specified range of users, given specified training and
user support, to fulfill the specified range of tasks, within the specified range of envi-
ronmental scenario,” (Shackel, 1991, p. 24).

Summarizing, an interactive system is usable if it has the capability to be used easily and ef-
fectively by humans. However, Shackel’s definition already considers that the usability of an
interactive system is not only influenced by certain properties of the system, but also depends
on characteristics of the user and the context. Bevan and Macleod (1994) discuss usability as
"... a property of the overall system: it is the quality of use in a context" (p. 136). Accord-
ingly, quality of use became a synonym for usability. The term helps to explain the relation of
the concept of usability to the overall quality of a system.

ISO 9126 (1SO, 2001) on general product quality also associates usability with the properties
of a system that lead to high quality of use. Criteria of quality of use are effectiveness, pro-
ductivity, safety, and satisfaction. ISO 9241-11 (1SO, 1998), which has become a main source
for the definition of the concept of usability, applies a slightly different definition, namely "...
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™ (p. 4). Accordingly,
effectiveness can be described as the degree of accuracy and completeness with which the
user’s goals are satisfied. Efficiency can be characterized as the effectiveness of system usage
in relation to its costs in terms of effort or time and satisfaction relates to user’s comfort and
acceptance of the system. Different measurement approaches to usability apply these defini-
tions and range from a focus on product attributes to an assessment of the interactive quality
of use.

2.1.2 Measurement approaches to usability

Rauterberg (1993) distinguishes four different approaches to the measurement of usability of
interactive products:

1. The product-oriented view: usability is measured in terms of the ergonomic attributes
of the product itself (descriptive measures).

2. The formal view: usability is inferred form formalized and simulated interactions in
terms of mental models (formal concepts).

3. The interaction-oriented view: usability is measured in terms of how the user interacts
with the product (performance).

4. The user-oriented view: usability is measured in terms of the mental effort and attitude
of the user (questionnaires and interviews).

While the product-oriented view focuses on the evaluation of product attributes based on ex-
pert knowledge or checklists/guidelines and the formal view uses abstract models to assess
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the interaction between user and product, the interactive qualities of user interfaces are only
quantified in the context of the interaction-oriented and the user-oriented view. The latter two
approaches may be more time consuming and more expensive, but they actually measure the
quality of use of a product.

Shackel (1991) stated that quality of use has these two perspectives, one related to objective
measures of the interaction and the other to subjective perceptions of the used product. While
the interaction-oriented view focuses on criteria such as effectiveness and efficiency of the
interaction, the user-oriented perspective takes aspects of user satisfaction into account (ISO
9241-11). In the same way, Bevan (1995) distinguishes between measuring user performance
and satisfaction. The approach taken here aims at improving the user-oriented view on inter-
active system quality.

2.2 Evaluation from the user’s perspective

As discussed in the previous chapter, the traditional focus of interactive system design and
evaluation was on products that were used in professional contexts. Machines and first com-
puter systems were mainly used in work environments. Interactive systems were very expen-
sive and it was important that they were used as efficiently as possible. Therefore, the focus in
system evaluation was on user performance. In recent years, the use of interactive products
has become an integral aspect of our everyday life. The relevance of the user’s perspective on
the quality of an interactive product has become more important.

Although Nielsen and Levy (1994) argue that users’ preferences predict their performance
with an interactive system quite well, further research on the interrelations of objective and
subjective measures of quality of use has shown that they can differ significantly. Based on an
extensive meta analysis of 73 studies, Hornbak and Law (2007) find that objective and sub-
jective measures of usability vary and that measures of users’ perceptions are generally not
correlated with objective measures.

2.2.1 User satisfaction as part of usability

ISO 9241-11 (1998) states that satisfaction can be specified and measured by attitude rating
scales or measures such as the ratio of positive to negative comments during use. Additional
information may be obtained from long term measures such as the rate of absenteeism from
work, health problem reports, or the frequency of job transfer requests. However, the last cri-
teria can only be applied in a work environment, but not in the many other situations, in
which interactive products are used.

Questionnaires to measures of satisfaction may assess attitudes towards use of a product, or
assess the user's perception of aspects such as efficiency, helpfulness, or learnability. A vari-
ety of standardized questionnaires were developed especially during the mid 1990s to assess
user satisfaction. The Software Usability Measurement Inventory (SUMI; Kirakowski, 1996),
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the Questionnaire for User Interaction Satisfaction (QUIS; Chin, Diehl & Norman, 1988), and
the System Usability Scale (SUS; Brooke, 1996) are examples. These questionnaires focus on
users’ evaluations of specific dimensions that relate to user satisfaction like controllability,
ease of use and learning.

Another well established approach to assess users’ attitudes comes from the technology ac-
ceptance literature. Davis (1989) proposes a model of users’ intention to use an interactive
system that takes into account the perceived usefulness and perceived ease of use as two main
aspects of technology acceptance. This approach also offers questionnaires that have been
used in various studies and have been applied in various domains (Taylor & Todd, 1995;
Venkatesh & Davis, 2000; Morris & Turner, 2001).

However, Hornbak (2006) found in a review of 180 usability studies that standardized meth-
ods to measure user satisfaction are rarely used. One reason seems to be that there is dis-
agreement about the best criteria to assess user satisfaction and which aspects should be con-
sidered to capture the user’s view on product quality sufficiently.

2.2.2 Limitations of the user satisfaction concept

Users’ perceptions of aspects such as efficiency, helpfulness, or learnability as recommended
in 1SO 9241-11 are linked to users’ perception of their performance with an interactive sys-
tem. Therefore, the definition of user satisfaction focuses on users’ experience of instrumental
qualities of the system. This focus on users’ tasks, goals, and their efficient achievement re-
peatedly led to criticism. Hassenzahl, Platz, Burmester and Lehner (2000) criticize the defini-
tion of user satisfaction explicitly:

“We are aware that user satisfaction is a part of the usability concept provided by 1SO
9241-11. However, it seems as if satisfaction is conceived as a consequence of user
experienced effectiveness and efficiency rather than a design goal in itself. This im-
plies that assuring efficiency and effectiveness alone guarantees user satisfaction.”
(Hassenzahl et al., 2000, p. 202)

Lindgaard and Dudek (2003) argue similarly, but take the limitation of existing methods to
measure user satisfaction additionally into account:

“Indeed, many measurements of user satisfaction are limited to, what users think of a
given application. Not surprisingly, instruments intend to measure user satisfaction
also tend to be quite crude and vague and focus mostly on the efficiency and effective-
ness of the interaction.” (Lindgaard & Dudek, 2003, p. 430)

Thus, in the area of human-technology interaction the concept of user satisfaction is seen as
problematic to sufficiently capture the user’s perspective on interactive product quality. First,
the interpretation and operationalization of the concept is mostly bound to users’ perceptions
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of the instrumental values of an interactive product. Second, user satisfaction is more an out-
come of a user’s interaction with a system, while the process of experiencing the product dur-
ing the interaction is not taken into consideration.

2.3 From user satisfaction to user experience

Already, Norman and Draper (1986) use a different term to consider a user’s subjective view
on the interaction: user experience. In the introduction to their well-known book on user-
centered system design, they refer as follows to the section on user experience:

“This section ... directly asks the ultimately central question “what is the experience
like for the user?” In the end, that is the basic question underlying all user-centered
design.”” (Norman & Draper, 1986, p. 4)

In the introduction of that section they underline their point of view:

“This section of the book contains chapters that get directly at the question of the
quality of the user’s experience. This is of course the ultimate criterion of User Cen-
tered System Design, but most workers approach it obliquely in various ways such as
exploring the implementation techniques, or applying existing cognitive approaches.
These chapters attempt more direct analyses.” (Norman & Draper, 1986, p. 64)

This early use of the term user experience already contains the key understanding of the con-
cept as it is used today. User experience takes an entirely user-oriented perspective on human-
technology interaction. The user’s perspective on the quality of the interaction is the ultimate
criterion. In comparison to user satisfaction, user experience is not only an outcome of the
interaction that can be measured easily in the end, but a complex process that is influenced by
various relevant characteristics of the user, the usage situation and the used interactive sys-
tem. Laurel (1986) suggests thinking of interactive systems as a theater stage, capable of let-
ting the users experience the world. From her point of view, interactive system design is par-
ticularly about the “first person experience’ (Laurel, 1991).

Few other early contributions discuss the user-centered view on interactive product quality as
more than the outcome of effective and efficient interaction, although they do not use the term
user experience. Malone (1981) studied what makes computer games enjoyable to identify
design principles, which have the power to promote fun and enjoyment. Carrol and Thomas
(1988) warned not to confuse the concepts easy to use and fun to use when talking about in-
teractive system quality.

In the area of product design and consumer research, Kano (1984) differentiates between
must-be and attraction product features. Similarly, Batra and Athola (1990) show that con-
sumer attitudes have distinct hedonic and utilitarian components and that they play a differen-
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tially salient role across different consumer products. Oliver (1993) discusses the relevance of
affective aspects as part of user satisfaction.

In the context of technology acceptance research, Davis, Bagozzi and Warschaw (1992) show
the relevance of perceived usefulness and enjoyment on users’ intention to use interactive
system and their actual usage. Mundorf, Westin and Dholakia (1993) demonstrate that he-
donic features of a screen-based information service (presence of color and music) affect the
level of perceived enjoyment and intention to use the service, and Igbaria, Schiffman and
Wieckowski (1994) found that user characteristics, like computer anxiety, influence both the
perception of the usefulness of an interactive system and the level of enjoyment.

Even in usability research, further approaches are proposed to enhance the user-oriented view
on product quality, although the concept of user satisfaction had been already established.
Logan (1994) develops a two-component usability concept that considers behavioral and
emotional usability. While behavioral usability refers to a more or less traditional use of the
term usability, Logan (1994) defines emotional usability as *“... the degree to which a product
is desirable or serves a need beyond the traditional functional objective” (p. 61). Kurosu and
Kashimura (1995) show that subjective judgments of usability are strongly affected by the
aesthetic appearance of the interactive product.

Although all these contributions focused on the enhancement of the user-focused quality per-
spective and fit well into the outline Norman and Draper (1986) made for an approach to the
user’s subjective view of the interaction, none of them explicitly used the term user experi-
ence. Alben (1996) brought the term back to the area of human-technology interaction. In her
article on quality of experience, she discusses interaction design criteria that have to be taken
into account to provide people with a successful and satisfying experience. From her point of
view all the aspects of how people use an interactive product have to be taken into account:
the way it feels in their hands, how well they understand how it works, how they feel about it
while they are using it, how well it serves their purposes, and how well it fits into the entire
context in which they are using it.

Since then, more detailed work has been published regarding the design for user experience
with interactive systems and for a better theoretical understanding of what forms the user ex-
perience. Additionally, a number of empirical studies, which have been published over the
past decade, have helped to understand which aspects of user experience seem to be important
and how they interrelate. An overview of the most important theoretical and empirical contri-
butions is given in the following section.
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2.4 Existing approaches to user experience

Approaches to user experience in human-technology interaction are very diverse. No simple
structuring is available to classify the contributions. Researchers from different disciplines
and with diverse backgrounds contributed to the field. It is therefore not surprising that often
persons and their contribution cannot be associated with only one discipline. Furthermore, the
used terminology differs, what makes it hard to relate the various contributions.

Phenomenological contributions form one perspective on user experience of human-
technology interaction and a selection is discussed in Section 2.4.1. Afterwards, contributions
are summarized that explicitly focus on supporting the design of user experience and take a
holistic view on user’s interaction with products (Section 2.4.2). Perspectives that center on
emotional components of user experience are summarized in Section 2.4.3, and in the last part
of this review, contributions are discussed that concentrate on specific non-instrumental qual-
ity dimensions, like aesthetic and symbolic aspects (Section 2.4.4).

24.1 Phenomenological approaches

Phenomenological approaches to user experience resist the reduction of experience into a
number of factors or processes. They argue for a holistic and qualitative study of user experi-
ence.

In an early framework to help designers think about user experience, Forlizzi and Ford (2000)
point out that designers trying to craft an experience can only design situations rather than
neatly predicted outcomes. Next to the user’s personal interpretations of a situation, there are
other factors that are beyond control when designing: different cultural backgrounds or prior
experience as well as emotionally aroused states which cause different subjective interpreta-
tions of a certain moment Forlizzi and Ford (2000) summarize influencing factors on user
experience as well as different qualities of user experience. As influencing factors, they high-
light characteristics of the user and the product as well as the context of use. They introduce
four concepts relevant to understand the quality of an experience: sub-consciousness, cogni-
tion, narrative, and storytelling. Sub-conscious experiences are those that do not compete for
user’s attention and thinking process, but are rather used ‘thoughtlessly’. Cognition is used to
represent experiences that require users to think about what they are doing: interactions with
unfamiliar or confusing products as well as tasks that require attention, cognitive effort or
problem solving skills. The narrative concept represents experiences that have been formal-
ized in the user’s head. The set of features and affordances of a product offers such a narrative
of use. In turn, a user interacts with some subset of features and affordances, based on loca-
tion in a context, prior experience and current emotional state to make a unique and subjective
story. The concept of storytelling is used to represent this subjective aspect of the experience.
Battarbee (2003) introduces the concept of co-experience to consider experiences constructed
in social interaction. Co-experience can be described as an experience that users themselves
create together in social interaction. Together Forlizzi and Battarbee (2004) present an ap-
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proach to incorporate the concept of co-experience into the framework proposed by Forlizzi
and Ford (2000).

McCarthy and Wright (2004) present another phenomenological approach to user experience
and describe it as an orientation toward the felt life of technology-toward engagement, en-
chantment, irritation, and fulfillment. They point out that life does not begin or end with the
immediate quality of an experience with an interactive system and propose a framework for
analyzing experience with technology, which consists of four intertwined threads of experi-
ence: the compositional, sensual, emotional, and spatio-temporal thread. Even though the
framework is presented as a set of components, McCarthy and Wright (2004) point out that
each of these parts are inter-connected and constitute an integrated framework. The composi-
tional thread deals with how the elements of an experience fit together to form a coherent
whole. This refers to the narrative structure, action possibility, plausibility, consequences, and
explanations of actions. The sensual thread is concerned with how the design, texture, and the
overall atmosphere make users feel. This relates to the concrete, palpable, and visceral char-
acter of experience that is grasped pre-reflectively in the immediate sense of a situation, e.g.
the look and feel of a mobile phone and the sense of warmth in a social space. The emotional
thread is concerned with the emotions that are part of an experience. This refers to value
judgments that ascribe importance to other people and things with respect to our needs and
desires. The emotional quality of an experience tends to summarize the experience, e.g. as
fun, exciting, or frustrating. Finally, the spatio-temporal thread deals with place and time.
This draws attention to the quality and sense of space and time that pervades experience.
Time may speed up or slow down, pace may increase or decrease, and spaces may open up or
close down, affecting user’s willingness to linger or to re-visit such places.

In addition to the four threads of experience, McCarthy and Wright (2004) discuss six proc-
esses of sense-making to describe that people actively construct or make sense of experiences.
Sengers et al. (2004) argue in a similar way that users are actively involved in constructing
their experiences through a process of interpretation. As a consequence, experience is co-
constructed between users, designers and systems. They assert that it is necessary to shift hu-
man-technology interaction design strategies from control of user experience to support for
flexible interpretation. Similarly, Boehner, DePaula, Dourish and Sengers (2007) offer an
interactional perspective to emotions in human-technology interaction.

Phenomenological approaches to user experience offer some interesting ideas about the user’s
perceived quality of interactive products, e.g. the relevance of the situation a system is used in
and the active role of the user in interpreting the interaction. Swallow, Blythe and Wright
(2005) argue that the most important advantage is that phenomenological approaches resist
the reduction of experience into a number of factors or processes, what may be useful for ex-
perimental analysis, but can miss important insights for design. However, such a holistic ap-
proach makes it hard to capture the user experience and therefore, an empirical basis is mostly
missing. Suri (2002) argues that it may be hard to fully understand user experience in an ana-
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lytical way and that it is more reasonable for designers to just ‘tune in’. Nonetheless, a variety
of contributions that approach the topic of user experience from a design-oriented perspective
try to deconstruct user experience in differentiated components that can be addressed sepa-
rately.

2.4.2 Design-oriented approaches

Some approaches to user experience explicitly focus on the support of designers. They do not
claim to explain users’ experience based on empirical data, but are mainly conceptual contri-
butions. Nonetheless, they try to be comprehensive and take into account many relevant as-
pects of user experience.

Crilly, Moultrie and Clarkson (2004) present an integrative framework of user response to
products that considers cognitive, affective, and behavioral components. Qualities of a prod-
uct that play a role on the cognitive level are summarized in three categories: semantic inter-
pretation, aesthetic impression, and symbolic association. Semantic interpretation describes
the proportion of the product value that is attributed to its utility. Contrast, novelty, and order
as well as subjective concinnity that may be regarded as the extent to which the design ap-
pears to make sense to the user in respect to personal, cultural, and visual experience are as-
pects of aesthetic impression. Furthermore, two categories of symbolic association are de-
scribed. On the one hand, self-expressive symbolism is specified as associated with products
that allow the expression of unique aspects of one’s personality. On the other hand, categori-
cal symbolism is associated with products that allow the expression of group membership,
including social position and status.

To describe the affective level of consumer response, Crilly et al. (2004) apply a model of
product emotions initially presented by Desmet (2003a), which has five categories for the
emotional responses that products may elicit: instrumental, aesthetics, social, surprise, and
interest. Instrumental emotions (such as disappointment and satisfaction) derive from percep-
tions of whether a product will assist the user in achieving their objectives. Aesthetic emo-
tions (such as disgust or attraction) relate to the potential for products to delight or offend our
senses. Social emotions (such as indignation and admiration) result from the extent to which a
product is seen to comply with socially determined standards, and surprise emotions (such as
amazement) are driven by the perception of novelty in a design. Finally, interest emotions
(such as boredom or fascination) are elicited by the perception of challenge combined with
promise. Additionally, Crilly et al. (2004) see users’ cognitive and affective responses to in-
fluence the way in which they behave towards the product. They use the concepts of approach
and avoid to distinguish between the behavioral responses of an interested or disinterested
consumer.

Creusen and Schoormans (2005) present a model that focuses on six different roles of product
appearance: communication of functional, ergonomic, aesthetic, and symbolic information as
well as attention drawing and categorization. The functional value of a product pertains to the
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utilitarian functions a product can perform and the ergonomic value entails the adjustment of
a product to human qualities. The aesthetic value of a product relates to the pleasure derived
from seeing the product without considering its utility. Symbolic value refers to the fact that
consumers use products to express their ideal self-image (Belk, 1988). As these first four as-
pects can be found on Crilly et al.’s (2004) cognitive level of user response, the remaining
two roles of product appearance may not be that relevant for the quality of the users’ experi-
ence of the interaction with the product. The attention drawing aspect refers to a product
standing out from competing products so that chances are higher that consumers will pay at-
tention to the product in a purchase situation. This role of product appearance may be more
relevant for the seller of the product than for the user. Even the role of product identification
that will be easier when a product resembles other products in the same category may be less
relevant for the actual user experience.

Other authors take differing concepts into account when thinking about the design for user
experience. MacDonald (1997, 2001) discusses the idea of ‘aesthetic intelligence’ which ac-
knowledges that people posses an innate, sometimes subconscious ability to perceive a wide
range of qualities in products that shape their response. He links sensual qualities to cultural
values and proposes a process of designing for the senses. Similarly, Overbeeke, Djadjadinin-
grat, Hummels and Wensveen (2002) focus on two aspects of human-technology interaction
that they feel are often neglected: human perceptual-motor skills and emotional skills. Re-
garding the first aspect they propose a shift of focus from beauty in appearance to beauty in
interaction. Beautiful appearance may be part of beautiful interaction, but it also encompasses
a more nuanced cooperation with an interactive object. With respect to the emotional aspect
of the user experience, they argue that a user may choose to work with a product, although it
is difficult to use, because it is challenging, seductive, playful, surprising, memorable, or re-
warding. Gaver and Martin (2000) present a similar approach and focus on the exploration of
sensual aesthetics and implicit expression, coupled with the value they place on emotional
aspects of the interaction. They argue for the importance of a whole range of specific non-
instrumental needs, such as surprise, diversion, or intimacy.

One difference of design-oriented approaches in comparison to phenomenological contribu-
tions is that they divide experience into a number of components that constitute the user ex-
perience. They argue that a better understanding of these components can support the design
for a more positive user experience and even a focus on selected components can make it pos-
sible to reach this goal. Although they all agree on these basic assumptions, differences can be
found regarding the components that are discussed in detail. While Creusen and Schoormans
(2005) focus on the combination of instrumental and non-instrumental aspects, non-
instrumental aspects as well as affective components of experience are used to extend the tra-
ditional focus on instrumental aspects in the other design-oriented approaches. However, the
contributions have limitations: by tacking into account many different aspects of user experi-
ence and focusing on the support of design, concepts are not defined in much detail and no
empirical data is presented to support theoretical assumptions.
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In the following two sections, contributions are discussed that focus on either non-
instrumental or emotional aspects of experience in more detail. Thus, some of the following
contributions give a less holistic view on user experience of interaction, but offer a more de-
tailed analysis of specific aspects of user experience. Furthermore, they are based on more
empirical research than the conceptual ideas discussed so far.

2.4.3 Emotion-focused approaches

In this section, approaches are discussed that focus on emotional aspects of user experience.
Initially, contributions are described that concentrate on specific emotions like pleasure, fun,
or flow. Approaches that take emotions in general into account and try to explain the role of
emotion in users’ product perceptions in more detail are discussed afterwards.

Jordan (1998, 2000) discusses the concept of pleasure as a design goal. He argues for a hier-
archical organization of user needs where functionality is the basis, usability is another aim
and pleasure is an even higher and increasingly important level. Based on a general approach
to pleasure by Tiger (1992), four aspects of pleasure are distinguished. Physio-pleasure is
associated with a user’s sensual experience of product use. Psycho-pleasure is related to the
experienced usability of an interactive system and emotions that arise because of the existence
or absence of effective or efficient interaction. In contrast, socio-pleasure refers to emotions
that arise based on relationships to others, e.g. products that make people feel socially ac-
cepted. At last, ideo-pleasure pertains to values that can include tastes, moral values, or per-
sonal aspirations.

Carroll and Thomas (1988) argued for the consideration of fun of use in interactive system
design. Monk, Hassenzahl, Blythe and Reed (2002) established the term funology for the re-
search field on design for fun of use. Other authors use terms like joy of use (Hatscher, 2000)
or ludic products (Gaver et al., 2004) to describe a similar design goal. Carroll (2004) de-
scribes the interaction with objects as fun when they attract, capture, and hold users’ attention
by provoking new or unusual perceptions, or arouse emotions in contexts that typically arouse
no emotions. A whole range of other contributions to the design for fun of use can be found in
Blythe, Overbeeke, Monk and Wright (2003).

Draper (1999) discusses flow as one possible precondition of fun. Introduced by Csikszent-
mihalyi (1990), flow is described as a mental state of operation in which the person is fully
immersed in what he or she is doing, characterized by a feeling of energized focus, full in-
volvement, and success in the process of the activity. A variety of empirical contributions to
the concept of flow in human-technology interaction concentrated on website usage (Novak,
Hoffman & Yung, 1999; Chen, Wigand & Nilan, 2000; Finneran & Zhang, 2003)

The presented approaches focus on the design for specific emotion-related phenomena (pleas-
ure, fun, and flow). They can be helpful to design for situations that elicit these emotions, but
they do not help to understand the role of emotions as past of user experience in general.
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Other approaches focus on a general understanding of emotions in human-technology interac-
tion to consider diverse qualities of emotions. Additionally, these general approaches to emo-
tion are based on fundamental theories from emotion science. However, as there are still a lot
of unresolved questions and competing models in emotion science, different frameworks are
utilized. For example, Martinho, Machado and Paiva (2000) discuss Ortony, Clore and
Collins’ (1988) cognitive theory of emotions, Kallio (2003) proposes focusing on Damasio’s
somatic markers hypothesis (Damasio, 1994), and Zhang and Li (2004, 2005) apply Russell’s
theory of affective quality (Russell, 1980, 2003) to better understand the role of emotions in
human-technology interaction. In the following, three further general emotion-focused ap-
proaches are discussed in more detail.

Norman (2002, 2004) proposes a model for the role of emotions in human-technology interac-
tion that defines three levels of information processing (Ortony, Norman & Revelle, 2004):
first the automatic, prewired level, called the visceral level; the second that contains the brain
processes that control everyday behavior, known as the behavioral level; and third the con-
templative part of the brain, or the reflective level. According to Norman (2004), the visceral
level marks the start of affective processing by making rapid judgments on what is good or
bad. Processes on the visceral level are biologically determined. The behavioral level is the
site of most human behavior. Its actions can be enhanced or inhibited by the reflective layer
and, in turn, it can enhance or inhibit the visceral layer. While the reflective level does not
have direct access either to sensory input or the control of behavior, it watches over, reflects
upon, and tries to bias the behavioral level. Norman (2004) proposes that different aspects of
emotions play a role on all three levels of information processing, but it remains unclear how
emotions arise from the interaction with an interactive product.

Desmet and Hekkert (2002) establish a basic process model regarding the elicitation process
of emotions in human-technology interaction that comprises three parameters: appraisal, con-
cern, and product. The three parameters and their interplay determine if a product evokes an
emotion, and if so, which one. The central implication of the concept of appraisal is that not
the event as such is responsible for the emotion, but the meaning the individual attaches to
this event. Concerns that can be needs, instincts, motives, goals, and values can be regarded
as points of reference in the appraisal process. Thus, the significance of a product for our
well-being is determined by a concern match or mismatch. Products that match users’ con-
cerns are appraised as beneficial, and those that mismatch their concerns are harmful.

Additionally, Desmet (2003a) proposed a categorization of emotions elicited by interactive
products as part of user experience that was already discussed in the previous section in the
context of the design-oriented approach suggested by Crilly et al. (2004). Desmet (2003a)
proposes five categories for emotional responses to products: instrumental, aesthetics, social,
surprise, and interest. Rafaeli and Vinali-Yavetz (2004) develop a similar model of the rela-
tionship between the qualities of physical artifacts and emotions they elicit. This model sug-
gests that artifacts are analyzed according to three conceptually distinct aspects: instrumental-
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ity, aesthetics, and symbolism. Rafaeli and Vinali-Yavetz (2004) discuss three different
mechanisms of emotion elicitation, each based on one of the three quality dimensions: a hy-
giene, a sensory and an associative mechanism. They argue comparable to Desmet (2003a)
that different kinds of emotions arise based on the perceptions of each of the three quality
dimensions.

General approaches to emotion support a better understanding of the role and the develop-
ment of diverse qualities of emotions in human-technology interaction. Desmet (2003a) as
well as Rafaeli and Vinali-Yavetz (2004) particularly explain the elicitation of various kinds
of emotions and relate it to the perception of product qualities. Further approaches to user
experience explicitly focus on quality dimensions that are seen as important for positive ex-
periences. Hassenzahl (2004a) even argues that emotions can be quite ephemeral since they
depend to a large extent on factors that can hardly be predicted. Therefore, he proposes focus-
ing on quality aspects that can result in more positive emotions.

2.4.4 Quality-focused approaches

Design for functionality and usability has been a central topic in human-technology interac-
tion for a long time. Some aspects of design for usability have been discussed at the beginning
of this chapter. Here, contributions are presented that concentrate on specific non-
instrumental quality aspects. In some of the approaches mentioned so far (Crilly et al., 2004;
Rafaeli & Vinali-Yavetz, 2004; Creusen & Schoormans, 2005), two categories of qualities are
distinguished next to the instrumental values of products: aesthetic and symbolic aspects.
Various other contributions focus on selected aspects of aesthetic and symbolic quality in
human-technology interaction.

Liu (2003) proposes that a discipline of engineering aesthetics should address two major
questions: first, how to use engineering and scientific methods to study aesthetic concepts in
system and product design, and second, how to incorporate engineering and scientific meth-
ods in the aesthetic design and evaluation process beyond designers’ intuitions. Tractinsky
(2004) argues that in particular visual aesthetics are relevant to interactive systems research
and practice. Users’ evaluations of the environment are primarily visual, and the environment
IS getting increasingly replete with information technology. Furthermore, aesthetics satisfy
basic human needs and human needs are increasingly supplied by interactive systems.

A few early studies underlined these assumptions. Burmester, Platz, Rudolph and Wild (1999)
have studied the influence of visual aesthetic design on users’ quality perceptions by using a
traditional version of a user interface and one that was worked over completely by a designer
to find that the later version received higher rating with respect to quality impression, appar-
ent usability and superiority. Kleiss and Enke (1999) conducted a study to identify the visual
appearance attributes of automotive audio systems that impact users’ judgments. The results
reveal specific visual appearance attributes that contributed separately to the perception of
stylish appearance and to the perception of quality. Schenkman and Jonsson (2000) have stud-
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ied users’ first impressions of websites and found that beauty was the best predictor for the
overall judgment.

Other studies focus on specific design dimensions to improve aesthetic quality. Park, Choi
and Kim (2004) conducted empirical studies with professional web designers and users to
identify critical factors for the visual aesthetics of websites. They identified thirteen aesthetic
dimensions and instructed designers to design example websites with respect to selected di-
mensions. They found that users rated the quality on a specific aesthetic dimension higher if
the designer had focused on it. Laugwitz (2001) concentrates on the impact of the use of color
on aesthetic perceptions in the context of software systems and found interrelations between
system properties and users’ judgments. Leder and Carbon (2005) report a study in which the
influence of stimulus properties on the appreciation of car interiors is investigated. Three de-
sign components (complexity, curvature, and innovativeness), which were all thought to af-
fect design appreciation, were combined in a fully factorial design. All dimensions were con-
firmed to affect users’ ratings. In particular curvature and innovativeness affected the attrac-
tiveness ratings. Curved and non-innovative designs were generally preferred.

A couple of theoretical frameworks are proposed to explain aesthetic appreciation of visual
stimuli. Lindgaard and Whitfield (2004) discuss visual aesthetics of interactive systems
within an evolutionary context. They apply Whitfield’s (1983, 2000) collative-motivation
models of aesthetics to explain results from existing experimental research on product prefer-
ence. This approach combines cognitive and affective processes to explain aesthetic apprecia-
tion based mostly on the prototypical nature of a stimulus. Leder, Belke, Oeberst and Au-
gustin (2004) propose an information-processing stage model of aesthetic processing. Ac-
cording to the model, aesthetic experiences involve five stages: perception, explicit classifica-
tion, implicit classification, cognitive mastering, and evaluation. The model also differentiates
between aesthetics emotion and aesthetic judgments as two types of outputs. Reber, Schwarz
and Winkielman (2004) take an approach to understanding aesthetic pleasure based on the
concept of processing fluency. They argue that aesthetic pleasure is a function of a perceiver’s
processing dynamics: the more fluently perceivers can process an object, the more positive
their aesthetic response. They review variables known to influence aesthetic judgments such
as figural goodness, figure-ground contrast, stimulus repetition, symmetry, and prototypicality
and trace their ability to change processing fluency. However, in contrast to theories that de-
fine aesthetic pleasure as objective stimulus features per se, they propose that aesthetic appre-
ciation is grounded in the processing experience of the perceiver. The processing experience
is only in part a function of stimulus properties. Hekkert, Snelders and van Wieringen (2003)
found different empirical evidence. They argue that typicality and novelty of a product are
joint predictors of aesthetic preference. According to them, products with an optimum combi-
nation of both aspects are preferred. Therefore they urge to design the most advanced and yet
acceptable solution when it comes to visual aesthetics.
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Next to visual aspects of aesthetic experiences, other qualities can play an important role in
human-technology interaction. Especially, haptic and acoustic perceptions of the interaction
can influence the aesthetic appreciation of an interactive product (Schifferstein, 2005), but
only a few contributions concentrate on their importance. Jordan (2000) argues for the con-
sideration of haptic experiences in the description of his concept of physio-pleasure. Sung,
Kwang, Myung and Sang (2004) found that surface structure and perceived weight play an
important role for the preference of mobile phones. Although auditory interaction techniques
play an increasing role in human-technology interaction, not many contributions focus on
acoustic quality of interactive systems in general. Research on the users’ perceived acoustic
quality has only been performed in specific domains, e.g. those that relate to multimedia and
speech technologies (Watson & Sasse, 1998; Jekosch, 2004; Gulliver & Ghinea, 2006).

More attention has been dedicated to symbolic aspects of users’ quality perceptions. The con-
cept of hedonic quality proposed by Hassenzahl (2001) is often used in human-technology
interaction. Hassenzahl (2001) defines hedonic quality as a quality aspect that addresses hu-
man needs for social power, novelty, and change. In a later publication he distinguishes three
sub-dimensions of hedonic quality: identification, evocation, and stimulation (Hassenzahl,
2003). Identification relates to people’s tendency to express their self through physical ob-
jects. To fulfill this need, a product has to communicate identity. Evocation relates to the fact
that products can evoke memories. In this case, the product simply represents past events,
relationships, or thoughts that are important to the individual. Stimulation provided by novel,
interesting or even exciting functionality, content, presentation, or interaction style may help
to fulfill people’s need to strive for personal development.

The concept of stimulation relates to motivational aspect of human-technology interaction.
Other authors have also focused on the motivational quality of interactive systems (Millard,
Hole & Crowle, 1999; Kohler, Niebuhr & Hassenzahl, 2007), but only preliminary results are
available regarding these aspects. Nonetheless, motivational qualities have become a more
important topic for research especially in areas where interactive systems are used in a profes-
sional context for longer periods.

In summary, a variety of non-instrumental qualities is seen as important and has been studied
empirically. Non-instrumental qualities range form aesthetic to symbolic and motivational
aspects. Their relevance has been shown separately, but no integrative approach exists.

2.5 Conclusions

User experience research offers a new perspective on the user-oriented view of interactive
product quality. The field emerged from traditional approaches regarding the consideration of
users’ subjective evaluation of an interaction that focused on the concept of user satisfaction.
A variety of previously neglected aspects have been studied recently and several approaches
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have been presented. They differ with respect to their empirical foundation and comprehen-
siveness (Figure 2.1).
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Figure 2.1: Existing approaches to user experience classified with respect to their degree of
empirical foundation and comprehensiveness.

Phenomenological approaches (McCarthy & Wright, 2004; Forlizzi & Battarbee, 2004) take
a holistic view of user experience. However, they often lack an empirical basis in the field
human-technology interaction. Although some of the contributions only want to inform de-
sign, empirical evidence seems necessary for them to be useful. As the approaches are based
on qualitative methods they are harder to verify. Design-oriented approaches (Crilly et al.,
2004; Creusen & Schoormans, 2005) also take a holistic perspective and try to consider all
relevant aspects of the user experience. Concepts are well-defined, but no methods are intro-
duced that help to gain information about the relevant aspects of user experience during the
design process. Some of the concepts are based on empirical research (e.g. Creusen &
Schoormans, 2005), but most of them are merely theoretical considerations.

Most of the emotion- and quality-focused approaches concentrate on specific aspects of user
experience. Often theoretical assumptions are tested in empirical research and methods are
suggested to measure the selected aspect of user experience. However, in focusing on specific
aspects the holistic picture is lost. Authors advocating a phenomenological approach (e.g.
Blythe, Reid, Wright & Geelhoed, 2006) argue that the reduction of experience into a number

34



of factors or processes can miss important insights for design. Rafaeli and Vilnai-Yavetz
(2004) as well as Norman (2004) try to maintain a holistic perspective, but fail to offer usable
methods that can be applied in the design process. As Figure 2.1 demonstrates, none of the
approaches is comprehensively describing user experience and is based on empirical research.
This is one of the shortcomings that is addressed by the approach to user experience described
in the following chapters — it is positioned in the upper right quadrant of Figure 2.1.

Another problem of various contributions is the mixture of non-instrumental qualities and
emotions. For example, Zhang and Li (2005), who applied a concept from emotion psychol-
ogy, describe their approach similar to others focusing on visual aesthetics, first impression,
and hedonic quality. This assumption suggests that all concepts that go beyond the traditional
focus on instrumental needs fall into only one category. Kim, Lee and Choi (2003) present
another example. They focus on the design of emotionally evocative homepages by trying to
find relations between concrete design factors and specific emotional dimensions. In a study,
they identified thirteen generic dimensions of secondary emotions that people usually feel
when viewing diverse websites. The dimensions they found range from tense and adorable to
simple and futuristic. Some of the dimensions seem clearly based on emotion-related con-
cepts, but others simply refer to quality aspects that go beyond the instrumental value of an
interactive system. It might be true that non-instrumental qualities are more associated to
emotions than instrumental aspects (Hassenzahl, 2007). However, users can also be emotion-
ally affected by an interactive system that offers a surprisingly simple interaction or a system
that is not usable at all. Therefore, it is argued for a separate consideration of non-
instrumental quality perceptions and emotional user reactions both being strongly linked to
instrumental quality aspects.

Another shortcoming of previous contributions is that influencing factors of user experience
often remain abstract and are seldom studied experimentally. Most approaches assume system
properties as general antecedent without a detailed analysis of design dimensions. Only few
contributions consider contextual factors or characteristics of the user as factors influencing
user experience (e.g. Hassenzahl & Ullrich, 2007). A more comprehensive analysis of these
factors can offer a basis for further experimental studies of user experience and be a support-
ing resource when discussing user experience questions during the design process.

Most existing approaches do not span the range from theory and methods to empirical results
and recommendations for application. However, all these aspects are necessary to guarantee
an approach that is theoretically and methodologically sound, backed by empirical evidence
and can successfully support the design of interactive systems. Therefore, a complete ap-
proach to user experience research is presented here that integrates four building blocks: theo-
retical considerations / framework (Chapter 3 and 8), methodological contributions / methods
(Chapter 4), empirical studies (Chapters 5 to 7), and recommendations for the development of
interactive systems (Chapter 9).
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2.6 Chapter Summary

User-centered design offers an approach to the development of interactive systems that ex-
plicitly focuses on the users. Usability is used as the main criterion to ensure a high quality in
use, which is mainly measured using performance characteristics. Additionally, the concept of
user satisfaction has been defined to take into account the user’s perspective on the interac-
tion. However, the concept of user satisfaction has repeatedly led to criticism. Norman and
Draper (1986) describe the question of the quality of user experience as the ultimate criterion
of user-centered design and Alben (1996) states that more aspects are important to understand
user experience than the issues that make up user satisfaction.

Over the past decade, a variety of contributions have been published regarding the design for
user experience with interactive systems and for a better theoretical understanding of what
forms the user experience. Phenomenological, design-oriented, emotion-focused, and quality-
focused approaches are distinguished. Phenomenological approaches to user experience resist
the reduction of experience into a number of factors or processes and argue for a holistic and
qualitative study of user experience. Design-oriented contributions focus on the support of
designers, are mainly conceptual and try to be comprehensive and take into account many
relevant aspects of user experience. Emotion- and quality focused approaches concentrate on
specific aspects of user experience are mainly tested in empirical research and suggest meth-
ods to measure the selected aspect of user experience.

However, four major shortcomings are apparent for existing contributions and addressed in
the approach described in the following. First, most contributions either lack empirical evi-
dence or focus on specific aspects and therefore miss to address the concept of user experi-
ence comprehensively. This approach combines empirical evidence and comprehensiveness.
Second, non-instrumental quality perceptions and emotional user reactions are considered as
separate aspects of user experience that are strongly linked to instrumental quality aspects.
Third, a more comprehensive analysis of influencing factors of user experience offers a basis
for further experimental studies. Fourth, this approach to user experience in human-
technology interaction addresses four building blocks: theoretical considerations, methodo-
logical contributions, empirical results, and guidelines for their application.
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3 Framework

Three of the main limitations of current approaches to user experience research that have been
discussed in the pervious chapter concern theoretical considerations and are addressed in a
framework on user experience that is described in this chapter. First, the framework integrates
many aspects that contribute to user experience comprehensively. Second, non-instrumental
quality perceptions and emotional user reactions are considered as separate aspects of user
experience that are strongly linked to instrumental quality aspects. Third, a comprehensive
analysis of influencing factors offers a basis for further experimental studies and is a support-
ing resource when discussing user experience questions during the design process.

This chapter starts with an overview of the proposed framework on user experience (Section
3.1), before its main components are discussed in more detail and sub-models are presented
(Sections 3.2 to 3.6). These sub-models are integrated into the overall framework and interre-
lations of the components are discussed in Section 3.7. Methodological and empirical re-
search questions that arise from the research framework are specified in Section 3.8.

3.1 Framework overview

The user experience arises from the interaction with a technical system (Norman & Draper,
1986; Norman, 1999). The character of the human-technology interaction depends on influ-
encing factors like the properties of the system. While the interaction is experienced by the
user, various components of user experience play a role. Finally, the quality of user experi-
ence determines consequences of the experience. These basic assumptions are incorporated in
the user experience framework presented in Figure 3.1.

Influencing factors include all aspects that have an impact on the interaction between a user
and an interactive system. The interaction can be influenced by various relevant characteris-
tics of the user, the usage situation and of course the used interactive system. Influencing fac-
tors will be discussed in more detail in the following section to consider the demand of a
comprehensive consideration of influencing variables on user experience.
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Figure 3.1: User experience research framework.

Three main components are defined in Figure 3.1: non-instrumental quality perceptions and
emotional user reactions are considered as distinct aspects of user experience and complement
the perception of instrumental quality. Furthermore, the perception of instrumental and non-
instrumental qualities as well as emotional user reactions determine consequences of user
experience. Consequences incorporate for example acceptance of the system and usage be-
havior.

Before discussing the interrelations between the proposed components of the user experience
framework in Section 3.7 in more depth, each component is defined in the following sections.

3.2 Influencing factors on human-technology interaction

The component of human-technology interaction represents the actual interaction between
user and technical system. Interaction-focused approaches to quality in use measure some of
the characteristics of the interaction directly, like task completion rates or time on task (as
discussed in Section 2.1); others can only be assessed asking the users about their experience
of the interaction.
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The interaction depends on various factors. Forlizzi and Ford (2000) highlight characteristics
of the system, the user as well as the context of use, shaped by social, cultural and, organiza-
tional behavior patterns as influencing factors. Similarly, Hassenzahl and Tractinsky (2006)
define user experience as a consequence of the characteristics of the designed system (e.g.
complexity, purpose, usability, functionality), a user’s internal state (e.g. predispositions, ex-
pectations, needs, motivation, mood), and the context within which the interaction occurs
(e.g. organizational/social setting, meaningfulness of the activity, voluntariness of use). Ac-
cordingly, influencing factors are summarized in three categories: system properties, user
characteristics, and context parameters (Figure 3.2).

System properties ==

Human-technology

User characteristics D interaction

Context parameters N

Figure 3.2: Influencing factors.

3.2.1 System properties

Interactive system properties refer to specific design solutions. They belong to the designer
domain of product-related knowledge and are product-specific. By contrast, all aspects of user
experience (instrumental and non-instrumental quality perceptions as well as emotional user
reactions) are subjective evaluation criteria that users apply when they experience the interac-
tion with an interactive product and make overall judgments (Keinonen, 1998).

Various approaches exist to describe interactive product components and properties. A rough
classification considers input, output, and interaction aspects as different components of the
system (e.g. Preece, 1994). In 1SO 9241-11, a similar model of system properties can be
found that additionally divides the interaction aspect into information presentation and dialog
control (ISO, 1998), whereas the IFIP model for user interfaces (Dzida, 1983) recognizes an
input/output interface, a dialogue interface, a functional interface, and an organizational inter-
face.

Other approaches divide the user interface into more abstract levels. For example, Foley and
Van Dam (1982) suggest concept level, semantic level, syntactic level, and lexical level. The
concept level lists the features of the interface, their properties, and the actions needed to fa-
cilitate the interaction, i.e. the inputs and outputs of the system and the actions expected from
the user. The semantic level concerns questions, such as the objects or commands that can be
integrated or the final command set provided for the user. The syntactic level deals with prob-
lems of relating the objects and actions to each other. It includes the construction of menu
hierarchies, the design of appropriate groupings of items for screen layouts, and the definition
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of the sequences of use. The lexical level involves the appearance of design elements and the
manner of realizing the actions, e.g. icons and the wording of labels.

While the terms above are taken from linguistics, corresponding categories apply more tech-
nical labels. For example, Bevan, Kirakowski and Maissel (1991) give a list of system attrib-
utes, which influence human-technology interaction that includes functionality, dialogue prin-
ciples as well as style and properties of the interface. The style and properties of the interface
apparently refer to the surface level presentation, including syntactic and lexical aspects ac-
cording to Foley and Van Dam (1982). According to Cushman and Rosenberg (1991), inter-
active products have three architectural components. The data model describes the informa-
tion and features available to the users. The navigational model includes the procedures for
gaining access to and manipulating the information and features of the data model. The inter-
face style refers to the surface presentation of the interface and interaction methods.

Summarizing, it seems justified to manage the complexity of possible system properties by
classifying them into three categories. The functionality of the product is one category. The
whole internal logic of the interface is called dialogue. Another level is the presentation of
user interface objects, though it is referred to by various names.

Since all of these approaches describe interactive products with the goal to improve the us-
ability of systems, other system properties that are not related to effective and efficient inter-
action with the product are not considered. For instance, aspects of product form, appearance,
or design that do not directly participate in the interaction are not included, such as the size
and weight of the product, its color, or other surface properties, like a metallic or plastic look,
hardness, roughness, and the geometry of the product. However, when studying the whole
user experience with an interactive product these appearance attributes of the system form a
fourth, relevant category of system properties.

Summarizing, four levels of system properties are distinguished: functionality, presentation,
dialogue and appearance. These are the basis for the empirical studies presented in Chapters 5
to 7.

3.2.2 User characteristics

User characteristics consider all attributes of the person who is using an interactive system.
Hassenzahl and Tractinsky (2006) mention predispositions, expectations, needs, and motiva-
tions as examples of user characteristics.

Age, gender, memory capacity, verbal ability, and personality are predispositions. The area of
universal design has developed as a specific research focus in designing for special user needs
caused by differing predispositions (Stephanidis & Salvendy, 1998). Age in particular has
become an important aspect, as many societies are aging (Zajicek & Brewster, 2003). Also,
individual differences in cognitive processing have been studied for a long time in human-
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technology interaction (Oulasvirta & Saariluoma, 2004). Furthermore, subjective technical
confidence and computer expertise in the relationship between performance and acceptance
have often been analyzed (Compeau, Gravill, Haggerty & Kelley, 2006).

Also differences regarding expectations and needs of users result in variations in preferences.
The concept of centrality of visual product aesthetics is a construct that is relevant when
studying the relevance of instrumental and non-instrumental qualities. Defined by Bloch,
Brunel and Arnold (2003), it can be seen as an important moderator of the relevance of the
aesthetic value of products. Centrality of visual product aesthetics subsumes three aspects:
value, acumen, and response. Individuals with a high centrality of visual product aesthetics
attach personal value to aesthetic aspects of products; they think of themselves as connois-
seurs, able to perceive the subtlest differences in aesthetics, and they strongly respond to
beautiful things. Individuals with high centrality of visual product aesthetics are more prone
to use a visual style of processing, they more strongly desire to acquire objects that only few
others possess, and the acquisition of aesthetic objects becomes a central pursuit of their lives
closely linked to happiness and success. Bloch et al. (2003) found that centrality of visual
product aesthetics moderates the overall evaluation, purchase intention, and the willingness to
pay for products. Whereas for individuals with low centrality of visual product aesthetics nei-
ther evaluation nor purchase intention varied significantly as a function of aesthetics, it made
a large difference for individuals with high centrality of visual product aesthetics.

Differences in quality perceptions can also be caused by cultural differences. Forlizzi and
Ford (2000) emphasize the role of different cultural backgrounds for user experiences and
Crilly et al. (2004) mention that user preferences may be largely defined by cultural agree-
ments on ‘what looks good ... what materials are to be valued ... what is worth aspiring to-
wards and how aspirations can be reinforced with products’ (p. 572). Hofstede’s (1980) ap-
proach to culture is often used to understand consequences of cultural differences in human-
technology interaction. For example, Plocher, Garg and Chestnut (1999) identify relevant
aspects of cultural differences that relate to user characteristics, which in turn have implica-
tions for user interface design. They discuss values and traditions, family and societal struc-
tures, nature of the language as well as norms for interpersonal communication as relevant
cultural aspects. Differences on these dimensions influence user characteristics like attitudes
toward technology and authority, the meaning of work and home as well as preferred mode of
communication or cognitive style. Accordingly, culture can be seen as a factor that has an
impact on various user characteristics.

In short, a variety of user characteristics can influence user experience of interaction. Differ-
ences in cultural background and centrality of visual product aesthetics have been discussed
as examples and are incorporated in the last study in Chapter 7.
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3.2.3 Context parameters

Context parameters include all aspects of the situation in which a product is used in, including
the task or activity that is supported by the system in that situation. Hassenzahl and Tractin-
sky (2006) mention organizational and social setting, meaningfulness of the activity, and vol-
untariness of use as examples of context parameters. Also Crilly et al. (2004) discuss situ-
ational and environmental factors as influencing variables. From their point of view, the
user’s degree of motivation to interact with an interactive product in particular has the poten-
tial to influence their response. For example, intrinsically motivated users may value some
qualities of a product over others that are valued by mandatory users.

Several contributions have studied the influence of these contextual parameters on aspects of
user experience empirically. For example, Creusen and Schoormans (1998) studied the influ-
ence of observation time on the evaluation of the product. They showed participants products
for a second or a longer period (about 90 seconds) and found that observation time does not
influence the importance of non-instrumental qualities, but instrumental qualities are less im-
portant with short observation. Furthermore, with short observation time, most instrumental
quality perceptions are based on salient aspects, such as size or overall product impression,
while with long observation specific details play a more important role.

Hassenzahl (2003) discusses the importance of usage modes. He defines usage modes as psy-
chological states and argues that every product can be experienced in different usage modes.
The perception of a product character as primarily instrumental or non-instrumental is not
influenced by usage modes. However, overall judgments and emotional reactions could de-
pend on the momentary fit of the product to the usage mode (Hassenzahl, 2003). Hassenzahl,
Kekez and Burmester (2002) report that the influence of instrumental and non-instrumental
quality perceptions on overall judgments differs depending on whether users are in a goal-
mode or action-mode. In the goal-mode, participants are required to accomplish given tasks,
or they have the same amount of time to explore the system on their own in the action-mode.
The results show that in the action-mode overall judgments are determined solely by percep-
tion of non-instrumental quality perceptions, whereas in the goal-mode both qualities play a
substantial role.

Summarizing, a variety of context parameters influences user experience of interaction with
technical systems. The variation of usage mode is applied as an example in Study 3 (Chapter
7).

After discussing system properties, user characteristics, and context parameters as influencing
factors of user experience, the three central components of user experience that are influenced
by these factors, i.e. instrumental and non-instrumental quality perceptions as well as emo-
tional user reactions, are discussed in detail in the next sections.
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3.3 Instrumental quality perceptions

The focus of current approaches to user-oriented quality of interactive systems on instrumen-
tal quality perceptions has been discussed in Section 2.2. The relation of utility and usability
as two aspects of instrumental value are now highlighted and a model is proposed to measure
instrumental quality perceptions in user experience research.

3.3.1 Defining instrumental quality perceptions

The instrumental value of an interactive system is related to the tasks and goals that the user
wants to accomplish with a system. General approaches to quality in use like 1ISO 9241-11
and 1SO 9126 do not intend to explain users’ perceptions of instrumental qualities. In con-
trast, Shackel (1991) defines utility and usability as the two instrumental values of an interac-
tive system that influence system acceptance. According to his definition, utility refers to the
match between user needs and product functionality, while usability refers to the ability to
utilize the functionality in practice. Similarly, Nielsen (1993) considers utility and usability
being two important aspects which influence product acceptance and suggests that “... utility
is the question of whether the functionality of the system in principle can do what is needed,
and usability is the question of how well users can use that functionality” (p. 25). This view is
also supported by Grudin (1992), who associates usability and utility with different disci-
plines. Utility is defined first by the product managers, usability being subsequently opti-
mized by the designers. Grudin heavily stresses a more integrated design process, but does
not suggest that the concepts themselves should be merged.

3.3.2 A model of instrumental quality perceptions

Davis (1989) was able to show that from the user’s perspective both the perception of the
utility and the usability are important for the intention to use a system. The two dimensions as
included in his model are defined as usefulness (relating to the perceived utility of a system)
and ease of use (relating to the perceived usability of a system). Davis (1989) describes per-
ceived usefulness as “... the degree to which an individual believes that using a particular
system would enhance his or her job performance” and perceived ease of use as “... the de-
gree to which an individual believes that using a particular system would be free of physical
and mental effort™ (p. 320). A range of empirical studies verified the importance of these two
dimensions (Davis, Bagozzi & Warshaw, 1989; Adams, Nelson & Todd, 1992; Hendrickson,
Massey & Cronan, 1993; Segars & Grover, 1993; Subramanian, 1994). All argue that from
the user’s perspective both utility and usability determine the instrumental value of an interac-
tive system. This assumption is illustrated in Figure 3.3.
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Figure 3.3: Instrumental quality perceptions.

While the concept of perceived utility is sufficiently defined by Davis (1989), different ap-
proaches have been made to define the concept of perceived usability in more detail. Shackel
(1991) argues that for a system to be perceived as usable it has to achieve defined levels on
the following four scales:

o effectiveness, meaning the results of interaction in terms of speed and errors;

¢ learnability, meaning the relation of performance to training and frequency of use;

o flexibility, allowing adaptation to tasks and environments beyond those first specified;
e attitude, associated with acceptable levels of human costs in terms of tiredness, dis-

comfort, frustration and personal effort.

Nielsen (1993) considers five similar criteria: efficiency, errors, learnability, memorability
and satisfaction. While the models on perceived usability by Shackel (1991) and Nielsen
(1993) are based on theoretical assumptions, Kirakowski (1996) based the following dimen-
sions of perceived usability on empirical results:

o efficiency as a measure of the user’s perception of temporal efficiency and mental
workload caused by the interaction;

e controllability addresses the responses the product gives to the user’s actions;
o helpfulness as the perceived quality of the messages the system provides;

o learnability as the perceived effort of learning, memorability, and quality of documen-
tation.

As a variety of studies replicated these dimensions (e. g. Kirakowski & Corbett, 1993), this
categorization is used in Figure 3.3 to distinguish sub-dimensions of perceived usability. Fur-
thermore, Kirakowski (1996) considers the role of affect. Aspects that relate to this dimension
are discussed in the following sections on non-instrumental quality perceptions and emotional
user reactions.
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3.4 Non-instrumental quality perceptions

The importance of non-instrumental qualities for product evaluations has already been dis-
cussed in Chapter 2 (e.g. Crilly et al., 2004; Hassenzahl, 2004b; Tractinsky, 2004). Before
proposing an integrative model that incorporates diverse dimensions of non-instrumental
quality perceptions in user experience research, this section discusses the concept of non-
instrumental qualities in general.

34.1 Defining non-instrumental quality perceptions

Non-instrumental qualities of an interactive system satisfy user needs that go beyond the mere
instrumental value of the product or as Logan (1994) describes it *“... serve needs beyond the
functional objective” (p. 61). Various contributions have been made that underline the impor-
tance of products to satisfy user needs beyond the instrumental value. Already, Shackel
(1991) discusses the role of what he called likeability of an interactive product to influence
system acceptance. Even before this, Belk (1988) portrays how consumers extend their selves
into things such as places, experiences, ideas, and objects perceived to be ‘mine’. In this
sense, an interactive product can have a symbolic value to its user. Norman (2004) goes even
further and discusses the role of memories associated with products to be important on a re-
flective level of interactive product use.

Aesthetics of an interactive product are regarded as another essential aspect and are defined
for example by Rafaeli and Vilnai-Yavetz (2004) as ““... the sensory experience a product
elicits, and the extent to which this experience fits individual goals and spirits” (p. 95). Has-
senzahl (2007) proposes a similar definition of aesthetic judgment as “... the sensory nature
of input to judgment” (chap. 11). As Hassenzahl (2007) emphasizes the role of visual aesthet-
ics, other authors stress the importance of other senses in the experience of interactive prod-
ucts — in particular acoustic and haptic quality aspects (Schifferstein, 2005).

Only few authors argue for the importance of a motivational role of interactive systems. Has-
senzahl (2006) applies Ryan and Deci’s (2000) self-determination theory to argue for the im-
portance of experiencing a sense of competence, i.e. to take on and master hard challenges.
Millard et al. (1999) focus on the design of motivational user interfaces and apply these ideas
to software interfaces for call center workers.

3.4.2 A model of non-instrumental quality perceptions

On the basis of these definitions Mahlke, Lemke and Thiring (2007) propose a hierarchical
model of non-instrumental qualities (Figure 3.4). Additional to aesthetic and symbolic quali-
ties, motivational aspects are included.
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Figure 3.4: Non-instrumental quality perceptions.

Aesthetic aspects of non-instrumental quality are divided into various dimensions related to
the human senses. Visual, haptic, and acoustic perceptions are most relevant in human-
technology interaction and therefore stated in the model. Visual aesthetics of products is de-
fined as the extent to which sensory (e.g. colors, see Laugwitz, 2001) and formal (e.g. shapes,
see Leder & Carbon, 2005) attributes of a product provide positive visual experiences for the
user (Lang, 1988). Process theories can explain the visual aesthetic experience in more detail
(Lindgaard & Whitfield, 2004; Leder et al., 2004; Reber et al., 2004; Hekkert et al., 2003).

Next to visual aspects, aesthetic perceptions related to other senses are also important. Schif-
ferstein (2005) studied the role of vision, hearing, touch, taste, and smell for evaluations of a
variety of products. He found that averaged over products vision is the most important sen-
sory modality, but for about half of the individual products, the importance ratings for vision
are lower than for one of the other modalities. For interactive products especially haptic and
acoustic quality is important. Haptic quality of products is defined as the extent to which sen-
sory (materials) and formal (forms) attributes of a product provide positive haptic experiences
for the user (Ashby and Johnson, 2002). Acoustic quality is defined as the extent to which
sensory attributes (loudness, frequency) of a product provide positive acoustic experiences for
the user (Lyon, 2003; Jekosch, 2004). Although taste and especially smell have been studied
in human-technology interaction (Lauriault & Lindgaard, 2006; Davis, Davies, Haddad &
Lai, 2006), they are not included here, because they do not play a relevant role in today’s in-
teractive product design.

Regarding symbolic qualities, two dimensions can be distinguished: communicative and asso-
ciative aspects. Communicative aspects are related to the messages that a product communi-
cates. They relate to the expression of unique aspects of either one’s personality or group
membership as described in Crilly et al. (2004). So-called self-expressive symbolism relates
to individual qualities, values and attributes and serves to differentiate the user from the peo-
ple that surround her or him. The categorical symbolism associated with products allows the
expression of group membership, including social position and status. These categorical
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meanings serve to integrate the user with those people around. Both self-expressive and cate-
gorical aspects are summarized in the dimension of communicative symbolism and are de-
fined as the extent to which communicative attributes (personal values, group membership) of
a product provide positive experiences for the user.

Associative aspects are concerned with personal memories as described for example by Nor-
man (2004). These personal memories can be related to a specific product or only to proper-
ties of a product (form, materials) that have already been experienced. For example, the use of
wood may evoke images of craftsmanship, while the use of metal may be associated with pre-
cision. Associative symbolism is defined as the extent to which a product’s associative attrib-
utes (personal memories) provide a positive experience for the user.

The third category of non-instrumental qualities focuses on motivational aspects. Motiva-
tional qualities can be defined as the perceived ability of a product to motivate the user. It
includes non-instrumental qualities like for example described in Hassenzahl’s (2003) con-
cept of stimulation.

In summary, a hierarchical approach to non-instrumental quality perceptions in human-
technology interaction research is proposed that considers three categories of non-
instrumental quality: aesthetic, symbolic, and motivational aspects. Sub-dimensions of these
categories are defined that can be used to measure non-instrumental quality perceptions (Sec-
tion 4.2).

3.5 Emotional user reactions

Some approaches to emotions in human-technology interaction have already been discussed
in Chapter 2 (e.g. Desmet, 2003a; Norman, 2004; Rafaeli & Vilnai-Yavetz, 2004). Before
proposing a different approach, a brief overview of psychological research is given to illus-
trate the main problems when dealing with emotions in human-technology interaction.

3.5.1 Defining emotional user reactions

Even though the literature on emotions offers competing models to define emotions, they
agree on the following: emotions have to be distinguished from moods, emotional traits, or
sentiments (Frijda, 1994). Emotions are intentional because they imply and involve the rela-
tion between a person experiencing them and a particular object, i.e. one is afraid or proud of
something. In contrast, moods, emotional traits, and sentiments lack this relation and also
have rather a long-term character ranging from hours to a lifetime.

Models to structure emotions can be divided in categorical and dimensional approaches. Cate-
gorical approaches define a set of basic emotions. For example, Ekman (1992) proposes seven
basic emotions: surprise, joy, sadness, disgust, fear, anger, and contempt. These are the basis
for combinations that are called secondary emotions. Although several proposals have been
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made for relating secondary emotions to basic emotions (including fusing, blending, mixing,
and compounding), no details are offered about how most pleasant emotions can be derived
from the basically unpleasant.
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Figure 3.5: Dimensional approach to emotions (Russell, 1980;
horizontal axis valence, vertical axis arousal).

Dimensional approaches to emotions define a number of dimensions to describe emotional
qualities and generate a dimensional space that includes all possible emotions. For example,
Russell (1980) defines valence and arousal as two basic dimensions that describe the quality
of an emotion (Figure 3.5). Russell (1980) showed that specific emotions are arranged as a
circumplex in the two dimensions. An advantage of dimensional approaches is that they allow
smooth transitions between different qualities of emotions.

Over the past 25 years, there have also been many cognitive approaches to emotions (Scherer,
1984; Oatley & Johnson-Laird, 1987; Smith & Ellsworth, 1985; Ortony et al., 1988; Frijda,
1988; Lazarus, 1991; Roseman, 2001), which examine the role of cognition in the develop-
ment process of emotions. In other words, they deal with the question why the same situation
can induce different emotions depending on how a person interprets the situation. All cogni-
tive theories propose a set of dimensions that are relevant for the interpretation of a situation
in relation to the development of emotions. Although the proposed dimensions differ to some
extent, efforts have been recently made to find an integrative model of cognitive appraisals
(Ellsworth & Scherer, 2004).

However, Zajonc (1980) questions the view of emotions as consequences of a cognitive ap-
praisal. He shows that emotional reactions can be instantaneous without cognitive processing.
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And indeed, neurophysiology has discovered a neural shortcut that takes information from the
senses directly to the part of the brain responsible for emotional reactions before higher order
cognitive systems have had a chance to intervene (LeDoux, 1995). Nonetheless, these instan-
taneous emotional reactions differ from complex emotions such as hate, love, disappointment,
or satisfaction. They are more diffuse, mainly representing a good/bad feeling of various in-
tensities about an object, person, or event. To distinguish this type of emotional reaction from
the more complex discussed above, they are often called affective reactions in contrast to
emotions. Immediate, unmediated affective reactions are shown to be often used as informa-
tion influencing and guiding future behavior (Schwarz & Clore, 1983). Damasio (1994) de-
velops the notion of somatic markers attached to objects, persons or events, which influence
the way we make choices by signaling good or bad. Although this is an interesting additional
perspective on emotional reactions, it will not be covered in the following.

Emotion research suggests that emotions represent a complex phenomenon consisting of reac-
tions at various component levels (e.g. Scherer, 1984). No single parameter or component can
index emotional states unambiguously. Therefore the assessment of user’s emotional reac-
tions can be improved by combining methods that are associated with different components of
an emotion. Larsen and Fredrickson (1999) state that emotion measures come in many forms
and — in their opinion — should be used in many forms. Perhaps most important, no single
emotion measure can serve as gold standard for other emotion measures. Every type of emo-
tion measurement has its strengths and weaknesses and each one only provides an incomplete
picture of emotional processes. So, to the extent that emotions evoke changes across numer-
ous channels and component systems, data streams from those various channels should be
collected in synchrony. Cross-referencing multiple measures of emotions increases the
chances of pinpointing emotions and discerning their precursors and effects.

352 A model of emotional user reactions

Most methodological approaches to emotions in human-technology interaction fail to account
for the multi-component character of human emotions. Nonetheless, a number of psychologi-
cal theories address this fact and define emotions as complex phenomena consisting of
changes in different relevant subsystems. Various models describe relevant components of
emotions and can be used in human-technology interaction to consider the multi-component
character of emotions. lzard (1977) proposes an emotional triad that comprises subjective
feelings, physiological activation, and motor expressions. In a model by Scherer (1984), this
triad is connected to two other components, i.e. cognitive appraisals and behavioral tenden-
cies (Figure 3.6). Other authors integrate motor expressions and behavioral tendencies in one
component and call it ‘conative’ (Lazarus, 1991) or ‘behavioral’ (Larsen & Fredrickson,
1999). Irrespectively of the exact composition of these models, they presume that all compo-
nents are important to understand human emotions.
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Figure 3.6: Emotional user reactions.

Scherer (1984, 2001) connects each of the components in Figure 3.6 to an organismic subsys-
tem and proposes that each system has a special emotional function: the function of the sub-
jective feeling component is to monitor the internal state and organism-environment interac-
tions, while physiological reactions represent activation and regulation processes both of the
neuroendocrine and the autonomic system. The role of behavioral tendencies is to prepare
reactions, while motor expressions serve to communicate behavioral tendencies. Scherer
(2001) places a focus on cognitive appraisals that are relevant for the evaluation of objects
and events and are thereby modeled in more detail in his approach.

He characterizes the appraisal process as a sequence of stimulus evaluation checks based on
five dimensions: intrinsic pleasantness, novelty, goal conduciveness, coping potential, and
norm/self compatibility. Novelty is connected to familiarity and predictability of the occur-
rence of a stimulus, while the intrinsic pleasantness dimension describes whether a stimulus is
likely to result in a positive or negative emotion. A goal relevance check establishes the im-
portance of a stimulus for the momentary hierarchy of a person’s goals and needs. The dimen-
sion of coping potential captures the extent to which an event can be controlled or influenced
and norm/self compatibility is connected to internal and external standards. As already men-
tioned, other authors have proposed different dimensions (e.g. Lazarus, 1991; Ortony et al.,
1988), but they also argue that any emotion is regarded as a specific pattern of cognitive ap-
praisals and specific states of the other components. In comparison to contribution that ex-
plain the development of product-specific emotions (Desmet & Hekkert, 2002; Rafaeli & Vil-
nai-Yavetz, 2004), Scherer’s model has the advantage that it explains the appraisal of emo-
tions more generally.

Summarizing, a multi-component approach to emotions in human-technology interaction re-
search is proposed that considers five aspects of emotions defined by Scherer (1984): subjec-
tive feelings, physiological reactions, motor expressions, cognitive appraisals, and behavioral
tendencies. Furthermore, Scherer’s (2001) model to further define cognitive appraisals is ap-
plied and Russell’s (1980) dimensional approach to describe emotional qualities is used to
study the quality of subjective feelings. So emotional user reactions are defined in more detail
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then in other contributions like Norman (2004) and specific emotional states like fun of use
(Carroll & Thomas, 1988) or pleasure (Jordan, 2000) are integrated.

3.6 Consequences of user experience

Perceptions of instrumental and non-instrumental qualities as well as emotional user reactions
determine the consequences of user experience (Figure 3.1). Consequences incorporate the
acceptance of the system and usage behavior. Acceptance ratings can be seen as overall judg-
ments of a product or system. Next to overall ratings, the choice between alternatives can play
a role if more than one system is available for a specific purpose. If only one system is avail-
able, the intention to use this system and the actual usage behavior can be considered as con-
sequences of user experience. Therefore, three categories of consequences of user experience
are discussed in the following: overall judgments, choices between alternatives, and usage
behavior (Figure 3.7).

Consequences of the user experience

Qverall judgments
Choice between alternatives

Usage behavior

Figure 3.7: Consequences of the user experience.

3.6.1 Overall judgments

An overall judgment of an interactive product can be one consequence of user experience.
Acceptance or overall ratings are forms to assess users’ overall judgments (e.g. Kollmann,
2004). Hassenzahl et al. (2000) define the concept of judgment of appeal as a global judgment
about an interactive product. They assume that weighting and combining different aspects of
the quality of a system may form the judgment.

3.6.2 Choice between alternatives

If various options are available, choices between alternatives can be seen as another conse-
quence of user experience. Decision for one alternative and rankings are forms to assess
choices between various options.

3.6.3 Usage behavior

Davis (1989) uses the intention to use an interactive system as the target variable of his re-
search on technology acceptance. He derives this concept from earlier theories in psychology
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that aimed at explaining why people show a certain behavior (Ajzen & Fishbein, 1980) and
shows that users’ intention to use a specific interactive system is a good predictor for their
actual usage behavior. However, to measure usage behavior the actual interaction of a user
with an interactive system has to be observed. Indeed, the collection of usage data can be
automated, but actual usage behavior is complex to study, because only long-term studies can
give insights regarding this consequence of user experience. Therefore, the studies described
in Chapter 5 to 7 focus on overall judgments and choices between alternatives.

3.7 Interrelations of user experience components

In the last sections, the components of the research framework have been discussed in detail.
Three categories of antecedents of user experience have been introduced: system properties,
user characteristics, and context parameters. Various models of instrumental quality percep-
tions have been considered and approaches by Davis (1989; incorporating usefulness and us-
ability as general instrumental qualities) and Kirakowski (1996; defining efficiency, control-
lability, helpfulness, and learnability as dimensions of usability) have been chosen for further
theoretical consideration. A model of non-instrumental quality perceptions has been intro-
duced that incorporates aesthetic, symbolic, and motivational aspects. Emotional user reac-
tions have been defined based on the multi-component approach to emotions by Scherer
(1984), which incorporates the following aspects: subjective feelings, motor expressions,
physiological reactions, cognitive appraisals, and behavioral tendencies. Finally, overall
judgments, choices between alternatives, and usage behavior have been introduced as three
consequences of user experience. In Figure 3.7 these assumptions are integrated into the over-
all research framework on user experience. Three categories of influencing factors are as-
sumed to have an impact on the human-technology interaction, which in turn determines the
user experience consisting of three distinct components.

In the user experience framework, it is assumed that the process of experiencing the interac-
tion exclusively influences the perception of instrumental and non-instrumental quality per-
ceptions. It is self-evident that the experience of interaction determines the perception of in-
strumental and non-instrumental qualities - not so however the influence on emotional user
reactions. Various authors discuss a direct influence of the interaction on the affective com-
ponents of user experience. For example, Hassenzahl (2006) differentiates emotions as conse-
quences of product use and affective reactions. Referring to Zajonc (1980), Schwarz and
Clore (1983), Damasio (1994), and LeDoux (1994), he describes how affective reactions can
influence the cognitive processing of information about the interactive product. These affec-
tive reactions may in particular play a role in the perception of aesthetic aspects since aes-
thetic appreciation is often described as a partly affective process (Hassenzahl, 2007).
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Figure 3.7: User experience research framework with sub-models.

However, no direct link between the human-technology interaction and emotional user reac-
tions is drawn in the framework because of several reasons. First of all, affective reactions are
extremely difficult to investigate, because they occur in short time intervals and are not easy
to access. More importantly though, the question remains how affective reactions and emo-
tional consequences are distinguished. As the border between these two categories proposed
by Hassenzahl (2006) is unclear, only emotional user reactions are incorporated in this re-
search framework and are not directly linked to the interaction. Thus, emotional user reactions
are proposed to be influenced by both instrumental and non-instrumental quality perceptions
(Rafaeli & Vinali-Yavetz, 2004).

Furthermore, no direct connection between instrumental and non-instrumental quality percep-
tions is postulated in the framework, although previous research has shown for example an
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influence of perceived visual aesthetics on perceptions of usability (Tractinsky, Katz & Ikar,
2000). However, Hassenzahl (2007) discusses these findings as a result of attribute overlap.
He argues that the findings can be explained by the fact that the system attributes that have
been altered to influence visual aesthetics are also related to usability. The question of a direct
influence between instrumental and non-instrumental quality perceptions are addressed in the
following empirical studies.

All three user experience components have an influence on the consequences of user experi-
ence (Crilly et al., 2004; Creusen & Schoormans, 2005). The actual relevance of each compo-
nent is one of the research questions that are addressed in the empirical studies. All methodo-
logical and empirical research goals that result from the framework are summarized in the
following.

3.8 Detailed research goals based on the framework

Based on the user experience framework a variety of methodological and empirical research
questions arise. These are discussed in this section and treated in Chapters 4 to 7.

3.8.1 Methodological research goals

Instrumental and non-instrumental quality perceptions as well as emotional user reaction are
defined as central user experience components. The methodological part will consider how to
measure these three components (Chapter 4). The measurement of instrumental quality per-
ceptions in human-technology interaction has been a focus of attention for a long time. Vari-
ous approaches exist and can be used to study instrumental quality perceptions as part a of
user experience. A selection of approaches is discussed in Section 4.1 and recommendations
are given regarding the use of the associated methods. The measurement of non-instrumental
quality perceptions and emotional user reactions is relatively new. Therefore, the methodo-
logical focus is set on the measurement of these components. The sub-models on both com-
ponents that have been described in this chapter are used as a basis to integrate existing meth-
ods and to deliver a comprehensive measurement approach to non-instrumental quality per-
ceptions (Section 4.2) as well as emotional user reactions (Section 4.3). Regarding both user
experience components, a study has been conducted that compares the proposed dimensions
of the sub-models empirically and proves the viability of the approaches for the measurement
of non-instrumental quality perceptions and emotional user reactions.

3.8.2 Empirical research goals

A variety of empirical research questions arise from the user experience framework. In par-
ticular, the proposed interrelations between its components require empirical testing. Table
3.1 gives an overview of the three studies presented in Chapter 5 to 7 and the components on
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which they focus. The empirical research questions addressed in the studies are described in

the following.

Table 3.1: Overview of the components of the research framework focused in Studies 1 to 3.

Components of the research

framework Construct Study 1 Study 2 Study 3
System properties X X X
Influencing factors User characteristics X
Context parameters X
Human-technology interac- I_nteraction characteris- X X X
tion tics
Instrumental quality percep- ~ Perceived usefulness X
tions Perceived usability X X X
. _ Aesthetic aspects X X X
lgle()&;gnnsstrumental quality per- Symbolic aspects «
(Motivational aspects)
Subjective feelings X X X
Motor expressions X
Emotional user reactions Physiological reactions X
Cognitive appraisals X
(Behavioral tendencies)
Overall judgments X X X
Consequences Choice of alternatives X X

(Usage behavior)

The influence of system properties on quality perceptions is investigated in all three studies.
While Study 1 considers a variety of system properties (presentation, dialogue, and appear-
ance), Studies 2 and 3 focus on selected system properties that are related to the perception of
usability and visual aesthetics. The impact of user characteristics and context parameters on
quality perceptions is incorporated in Study 3. By varying system properties, user characteris-
tics, and context parameters experimentally, the impact of variations of these influencing fac-
tors on emotional user reactions and consequences of user experience is studied.

No direct influence between instrumental and non-instrumental quality perceptions has been
defined in the framework. Studies 2 and 3 focus on the interrelation of these components
(Tractinsky et al., 2000; Hassenzahl, 2007). Furthermore, all three studies provide data about
the interrelations of quality perceptions and emotional user reactions. Study 1 focuses on sub-
jective feelings, Study 2 adds motor expressions and physiological reactions and Study 3 con-
centrates on the interrelations of quality perceptions and cognitive appraisals.
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All three studies question the influence of instrumental and non-instrumental quality percep-
tions as well as emotional user reactions on consequences of user experience. While Studies 1
and 2 incorporate both overall judgments and choices between alternatives, Study 3 focuses
exclusively on overall judgments.

Motivational aspects, behavioral tendencies, and usage behavior as a consequence of the user
experience are not studied in the experiments (Table 3.1). Motivational aspects as non-
instrumental qualities and behavioral tendencies as one aspect of emotional user reactions are
both not addressed in the experiments because of the methodological challenges to assess
them. The same applies to the study of usage behavior, which requires long-term studies. For
practical reasons they are not incorporated.

Summarizing, Study 1 focuses on the influence of a whole range of system properties on the
perception of various instrumental and non-instrumental qualities as well as subjective feel-
ings as one aspect of emotional user reactions. Overall judgments and the choice between
alternatives are studied as consequences of user experience. Study 2 concentrates on system
properties that influence the perception of usability (as an example of a perceived instrumen-
tal quality) and visual aesthetics (as an example of a perceived non-instrumental quality). The
results explain whether instrumental and non-instrumental quality perceptions influence each
other. Furthermore, the influence of the variation of system properties on the emotional user
reaction aspects of subjective feelings, facial expressions, and physiological reactions is stud-
ied. Overall judgments and alternative choices are incorporated as consequences of user ex-
perience. In Study 3, a similar variation of system properties is complemented with a varia-
tion of a user characteristic (cultural background) and a context parameter (tasks vs. explora-
tion). Subjective feelings and cognitive appraisals are studied as aspect of emotional user re-
actions. Furthermore, Study 3 focuses on overall judgments as one consequence of user ex-
perience. Finally, the centrality of visual product aesthetics is investigated as another user
characteristic in Study 3.

3.9 Chapter summary

The alternative framework to existing user experience approaches that is presented in this
chapter concentrates on five main components and their interrelations: influencing factors,
instrumental quality perceptions, non-instrumental quality perceptions, emotional user reac-
tion, and consequences of user experience.

System properties, user characteristics, and context parameters are defined as categories of
influencing factors. Perceived usefulness and usability are aspects of instrumental qualities,
while three categories of non-instrumental quality perceptions are distinguished: aesthetic,
symbolic, and motivational aspects. Sub-dimensions of instrumental and non-instrumental
quality categories are available to measure these quality perceptions. Emotional user reactions
are categorized using a multi-component approach to emotions by Scherer (1984) that defines
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five aspects of emotions: subjective feelings, physiological reactions, motor expressions, cog-
nitive appraisals, and behavioral tendencies. Russell’s (1980) dimensional approach to de-
scribe emotional qualities of subjective feelings and Scherer’s (2001) model of cognitive ap-
praisal dimensions specify the approach to emotional user reactions. Finally, overall judg-
ments, choices between alternatives, and usage behavior are defined as consequences of user
experience.

The following interrelations of user experience components are highlighted in the framework.
Influencing factors are assumed to have an impact on the actual interaction that is experienced
by the user. Instrumental and non-instrumental quality perceptions are influenced directly,
while emotional user reactions are connected to user’s quality perceptions. All three compo-
nents are assumed to have an impact on the consequences of user experience.
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4 Methodology

Methods to measure the three central components of user experience as described in the
framework are the focus of this chapter. Based on the theoretical background and their de-
scription in the research framework, various methods that are applicable for the measurement
of instrumental and non-instrumental quality perceptions as well as emotional user reactions
are discussed. As a long tradition in human-technology interaction research exists on the
measurement of perceived instrumental qualities, only a brief description is given on existing
methods in this area (Section 4.1). Since the measurement of non-instrumental qualities and
emotional user reactions in human-technology-interaction is relatively new, the discussion of
methods to measure these components is more comprehensive. For both components a model
has been presented in the previous chapter to structure the contributing aspects. These models
are used to structure available methods and a study is described for both non-instrumental
qualities (Sections 4.2) and emotional user reactions (Sections 4.3) to compare different meth-
ods.

4.1 Measuring instrumental quality perceptions

Instrumental qualities have been the main focus of evaluations of interactive systems. Various
methods have been developed to measure a user’s perception of instrumental qualities next to
the assessment of the effectiveness and efficiency of the interaction. Two different perspec-
tives on the measurement of instrumental qualities can be found. While researchers from
management information science are interested in why existing computer systems are adopted
or not, their colleagues form the area of user-centered design need methods to evaluate inter-
active systems already during the development process to give recommendations for im-
provement and check for benchmarks. The first line of research focuses on the so-called tech-
nology acceptance and questionnaires are developed to measure the important concepts to
explain it. User satisfaction on the other hand is the main concept in the area of user-centered
design. Selected measurement tools taken from each of the perspectives are introduced and
discussed in the following.

58



4.1.1 Instrumental qualities and technology acceptance

The Technology Acceptance Model (TAM) by Davis (1989) is the most established approach
in the technology acceptance literature. As already described in Chapter 2, it is a theory that
models how users come to accept and use a technology. The model suggests that two factors
influence users’ decisions about how and when they will use a new system: perceived useful-
ness and ease of use. Perceived usefulness is defined as the degree to which a person believes
that using a particular system would enhance his or her job performance, and perceived ease-
of-use is described as the degree to which a person believes that using a particular system
would be free from effort.

Several researchers have replicated Davis’s original study (1989) to provide empirical evi-
dence on relationships that exist between usefulness, ease of use, and system use (Adams,
Nelson & Todd, 1992; Hendrickson et al., 1993; Szajna, 1994). Adams et al. (1992) replicated
the work of Davis (1989) to demonstrate the validity and reliability of his instrument and his
measurement scales. They also extended it to different settings and demonstrated the internal
consistency and replication reliability of the two scales. Hendrickson et al. (1993) found high
reliability and good test-retest reliability. Szajna (1994) demonstrated that the instrument has
predictive validity for intent to use, self-reported usage, and attitude toward use. The sum of
this research confirms the validity of the instrument and supports its use with different popu-
lations of users and different interactive system choices.

4.1.2 Instrumental qualities and user satisfaction

Several questionnaires have been developed to measure user satisfaction with focus on in-
strumental qualities. Three of the most common questionnaires have already been mentioned
in Chapter 2 and are presented in the following: the System Usability Scale (Brooke, 1996),
the Questionnaire for User Interaction Satisfaction (Chin et al., 1988), and the Subjective Us-
ability Measurement Inventory (Kirakowski, 1996).

The System Usability Scale (SUS) is a simple, ten-item attitude scale giving a global view of
subjective assessments of usability (Brooke, 1996). It has been developed as a tool to be used
in usability engineering of electronic office systems. SUS is generally considered as providing
a high-level subjective view on usability and is often used to compare the usability of differ-
ent systems. SUS is freely available, easy to apply, and does not take much time to fill in.
However, in comparison to other questionnaires the user’s judgment is very superficial.

The Questionnaire for User Interaction Satisfaction (QUIS) has been developed based on the
scale for “User evaluation of interactive computer systems’ presented by Shneiderman (1986).
Many versions have been introduced with different amounts of subscales, items and levels of
reliability (Chin et al. 1988). The dimensions of QUIS version 7 are: screen factors, terminol-
ogy and system information, learning factors, system capabilities, technical manuals and on-
line help, multimedia, and system installation. Quite high reliability coefficients have been
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reported for all dimensions (overall reliability for version 4 Cronbach’s alpha 0.89, Chin et al.
1988).

The dimension screen factors refers to beliefs concerning interface properties on the lexical
level, fonts, and highlighting, but also covers the logic of the interface, like the sequence of
screens, user control, error recovery, and compatibility of operational sequences. Terminol-
ogy and system information measures the understandability of the messages with related
items. Learning covers not only the experience of learning, but also addresses beliefs concern-
ing specific system characteristics such as feedback, logic of sequences, and intuitiveness.
System capabilities refer to the users’ experiences regarding the speed of performance, reli-
ability, noise, error handling capabilities, and the flexibility of the system in relation to the
user’s experience.

Many of the items in QUIS resemble a selection from an expert evaluation checklist rather
than questions measuring user satisfaction. One may suspect that users are not likely to con-
sider these kinds of attributes spontaneously if not explicitly asked. Thus, QUIS operates be-
tween the designer domain of concrete product attributes and the user domain of subjective
experience. Due to its many references to concrete product attributes, QUIS cannot be
adapted for other interactive devices than software in visual display terminals.

The Software Usability Measurement Inventory (SUMI) aims at measuring the perceptions
and feelings of a typical user (Kirakowski, 1996). In addition to its rating scales, SUMI pro-
vides software for scoring and a standardized reference database to support evaluation. This
allows relating the scores of an individual measurement to the SUMI database to get an over-
view of the usability of a product without having to compare several alternatives. The five
subscales of SUMI are efficiency, helpfulness, control, learnability, and affect. A sixth di-
mension measures an overall satisfaction value. Each sub-scale consists of ten items answered
according to the alternatives agree-undecided-disagree. Reliability levels of the subscales
range from Cronbach’s alpha 0.71 to 0.85, and Cronbach’s alpha 0.92 for the global usability
measurement.

Efficiency is a measure of the user’s perception of temporal efficiency and mental workload
caused by the interaction. Helpfulness refers to the perceived quality of the messages the sys-
tem provides. Control addresses the responses the product gives to the user’s actions. Learn-
ability refers to the perceived effort of learning, memorability, and quality of documentation.
At last, affect refers to “... the user feeling good, warm, happy or the opposite as a result of
interacting ... independent of operational aspects and to be about plain feelings” (Kira-
kowski, 1996, p. 172). Even though the items which measure affect already relate to non-
instrumental and emotional aspects, the dimension does not provide a comprehensive ap-
proach to these aspects of user experience.
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4.1.3 Conclusions

The approach taken by Davis (1989) in his Technology Acceptance Model (TAM) integrates
the user’s perspective on utility and usability of an interactive product and offers a measure-
ment tool to assess both aspects of instrumental qualities. With the goal to receive a more
detailed view on perceived usability, Brooke (1996) introduced the System Usability Scale,
which was one of the first user satisfaction questionnaires in the area of usability, although it
differs not much from the perceived ease of use scale introduced by Davis (1989). The Ques-
tionnaire for User Interaction Satisfaction (Chin et al., 1988) measures various sub-dimension
of usability and gives a more detailed view on a user’s perception of instrumental qualities,
but cannot be adapted for other interactive devices than software products. The Software Us-
ability Measurement Inventory (Kirakowski, 1996) is today the most used subjective usability
instrument. It can be used for a detailed assessment of perceived usability and applied to dif-
ferent domains of interactive systems. Accordingly, to measure perceived usability in detail,
SUMI offers a practical and well-grounded approach.

In summary, the TAM and SUMI questionnaires can be seen as practical measurement tools
to assess instrumental qualities on different levels of detail. While TAM provides an overall
perspective on instrumental qualities, SUMI offers a detailed view on perceived usability.
However, when using SUMI, it has to be kept in mind that the dimension called affect already
incorporates emotional and non-instrumental aspects of the user experience. To measure non-
instrumental quality perceptions and emotional user reactions in detail more comprehensive
approaches should be applied that are discussed in the following sections.

4.2 Measuring non-instrumental quality perceptions

Non-instrumental qualities are defined as quality aspects of an interactive system that address
user needs beyond efficient task accomplishment. In Section 3.4.2, a sub-model has been in-
troduced that defines three categories of non-instrumental quality perceptions: aesthetic, sym-
bolic, and motivational aspects. In this section, the focus is on methods to measure these di-
mensions of non-instrumental quality perceptions of interactive systems.

4.2.1 Methods to measure non-instrumental quality perceptions

As already discussed in Chapter 2, a variety of models and frameworks stress the importance
of non-instrumental qualities. Although, there is a broad discussion of non-instrumental qual-
ity aspects and their application to design, only a few validated approaches for their quantita-
tive measurement exist. This fact complicates further research on their importance and inter-
play with other aspects of user experience. Available methods to measure the discussed di-
mensions of non-instrumental quality are described below. For dimensions that are rarely fo-
cused in the field of human-technology interaction, also measurement approaches from con-
tiguous fields are discussed.
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Aesthetic aspects

Visual aspects of products have often been stated as most relevant for users’ aesthetic re-
sponse (Bloch, 1995). Various approaches exist to assess the visual aesthetics of interactive
products. For example, Kleiss and Enke (1999) used 18 pairs of bipolar attributes to assess the
visual appearance of automotive audio systems. Nonetheless, like in other approaches some of
the items also represent instrumental and symbolic qualities. Schenkman and Jonsson (2000)
used seven variables to assess visual aesthetics: complexity, legibility, order, beauty, mean-
ingfulness, comprehension, and overall impression. However, each variable is only repre-
sented by one item and the names of the concepts are ambiguous. Lavie and Tractinsky
(2004) present the most validated approach to the measurement of visual aesthetics in human-
technology interaction. They developed a questionnaire based on four empirical studies that
consists of two main dimensions of visual aesthetics, which they named “classical aesthetics’
and ‘expressive aesthetics’. The classical aesthetics dimension pertains to aesthetic notions
that emphasize orderly and clear design. The expressive aesthetics dimension is manifested by
the designers’ creativity and originality and by the ability to break design conventions. To
measure each of the dimensions they give a five-item scale. One weakness of this approach is
outlined by Hassenzahl (2007). He argues that the dimension of expressive aesthetics meas-
ures more symbolic or motivational aspects that are conveyed by visual attributes of an inter-
active product than directly focusing on aesthetic aspects. Nonetheless, the dimension of clas-
sical aesthetics proposed by Lavie and Tractinsky (2004) can be considered as one validated
dimension to measure visual aesthetics in human-technology interaction.

Haptic quality is defined as a second aspect of aesthetic quality of interactive products. Al-
though haptic and especially tactile aspects of product use are generally seen as important
(MacDonald, 2001), not many tools exist to assess users’ perceived haptic quality of interac-
tive products. Jordan (2000) introduces the concept of physio-pleasure that focuses mostly on
haptic aspects of product perception. He proposes a couple of items like, ’... the product feels
good in the hand’, “... the buttons feel good to touch’, or “... the product can be comfortably
carried’. These recommendations can be used to measure haptic quality of interactive prod-
ucts.

Acoustic quality is also considered in different areas of technology use. For example, speech
quality plays an important role in the evaluation of spoken dialogue systems (Moller, 2005;
Jekosch, 2004). Acoustic quality is also studied as an aspect of multimedia quality (Watson &
Sasse, 1998). In these areas, measurement approaches are used to assess subjective quality of
speech and audio that have been standardized and recommended for example by the Interna-
tional Telecommunications Union (ITU, 2004). However, for the assessment of speech qual-
ity, single 5-point rating scales are recommended, which only give a general assessment of
acoustic quality. In the general area of sound quality, more detailed approaches can be found.
For example, Farina (2001) used 14 pairs of attribute descriptions to assess perceived acoustic
quality.
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Symbolic aspects

Symbolic aspects are defined as another category of non-instrumental qualities in Chapter 3
and an associative and a communicative dimension are distinguished. Although, this distinc-
tion can be theoretically justified, existing measurement approaches on symbolic qualities in
human-technology interaction do not apply this differentiation. Tractincky and Zmiri (2006)
used a five-item scale to measure symbolism. The scale mixes associative (... the product
represents likeable things’, ‘... creates positive associations’) and communicative (‘... the
product communicates a positive message about user’, ‘... communicates desirable image’,
‘... fits personality’) aspects. Hassenzahl (2004b) introduced the concept of identification as a
symbolic quality that is associated with communicative aspects. Summarizing, new measure-
ment scales are needed that focus separately on associative and communicative aspects of
symbolic quality of interactive products.

Motivational aspects

Motivational qualities are integrated in the sub-model of non-instrumental qualities, although
most other approaches to user experience do not consider them (Crilly et al., 2004; Rafaeli &
Vilnai-Yavetz, 2004). This might be one reason why almost no approach to measure motiva-
tional aspects of interactive products exists. The dimension of stimulation proposed by Has-
senzahl (2004b) is an example of motivational qualities. He defines stimulation as the prod-
uct’s ability to satisfy human needs for novelty and curiosity. These are only some aspects of
motivational qualities. As more work is needed to measure motivational quality, the studies
presented here can not consider them.

4.2.2 Empirical study on non-instrumental quality perceptions

A number of methods associated with non-instrumental qualities have been discussed. Vari-
ous empirical questions arise from this discussion as well as from the proposition of the
model on non-instrumental quality perceptions in Section 3.4.2: Which dimensions of non-
instrumental qualities are important for interactive product experience? Does the approach
presented here explain more variance of overall judgments than other approaches to non-
instrumental qualities (like e.g. Hassenzahl, 2004b)?

A study on non-instrumental qualities of mobile phones comparing the proposed model with
Hassenzahl’s (2004b) model is based on the assumption that various sub-dimensions of aes-
thetic and symbolic quality represent independent and relevant factors for the perception of
non-instrumental aspects of product quality (Mahlke, Lemke & Thiring, 2007). Furthermore,
the consideration of aesthetics and symbolic quality aspects should lead to better results pre-
dicting overall judgments than focusing on specific non-instrumental qualities.
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Method

Participants: Sixty individuals (25 men, 35 women) participated in the study. Almost all of
them were students at Berlin University of Technology. They were between 17 and 44 years
old (M = 25.5, SD = 5.6). Most of the participants (n = 57) used a mobile phone regularly and
had an average of six years experience. Six of the participants used a mobile phone from the
same brand at the time the experiment was conducted, and another eleven had used one of this
brand before. Participants were paid five euros for taking part in the study.

Figure 4.1: Mobile phones used in the study (from the left PEBL, RAZR V3 & T191).

Materials: Three mobile phones were used as stimuli (PEBL, RAZR V3 and T191 developed
by Motorola, Figure 4.1). Since all were from the same manufacturer the influence of brand
needed not to be considered. All three were similar with respect to instrumental qualities.
However, the three mobile phones differed regarding non-instrumental quality aspects. Dif-
ferences in aesthetic and symbolic qualities were assured in a pretest with seven experts of
usability and product design, who received a description of all non-instrumental quality di-
mensions and gave a rating for each dimension. Furthermore, the experts confirmed the minor
differences regarding instrumental qualities.

Independent variables and design: The factor PRoDUCT was the independent variable in the
study. Each of the three mobile phones represented one condition. The independent variable
PRODUCT was a between-subjects factor. Each condition was completed by twenty partici-
pants.

Dependent variables: Aesthetics aspects were measured with the following questionnaire
dimensions: classical visual aesthetics (Cronbach’s alpha .70) as recommended by Lavie &
Tractinsky (2004) to assess visual aesthetics, a scale based on Jordan (2000) to measure hap-
tic quality (Cronbach’s alpha .82) and a scale taken from Farina (2001) to measure acoustic
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quality (Cronbach’s alpha .90). Symbolic aspects were surveyed using a scale that focused on
the communicative sub-dimension (Cronbach’s alpha .82). Each of the scales consisted of five
items, and ratings ranged from O to 6 (low to high). To compare the model of non-
instrumental qualities proposed here with a more focused approach to non-instrumental quali-
ties, Hassenzahl’s (2004b) dimensions of identification and stimulation (Cronbach’s alpha .77
and .90, respectively) were measured. The scales consisted of seven items each and ratings
ranged from 0 to 6 (low to high). Overall judgments were assessed using a one-item scale that
ranged from 0 to 6 (low to high). Furthermore, pragmatic quality (Hassenzahl 2004b) was
surveyed to verify that the products did not differ with respect to instrumental qualities. The
materials can be found in the Appendix A.

Procedure: The study was conducted at the UselLab at the Center of Human-Machine-
Systems at Berlin University of Technology. At the beginning of the experiment, participants
received a description of the study and were assigned to one of the three conditions. To ex-
perience the interaction with the products, seven typical tasks were given to the participants
for each product (ranging from turning on the phone to changing date and time or saving a
phone book entry). Participants had ten minutes to solve the tasks. After accomplishing all the
tasks, participants filled out the questionnaire that assessed their ratings regarding the differ-
ent quality dimensions and the overall judgment. A session lasted about 30 minutes.

Results

The relationships between the assessed dimensions of non-instrumental quality are reported in
Table 4.1. No significant correlation between the three dimension that focus on aesthetic as-
pects is found. Symbolic quality is correlated significantly with all aesthetic scales. The two
dimensions identification and stimulation correlate significantly with each other and almost
all of the other non-instrumental quality dimensions.

Table 4.1: Correlations between the dimensions of non-instrumental quality.

Visual aesthetics 1

Haptic quality 0.25 1

Acoustic quality 0.21 0.25 1

Symbolic quality 0.54** 0.36** 0.41** 1

Identification 0.48** 0.28* 0.52** 0.61** 1
Stimulation 0.40** 0.18 0.45** 0.47* 0.47*

*p < .05; * p < .01, ** p < .001
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Regression analyses explain the influence of the various dimensions of non-instrumental qual-
ity on overall judgments. First, the aesthetic dimensions of visual aesthetics as well as haptic
and acoustic quality and the used dimension of symbolic quality are used to predict partici-
pants’ overall judgments. Table 4.2 reports the results of the analysis. All four dimensions
contribute significantly to participants overall ratings. 72% of the variance of the judgments is
explained using the four dimensions of non-instrumental quality.

Table 4.2: Regression of overall judgments based on the
proposed dimensions of non-instrumental quality.

Predictors Overall rating
Perceived visual aesthetics 0.22*
Perceived haptic quality 0.33***
Perceived acoustic quality 0.31***
Perceived symbolic quality 0.32**

R? 72

*p<.05;,*p<.01, ** p<.001

In a subsequent regression analysis, the model proposed by Hassenzahl (2004b) using the two
dimensions identification and stimulation is applied. The results are presented in Table 4.3.
Both concepts contribute significantly to the overall rating. However, only 38% of the vari-
ance of the overall judgments is explained using the two dimensions of hedonic quality.

Table 4.3: Regression of overall judgments based on the model of Hassenzahl (2004b).

Predictors Overall rating
Identification 0.43**
Stimulation 0.31*

R? 38

*p<.05;,*p<.01, ***p<.001

Discussion

Based on the sub-model of non-instrumental quality aspects (Section 3.4.2), the study focuses
on the relationship between the proposed dimensions of non-instrumental quality and their
importance for overall judgments. Four dimensions of non-instrumental quality are incorpo-
rated in the study: three aspects of aesthetic quality and one dimension to measure symbolic
aspects of product quality. Interestingly, no significant correlations between the three quality
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dimensions focusing on aesthetic aspects, which seem to be perceived independently, are
found. However, the aesthetic scales are all related to the symbolic quality dimension. There-
fore, a relationship between aesthetic and symbolic quality perceptions can be assumed.

The comparison to the model on non-instrumental qualities by Hassenzahl (2004b) demon-
strates that the consideration of diverse dimensions of non-instrumental qualities better ex-
plains overall judgments. However, it has to be kept in mind that more variables to predict
overall ratings are used than in the compared approach. Nonetheless, the extension increases
the variance of overall judgments that is explained. The results support the findings by
Mahlke (2002) who also found that aesthetic and symbolic aspects contribute to the explana-
tion of overall judgments.

The study has the following limitations. Using real products that differ on various design di-
mensions makes it impossible to identify which system attributes influence non-instrumental
quality perceptions. A more detailed approach is necessary to answer this question. Only one
dimension of symbolic quality is incorporated in the study, although further aspects are dis-
cussed in the model. Additionally, the dimension of symbolic quality introduced in this study
and Hassenzahl’s (2004b) dimension of identification show the highest correlation and seem
to measure identical symbolic aspects. Also, the relationship between aesthetics and symbolic
aspects has to be clarified further. However, the results of this study give first hints regarding
the connection of these two categories of non-instrumental qualities.

4.2.3 Conclusions

In this section, a model of non-instrumental qualities has been applied that aimed at combin-
ing the advantages of more focused contributions (Hassenzahl 2004b; Lavie & Tractinsky
2004) and broader, conceptual approaches (Creusen & Schoormans 2005; Crilly et al., 2004).
The results of a study on mobile phones demonstrate that it is reasonable to integrate diverse
dimensions of non-instrumental quality to evaluate interactive products and that this approach
has a prognostic advantage for the users’ overall judgments over more focused approaches.

In conclusion, the evaluation of the non-instrumental quality of interactive systems should
incorporate a diversity of dimensions to better understand users’ perception of qualities that
go beyond the instrumental value of a product. It is demonstrated how existing questionnaires
can be combined to achieve a measurement of various non-instrumental quality aspects.
While the quality of different aesthetic aspects (visual, acoustic, haptic) is relatively inde-
pendent, these qualities can be evaluated individually and early during the development proc-
ess. Symbolic qualities result from the interplay of aesthetic and probably other quality di-
mensions. Therefore, results regarding symbolic qualities may be more reliable when they are
assessed in later phases of the development process.
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4.3 Measuring emotional user reactions

In this section, the measurement of emotional user reactions is discussed. A multi-component
model to emotional user reactions has been introduced in Section 3.5.2 that defines five as-
pects of emotions: subjective feelings, physiological reactions, motor expressions, cognitive
appraisals, and behavioral tendencies. To use this approach empirically, methods need to be
identified that measure emotion-related changes on the five components. The diversity of
methods and assessment scales for emotions is remarkable. Therefore in this section, a se-
lected variety of measurement approaches is discussed, and a focus is on applications of
methods to the area of human-technology interaction.

43.1 Methods to measure emotional user reactions

Larsen and Fredrickson (1999) point out that every emotion measurement type has its
strengths and weaknesses and that when measuring emotions a working definition of emo-
tions should be the basis to choose relevant methods. The multi-component model proposed
by Scherer (1984) its five aspects subjective feelings, physiological reactions, motor expres-
sions, cognitive appraisals and behavioral tendencies serves as basis for the discussion of
emotion measurement approaches. Although, emotions can be seen as multi-faceted processes
that unfold over time, the dynamic aspects of emotion measurement are neglected for now to
reduce complexity and be able to take a first step to emotion measurement in human-
technology interaction. Russell and Feldman Barrett (1999) point out that it is necessary to
take a specification like this into account because measures suitable for one presumption may
be unsuitable for another. Schorr (2001) discusses the advantages and disadvantages of sub-
jective and objective measures of emotions and it can be reasoned that a combination would
lead to best results. Incorporating different components of emotions guarantees a considera-
tion of more subjective (subjective feelings, cognitive appraisals) and more objective meas-
ures (physiological reactions, motor expressions, behavioral tendencies) of emotions. A selec-
tion of methods is discussed on the basis of the multi-component model discussed in the pre-
vious chapter.

Subjective feelings

To assess subjective feelings, a variety of self-assessment scales is available, which assume
that the individual is the best source of information on the emotions they experience. The
SAM scales (Self-Assessment-Manikin), introduced by Lang (1980), consist of pictures of
manikins for each of the dimensions valence and arousal (Figure 4.2). The manikins represent
five states from happy to unhappy and excited to calm. Individuals rate their feeling either on
a manikin or in the space between two manikins, which results in nine graduations per dimen-
sion. Desmet (2003b) presented an extension of this approach (Figure 4.2). The non-verbal
assessment is supposed to reduce intercultural differences, especially those that result from
semantic verbalizing of emotions.
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Figure 4.2: Measurement tools by Lang (1980) and Desmet (2003b).

The affect grid (Russell, Weiss & Mendelsohn, 1989) is a semantic questionnaire to assess
emotional states. In contrast to SAM, the affect grid is a single scale questionnaire. It consists
of a 9 x 9-matrix that is surrounded by eight adjectives describing emotional feelings. How-
ever, the adjectives are also arranged by the dimensions valence and arousal, like the ones in
Russell’s circumplex model of emotion (1980). Individuals are instructed to rate their feeling
by setting a cross in one field of the matrix.

Physiological reactions

Several methods can be used to gain information on physiological reactions. The most prom-
ising way to determine emotional connotations is the measure of electrodermal activity
(EDA). Common parameters are skin conductance response, skin resistance response, and
skin potential response. EDA is merely controlled by sympathic activation. Previous research
suggests that higher decreases in EDA are correlated with more negatively valenced situations
(Ward & Marsden, 2003).

Another way to gain information on physiological activation is to record heart activity by an
electrocardiogram. There are a variety of parameters for analyzing and interpreting the raw
signal. Common time-related parameters are heart rate, inter-beat-interval, and heart rate vari-
ability (Fahrenberg, 2001). However, these show inconsistent results for predicting emotional
valence in human-technology interaction. While Ward and Marsden (2003) describe a de-
crease of heart rate in negative valenced situations, other authors found a positive correlation
between heart rate and valence (Bradley, Greenwald & Hamm, 1993). Summarizing, heart
activity seems to be a more reliable indicator for arousal and mental workload than for emo-
tional valence (see Fahrenberg, 2001).

Previous research suggests consistently that pupillometry is a powerful measure for auto-
nomic responses and mental workload. The more demanding a process is, the larger the pupil
is supposed to be (Beatty, 1982). Additionally, Hess and Polt (1960) found a significant corre-
lation between dilatation and the valence of a stimulus. Thus, more pleasant stimuli are sus-
ceptible for generating more dilated pupils.
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Motor expressions

Common measurements of motor expressions are FACS (Facial Action Coding System), elec-
tromyography (EMG), and speech analysis. The Facial Action Coding System (FACS) is
based on the analysis of 44 facial muscles. A trained person categorizes the observed pattern
of activity in respect to six basic emotions fear, anger, joy, disgust, grief, and surprise (Ek-
man, 1992). To gain reliable information, FACS requires an intensive training. Computer-
based analysis of facial activity does not yet lead to comparable results (Cohen, Sebe, Chen,
Garg & Huang, 2000).

The measurement of spontaneous muscle activity is called electromyography (EMG). Two
sensors placed on the muscle region detect sensitively minimal voltage caused by activity.
Facial EMG studies have found that activity of the corrugator supercilii muscle, which lowers
the eyebrow and is involved in producing frowns, varies inversely with the emotional valence
of presented stimuli and reports of emotional state. The activity of the zygomaticus major
muscle, which controls smiling, is positively associated with positive emotional stimuli and
positive affect (Cacioppo, Petty, Losch & Kim, 1986; Dimberg, 1990).

Another approach based on measuring motor expressions is the analysis of speech character-
istics, like speed, intensity, melody, and loudness. Empirical research suggests that these
qualities are highly correlated with emotional feelings, and are therefore reliable indicators
for emotional reactions (Banse & Scherer, 1996).

Cognitive appraisals

To assess cognitive appraisals, both quantitative and qualitative methods can be used. As a
quantitative approach the GAF (Geneva Appraisal Questionnaire) by Scherer (2001) meas-
ures retrospectively the quality of an emotional episode as antecedent of a relevant connoted
event. The items of the GAF represent the five dimensions of Scherer’s cognitive appraisal
theory: intrinsic pleasantness, novelty, goal conduciveness, coping potential, and norm/self
compatibility (Scherer, 1984). Additionally, qualitative descriptions about event specific ex-
periences can be given. The GAF is a rather long questionnaire. Therefore the application of
the original version in human-technology interaction is less suitable.

As a qualitative approach, the thinking aloud method can be used. People are encouraged to
state and describe every emotional reaction they feel during interaction with a technological
system. The statements have to be recorded properly, reduced in respect to the focus of re-
search, and analyzed by a qualitative procedure. To prevent non-ecological interaction be-
tween usage and assessment, the thinking aloud method can be applied retrospectively, e.g. by
presenting a video.
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Behavioral tendencies

The measurement of performance and behavior has a long tradition in human-technology in-
teraction research. Central indicators of performance are speed of reaction (e.g. the time re-
quired for single input operations or completing a defined goal), the accuracy of reaching a
goal, the number of errors, and the number of creative ideas during interaction with a system.
Findings of Partala and Surakka (2004) indicate that behavioral data are related to EMG val-
ues. The results demonstrate that low activation of the corrugator supercilii muscle is related
to a high rate of successful and goal conductive reactions with a usable designed system. As
further indicators of behavioral tendencies, unspecific questionnaires about the intention of
use or the intention of purchase can be mentioned. However, these methods have problems of
reliability (e.g. Brave & Nass, 2001).

4.3.2 Empirical study on emotional user reactions

A number of methods that are associated with the five components of emotion have been dis-
cussed. The question remains to what extent a combination of methods based on the compo-
nent approach offers a comprehensive way to understand different aspects of the emotional
user experience in the context of human-technology interaction.

The aim of the following study is to investigate the relations that exist between the five com-
ponents of an emotional experience in an interactive context (Mahlke, Minge & Thiring,
2006). Therefore, a combination of various methods representing the full range of compo-
nents of the model is composed. Moreover, participants of the study are instructed to interact
with two versions of a computer-based simulation of a mobile phone while emotion-related
changes on the components are recorded.

Method

Participants: Thirty individuals (15 men, 15 women) took part in the study. Most of them
were students at Berlin University of Technology. They were between 20 and 41 years old (M
= 25.9, SD = 3.9), were familiar with usage of mobile phones and had moderate to high com-
puter experience. Participants were paid a variable amount between five and fifteen euros
based on their performance.

Materials: Two versions of a computer-based simulation of a mobile phone were designed
that varied in the degree of usability. The user interface of the two versions differed in multi-
ple ways. To induce differences in emotional user reactions, the variations were designed ac-
cording to Mentis and Gay (2003): response times of the less usable version were delayed,
information on the screen was less readable, and the dialogue structure was confusing.
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Figure 4.3: Mobile phone simulations used in the study
(well designed left, ill designed right).

Independent variables and design: The factor PRODUCT was the only independent variable in
the study. The independent variable PRODUCT was a within-subjects factor. So each condition
was completed by all thirty participants. Presentation order of the stimuli was balanced.

Dependent variables: To measure emotion-related changes on the components, heart rate,
electrodermal activity, electromyographic activity of zygomaticus major and corrugator su-
percilii, and the time required for input operations were recorded during task completion to
gain information on physiological reactions, motor expressions, and behavioral tendencies.
Furthermore, the dimensions activation and valence of SAM (Self-Assessment-Manikin) were
used to measure subjective feelings. To collect data on cognitive appraisals, both the retro-
spective thinking aloud method and a short questionnaire based on the Geneva Appraisal
Questionnaire were used (Scherer, 2001). The questionnaire consisted of one item for each of
the five dimensions. All materials are available in the Appendix B.

Procedure: The study was conducted at the UseLab at the Center of Human-Machine-
Systems at Berlin University of Technology. At the beginning of the experiment, sensors for
measuring physiological reactions and facial expressions were attached, and baseline values
were recorded. The prototypes of mobile phones were presented on a computer monitor. A
mouse was used as input device. Two sets of five tasks typical for mobile phone usage were
chosen to be used in the experiment ranging from short ones, like reduce the volume of your
mobile phone, to more complex ones, like add a new number to your telephone list. Partici-
pants started with one version and completed the first set of tasks. Then, they switched to the
other system to solve the remaining tasks. Maximum time for each task was two minutes.
Heart rate, EDA, and EMG were measured during task completion. Participants filled in the
SAM scales subsequently to each task. After the electrodes were removed, the video confron-
tation started. The participants watched their videotaped task completion behavior and were
asked to explain what they felt during system use. After the presentation of each task, they
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filled in the short appraisal questionnaire. To ensure a realistic emotional involvement, par-
ticipants were paid depending on their performance. They started with a credit of fifteen eu-
ros, which was reduced by one euro whenever a task could not be completed. Participants
were informed about each reduction and were constantly aware of the amount of money that
was left. A session lasted about 75 minutes. Time for task completion was about fifteen min-
utes overall.

Data preparation: Heart rate and EDA were measured as differences from the individual
baseline level in order to reduce inter-individual differences and allow comparisons between
subjects. For the heart rate data the time series data were converted to single points through
averaging the time series for every task. Regarding EDA, the maximum values for each task
were interpreted and averaged over all tasks. The EMG data were integrated and
t-transformed. All utterances received from the retrospective thinking aloud method were
categorized with respect to the appraisal dimensions. Affirmative utterances were offset
against negating ones and means were calculated for each dimension and all participants. For
indicating the behavior intention, the time for task completion was divided by the number of
inputs to get the average time per input. Delayed system responses in the less usable condition
were deducted.

Results

The results of a correlation analysis of the elements of the emotional triad are presented in
Table 4.4. Both physiological measures as well as the measures of facial expression correlate
significantly with the arousal dimension of the subjective feelings questionnaire (SAM). EDA
as well as the activity of the corrugator supercilii and the zygomaticus major are also signifi-
cantly correlated with the valence dimension. Physiological measures and facial expression
measures do not correlate significantly.

Table 4.4: Correlations between dependent variables of the emotion triad.

Dependent variables vzj:\rl:/cle arsoﬁl\s/lal Heart rate EDA C;J:)Z%?ﬂci}r
SAM - valence 1

SAM - arousal -0.32** 1

Heart rate 0.02 0.25** 1

EDA -0.14* 0.26** 0.01 1

corrugator supercilii -0.16** 0.12* 0.11 0.01 1
zygomaticus major 0.19** 0.25** 0.06 0.06 0.10

*p < .05; * p < .01, ** p < .001
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The results demonstrate a significant correlation between the valence dimension and the
arousal dimension of SAM (r = -0.32, p < .01). This connection of the two theoretically inde-
pendent dimensions may be caused by the stimuli chosen for the study. The less usable ver-
sion leads to high arousing reactions with negative valence, while positive and low arousing
emotions are experienced when the well-designed version is used.

Differences are found regarding the two methods used to assess cognitive appraisals. Correla-
tions between intrinsic pleasantness, goal/need conduciveness, and coping potentials lie be-
tween r = 0.44 and r = 0.71 and are highly significant (p < .001). However, no significant cor-
relations are found for the dimensions of novelty and norm/self compatibility.

In another step, the relations between the elements of the emotion triad and the other two
components are analyzed. The dimensions of the appraisal questionnaire are highly correlated
with the valence dimension of the self-assessment manikin (see Table 4.5). Valence correlates
positively with pleasantness (r = 0.73), goal/need conduciveness (r = 0.64), coping potential (r
= 0.64), and norm/self compatibility (r= 0.64). Valence and novelty are negatively correlated
(r = -0.44). Smaller correlations are found between the arousal dimension of subjective feel-
ings component and the appraisal dimensions. Physiological and motor expression data corre-
late with some of the appraisal dimensions slightly (between r = 0.13 and r = 0.23). The corre-
lations between the data gained with the retrospective think aloud method and the emotion
triad differ for the two appraisal dimensions novelty and norm/self compatibility. Correlations
are smaller for these dimensions with respect to all components of the emotion triad.

Table 4.5: Correlations between dependent variables of the emotion triad and data from the
cognitive appraisal questionnaire.

Dependent variables vzigr':f:e aijﬁl\s/lal Heart rate EDA C;)Jz)lﬁiitl(i)ir zygsqn;ja()ticus
Pleasantness 0.73* -0.36** -0.06 0.13* -0.19** -0.23**
Novelty -0.44** 0.41** 0.04 0.19** 0.07 0.18**
Goal relevance 0.61** -0.31** -0.15** 0.10 -0.15* -0.25**
Coping potential 0.64** -0.34** 0.11 0.08 -0.15* -0.23**
Norm/self capability 0.64** -0.28** 0.06 0.08 -0.14* -0.23**

*p < .05; * p < .01, ** p < .001

The average time per input — the measure of the behavioral component — is significantly
higher in situations that are experienced as less pleasant, less goal conductive, less capable,
and less norm/self compatible (0.30 < r < 0.35). The behavioral data also correlates with the
valence and arousal dimension of the subjective feelings component (r = 0.23 and r = 0.14).
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No significant correlations are found between the behavioral component and the physiological
Oor expressive ones.

Discussion

The results support the assumption that emotional reactions are determined by a number of
different but related components. Summarizing the correlations between the components, high
correlations between cognitive appraisal and subjective feelings data are found. Both are con-
nected significantly but with smaller correlations to the other three components of emotions.
No significant correlations are found between physiological and expressive reactions, and
both components do not show any connection to behavioral tendencies either.

Looking at the correlations in more detail, the results regarding valence are consistent with
the expectations. Measures show lower EDA values and less activity of corrugator supercilii
when experienced emotions are rated as rather positive. These results are consistent with ear-
lier findings (Ward & Marsden, 2003; Partala & Surakka, 2004). Moreover, EDA measures
and heart rate correlate positively with the arousal dimension.

Although the detected pattern of correlations is rather coherent and consistent, not all methods
lead to expected results. Especially the results regarding the activity of the zygomaticus major
differ from most other studies that found higher activity in relation to positive emotions (e.g.
Partala & Surakka, 2004). Instead, the data point in the same direction as other experiments,
which detected high activity of the zygomaticus major for negative emotions (Lang,
Greenwald, Bradley & Hamm, 1993). Hence, it seems that the activity of the zygomaticus
major is not a reliable indicator for positive feelings. An alternative explanation is that strong
positive emotions are not induced in this setting.

Another point for discussion is the extent of the correlations that are found between subjective
feelings, physiological reactions, and expressive measures. Other studies on emotions show
similar correlations between physiological measures and ratings and discuss this as a problem
of emotion research (Herbon, Peter, Markert, van der Meer & Voskamp, 2005). However,
these results may not only be caused by measurement uncertainties, but also by the theoretical
premise that the components of emotions represent different aspects of emotions that are only
correlated in a specific way. The second assumption leads to the conclusion that only a com-
bination of measures gives a good description of the quality of an experienced emotion.

Another aspect concerns the relevance of cognitive appraisals and the behavioral component
as parts of emotional user reactions. Appraisal processes of emotions in human-technology
interaction have rarely been studied experimentally. Summarizing, the results of this study
suggest that goal conductive, capable, and norm/self compatible appraisals are associated with
positive emotions. However, the measurement of cognitive appraisals is a first methodologi-
cal step to deal with this topic in the area of human-technology interaction. With respect to
behavioral tendencies, the study hints at an interesting point concerning the efficiency of sys-
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tem usage. Since the average time required per input is significantly higher for the system
with usability flaws, negative emotions may contribute to slowing down the user. Nonethe-
less, the relation between negative emotions and performance can also be in the opposite di-
rection: low performance may have caused negative emotions. More experiments are neces-
sary to clarify this relation. However, the behavioral data in this experiment are connected to
the subjective feelings and cognitive appraisal data. Nonetheless, differences in the behavioral
data can be interpreted as antecedent or consequence of changes on the other components of
emotions.

4.3.3 Conclusions

Based on the approach proposed by Scherer (1984), the measurement of different components
of users’ emotional reactions by a combination of self-assessment ratings, physiological and
expression measures as well as cognitive appraisal questionnaires and analysis of behavioral
data has been discussed. In addition, a study has been presented that demonstrates the meas-
urement of multiple components of emotions in an interactive context and illustrates that this
combination offers a sound methodological basis for experimental studies of emotions in hu-
man-technology interaction.

The results show that the components of emotions are only slightly related. Although valence
and arousal of the subjective feelings are correlated in the presented study because of the cho-
sen conditions, the results point out a higher correlation of physiological reactions and the
arousal of subjective feelings and a higher connection between motor expression data and the
valence of subjective feelings. Cognitive appraisals measuring the user’s interpretation of a
situation as basis for the experience of an emotion are strongly connected to the actual experi-
enced subjective feelings.

The study demonstrates that each of the methods associated with the different components has
advantages and disadvantages. Physiological and expressive measures provide continuous
data, while subjective feeling ratings are very easy to apply. Cognitive appraisal data give
background information about the reasons of the development of a specific emotion in a given
situation. A main issue arising from the multi-component approach is which components need
to be measured to get acceptable results. The more components are measured the more infor-
mation is available to interpret the user’s reactions. The information gained from the compo-
nents can sometimes be contradictory, but together should deliver more reliable results as if
only one component is measured. The measurement of subjective feelings may be enough for
rough estimations if an emotional user reaction is positive or negative. However, to under-
stand emotional user reactions in more detail, the study of more than one component is
needed.
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4.4 Chapter Summary

The measurement of instrumental qualities has been a research topic for a long time and vari-
ous established approaches and methods exist. Davis’ (1989) approach to technology accep-
tance (TAM) that integrates users’ perceived usefulness and usability as instrumental quality
aspects is recommended to measure instrumental qualities as defined in the research frame-
work in Chapter 3. Furthermore, Kirakowski’s (1996) questionnaire to measure subjective
usability (SUMI) is suggested to measure perceived usability in more detail.

Based on the model of non-instrumental qualities that is integrated in the overall framework
and that differentiates aesthetic, symbolic, and motivational aspects, existing questionnaire
dimensions are integrated to measure these non-instrumental quality aspects. The results of a
study on non-instrumental qualities demonstrate that a diversity of non-instrumental qualities
have to be considered to understand the relevance of non-instrumental qualities as part of user
experience sufficiently.

A variety of methods exist to measure emotions that are related to one of the five aspects of
emotional user reactions (subjective feelings, physiological reactions, motor expressions, cog-
nitive appraisals, and behavioral tendencies). Each of the methods associated with the differ-
ent components has advantages and disadvantages. Physiological and expressive measures
provide continuous data, while subjective feeling ratings are very easy to apply. Cognitive
appraisal data give background information about the reasons of the development of a specific
emotion in a given situation. The results of a study applying a selection of these methods
demonstrate that the five aspects of emotional user reactions are only slightly connected and
applying more than one method helps to better understand emotional user reactions in detail.

After discussing existing approaches to user experience in Chapter 2, presenting a framework
that specifies the major components of user experience and their possible interrelations in
Chapter 3, and summarizing methods to measure these components in his chapter, three em-
pirical studies are presented in the following Chapters 5 to 7. They apply the identified meth-
ods to test some of the assumptions made in the research framework by analyzing which fac-
tors influence the user experience and how the components of user experience interrelate.
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5 Study 1: System properties of existing products

Study 1 is a first application of the user experience framework to test selected assumptions of
the model empirically. One assumption of the framework is that properties of an interactive
system influence interaction characteristics, quality perceptions (instrumental and non-
instrumental aspects), emotional user reactions, and overall judgments. Four different portable
audio players are used in this study to analyze whether differences in system properties have
the assumed influences on user experience components. Another central assumption is that
emotional user reactions are explained by considering quality perceptions regarding instru-
mental and non-instrumental aspects. In this study, subjective feelings are focused as one as-
pect of emotional user reactions to test these interrelations. Furthermore, the assumption is
addressed that overall judgments and choices between alternatives depend on quality percep-
tions and emotional reactions during the interaction.

51 Method

5.1.1 Participants

Thirty individuals (twenty women, ten men) participated in the study. Almost all of them
were students at Berlin University of Technology. They were between 21 and 31 years old (M
= 25.5, SD = 3.6). Most of the participants were experienced in using portable audio players.
24 stated that they owned one and used it regularly. Participants were paid five euros for tak-
ing part in the study.

5.1.2 Materials

Four portable audio players were used in the study (MuVo?, Zen Micro, Zen Touch and Zen
Xtra developed by Creative, Figure 5.1). The players were selected for heterogeneity, i.e. to
maximize variance of user experience with the systems. All players were from the same
manufacturer, so the influence of brand was prevented. Nonetheless, players varied in terms
of design aspects. Regarding the system property categories introduced in Section 3.2.1, play-
ers differed with respect to three categories: presentation (menu design), dialogue (input and
interaction style), and appearance (product design and body size).
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Figure 5.1: Portable audio players used in the study
(from the left MuVo? [A], Zen Micro [B], Zen Touch [C] and Zen Xtra [D]).

Information presentation in the displays and the display size differed. While in Player A icons
were used to symbolize the menu options, the other players only used text. The menu struc-
ture was quite similar for the Players B, C, and D and differed for Player A. The display was
smallest for Player A and largest for Players C. Player A and D were operated with buttons,
while Player B and C had a slider combined with various buttons. For Player A, navigation
through the menu was from left to right, while it was from top to down for the other players.
Functionality — the fourth system property category proposed in Section 3.2.1 — was similar
with respect to the tasks participants had to accomplish during the experiment. Detailed in-
formation about the four players can be found in the Appendix C.1.

5.1.3 Independent variables and design

The four players were the only variation used in the study. As already described, several sys-
tem properties were varied using these existing products. As all participants tested each prod-
uct, a within-subject design resulted in the factor PRODUCT (Table 5.1). Presentation order of
the players was counterbalanced.

Table 5.1: Overview of the design used in Study 1.

Player A B C D

514 Dependent variables

The dependent variables used in the study were based on the user experience framework and
selected methods discussed in the previous chapter. The following components were opera-
tionalized: interaction characteristics, instrumental and non-instrumental quality perceptions,
emotional user reactions as well as overall judgments and alternative choice as consequences
of user experience. Table 5.2 gives an overview of the dependent variables.
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Table 5.2: Overview of dependent variables used in Study 1.

User experience component Construct Variable
Interaction characteristics Performance No. of accomplished tasks
Performance Average time on task
Instrumental qualities Perceived usefulness Davis, 1989
Perceived ease of use Davis, 1989

Classical visual aesthetics
(Lavie and Tractinsky, 2004)

Perceived haptic quality Jordan, 2000

Non-instrumental qualities Perceived visual aesthetics

Perceived symbolic quality Identification (Hassenzahl, 2004b)

Emotional user reactions Subijective feelings SAM - valence (Lang, 1980)

SAM — arousal (Lang, 1980)

Consequences Overall judgment Overall rating (Kollmann, 1999)

Alternative choice Ranking

Task completion rates and time on task were recorded to assess whether the players had an
effect on interaction characteristics. Usefulness and ease of use were operationalized based on
Davis (1989) as global categories of instrumental quality. Each of the scales consisted of five
items. The answering format ranged from 0 (low) to 6 (high). Cronbach’s alpha was .82 for
perceived usefulness and .93 for perceived ease of use.

Based on the approach presented in Section 4.2, various dimensions of non-instrumental qual-
ity were surveyed. Aesthetics aspects were measured with the dimension recommended by
Lavie and Tractinsky (2004) to assess visual aesthetics (classical visual aesthetics: Cron-
bach’s alpha .81) and the scale based on Jordan (2000) to measure haptic quality (Cronbach’s
alpha .65). Each of the scales consisted of five items and ratings ranged from 0 to 6 (low to
high). Acoustic quality was not incorporated as it did not play a role in the tasks used in this
study. Symbolic aspects were surveyed using Hassenzahl’s (2004b) dimension of identifica-
tion (Cronbach’s alpha .78). The scale consisted of seven items and ratings ranged from 0 to 6
(low to high).

In this study, subjective feelings were focused as one aspect of emotional user reactions. To
measure subjective feelings, the self-assessment manikin (SAM) by Lang (1980) was used.
SAM provided one graphical item to measure each of the dimensions valence and arousal,
and ratings ranged from 0O to 8 (low to high valence or arousal).

As consequences of user experience, overall judgments and choices between alternatives were
measured. A three-item scale based on Kollmann’s (2004) acceptance model was used to ob-
tain an overall rating (Cronbach’s alpha .84). Ratings ranged form 0 to 6 (low to high). Addi-
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tionally, at the end of the study, participants gave a ranking of all players to choose between
the alternatives. An overview of the materials can be found in the Appendix C.2.

5.1.5 Hypotheses
The following hypotheses resulted from the research goals addressed in this study*:

H1: The factor PRODUCT has an effect on interaction characteristics (task completion rates
and time on task), users’ quality perceptions (perceived usefulness and ease of use as well as
perceived visual aesthetics, haptic and symbolic quality), their emotional reactions (subjective
feelings) and consequences of user experience (overall judgments and choices between alter-
natives).

H2: Emotional user reactions are predicted by users’ quality perceptions (perceived useful-
ness and ease of use as well as perceived visual aesthetics, haptic and symbolic quality).

H3: Overall judgments are influenced by users’ quality perceptions (perceived usefulness and
ease of use as well as perceived visual aesthetics, haptic and symbolic quality) and emotional
reactions (subjective feelings).

5.1.6 Procedure

The study was conducted at the UseLab at the Center of Human-Machine-Systems at Berlin
University of Technology. The experiments lasted 60 minutes on average. All participants
tested each of the four products. Presentation order was counterbalanced. A set of four short
tasks was given to the participants for each product (see Table 5.3 for one example set).

Table 5.3: Tasks of one set used in Study 1.

Task Description
1 You would like to listen to the album Philtre by Nitin Sawhney. Choose it!
2 Good music! Increase the volume!
3 What time is it? Find the time function of the player!

You saw a poster announcing that Nitin Sawhney is giving a concert on August
4" Have a look at your player’s calendar to see which day of the week this is!

Participants had one minute for each task. The interaction with the system was noted to ana-
lyze user behavior. After accomplishing all four tasks, participants filled in a questionnaire
that assessed their subjective feelings, their ratings regarding the different quality dimensions,
and the acceptance rating. After using each of the players, participants made a ranking list.

! All hypotheses represent the alternative hypothesis, H1; the HO is always contrary.
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5.2 Results

The presentation of the results is based on the components and their connections described in
the framework presented in Chapter 3. First, behavioral data as measured interaction charac-
teristics are presented. Then, participants’ perception of instrumental and non-instrumental
qualities is described followed by the data on emotional user reactions, i.e. subjective feel-
ings. Afterwards, the results on overall judgments are reported. The presentation of the factor-
based results that uses analyses of variances for repeated measures to test for differences be-
tween the four systems (H1) is followed by an analysis of the interrelations between the vari-
ous components of the framework (H2 and H3). At this point, regression analyses are pre-
sented. Table 5.4 gives an overview of the data for all dependent variables for the four condi-
tions of the factor PRoODUCT. Tables displaying all relevant analyses outcomes can be found in
the Appendix C.3. Data of emotional user reactions measured with SAM was missing for four

participants.

Table 5.4: Mean scores and standard deviations on all dependent variables
for the four systems.

Component & Player A Player B Player C Player D
Dependent variable M ) M sSD M sSD M )
Interaction characteristics

No. of accomplished tasks (0-4) 2.1 0.7 2.3 1.1 2.9 0.6 2.9 0.7
Average time on task [s] 41.7 6.9 40.3 11.4 36.1 8.4 37.6 7.6
Instrumental qualities

Perceived usefulness (0-6) 2.7 1.0 3.1 1.3 3.9 0.7 3.6 1.1
Perceived ease of use (0-6) 1.7 1.4 2.0 15 3.3 1.3 2.9 1.4
Non-instrumental qualities

Perceived visual aesthetics (0-6) 2.7 1.1 3.7 1.1 3.7 1.1 3.0 1.3
Perceived haptic quality (0-6) 3.4 1.0 4.1 1.0 3.6 1.0 2.7 1.2
Perceived symbolic quality (0-6) 2.8 0.9 3.6 0.8 3.3 0.7 3.0 1.0
Emotional user reactions

SAM - valence (0-8) 2.3 2.0 3.3 2.6 4.2 1.8 4.0 19
SAM — arousal (0-8) 4.5 2.2 4.4 21 3.9 1.8 3.9 19
Overall judgments

Acceptance rating (0-6) 25 14 3.1 1.8 3.6 1.3 2.9 1.6
Average ranking 2.9 2.5 1.9 2.8
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521 Interaction characteristics

The behavioral data is an indicator of participants’ performance with the four players. Two
analyses of variance with the factor PRODUCT as independent variable reveal that the systems
differ with respect to the average number of completed tasks, F(3,87)=8.2, p<.001, and the
average time on task, F(3,87)=3.0, p<.05. Within-subject contrasts show that participants
solve significantly fewer tasks with Players A and B than with Players C and D. Furthermore,
participants need significantly longer using Player A in comparison to Player C and D.

5.2.2 Instrumental and non-instrumental quality perceptions

Regarding instrumental quality perceptions, the results show that participants rated the play-
ers differently with respect to usefulness, F3g;=8.2, p<.001, and ease of use, F3g;=10.5,
p<0.001. Within-subject contrasts reveal that Player A is rated as less useful than Players C
and D and Player B gets lower ratings regarding usefulness than Player C. Both Players A and
B were rated lower than Player C and D regarding perceived ease of use. The results regard-
ing non-instrumental qualities show differences of the ratings on visual aesthetics, F3 g7 8.4,
p<.001, haptic quality, F3g;=10.9, p<.001, and symbolic quality, F3g;=8.4, p<.001. The
within-subject contrasts show that Players B and C are rated higher with respect to visual aes-
thetics than Players A and D. They also reveal that the haptic quality of Player B is rated sig-
nificantly better in comparison to the three other players and Players A and C got better rat-
ings than Player D. Players B and C are rated significantly higher than Players A and D with
respect to symbolic quality.

5.2.3 Emotional user reactions

The data regarding subjective feelings reveal differences in emotional user reactions. An
analysis of variance with the valence dimension as dependent variable indicates a significant
effect of the factor PRODUCT, F3%=4.4, p<.01. The within-subject contrasts show that partici-
pants rate their subjective feelings after the interaction with Player A as less positive in com-
parison to Players C and D. No significant effect is found for the dimension arousal.

524 Consequences of user experience

For consequences of user experience, the data reveal significant differences with respect to
the overall ratings, F35;=3.9, p<.05, and the ranking, F(3,87) 3.7, p<.05. Within-subject con-
trasts for the overall judgment show that Player C is rated significantly better than Players A
and D. The analysis of the ranking data shows the same.

5.25 Interrelation of components

A regression analysis to predict participants’ subjective feelings using their quality ratings as
predictors reveals the results presented in Table 5.5. The analysis shows that 66% of the vari-
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ance of valence is predicted. The ease of use ratings contribute most while also the usefulness
ratings explain a significant amount of the variance. For arousal, 17% of the variance is pre-
dicted. Here, only perceived ease of use contributes significantly.

Table 5.5: Regression analysis of subjective feelings using instrumental and non-instrumental

ratings as predictors.

Subjective feelings

Predictors

Valence Arousal
Perceived usefulness .03
Perceived ease of use .58 *** -.44 **
Perceived visual aesthetics .01
Perceived haptic quality .08
Perceived symbolic quality .10

R? 17 %

*p <.05; * p < .01, ** p < .001

A regression analysis to predict participants’ overall judgments using their quality ratings
(instrumental and non-instrumental qualities) and their subjective feelings as predictors re-
veals the results presented in Table 5.6. 73% of the variance of the overall judgments is pre-
dicted. Participants’ perceived usefulness has a main influence on the overall ratings and also
perceived haptic and symbolic quality contribute significantly.

Table 5.6: Regression analysis of overall judgments using instrumental and non-instrumental
quality ratings as well as subjective feelings as predictors.

Predictors

Overall rating

Perceived usefulness
Perceived ease of use
Perceived visual aesthetics
Perceived haptic quality
Perceived symbolic quality
Subjective feelings - valence

Subjective feelings - arousal

AT
09
.03

23 i

25 wex
.06
07

R2

.73

*p <.05; * p < .01, ** p < .001
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5.3 Discussion

Study 1 is the first step towards addressing how system properties influence users’ experience
of interaction with interactive products. Four products with differing system properties are
used to study these influences on the perception of instrumental and non-instrumental quali-
ties, emotional user reactions, and consequences of user experience.

5.3.1 Influences of system properties on user experience

The results of the study show that the differences of system properties of the four portable
audio players have an effect on participants’ experience of the interaction (H1). Table 5.7
summarizes the results regarding instrumental and non-instrumental qualities as well as emo-
tional reactions and overall judgments for the four players.

Table 5.7: Summary of the results for the four players regarding perceived instrumental and
non-instrumental qualities as well as emotional user reactions and overall judgments
(+ positive, o neutral, - negative ratings).

Instrumental Non-instrumental ~ Emotional user Overall
Player " L ) .
qualities qualities reactions judgments
A - - - -
B - + o] o]
C + + + +
D + - + o

Overall judgments for Player C are best. Tasks are completed fastest with this player and per-
ceived usability and usefulness ratings are highest. A clear menu design and an easy to learn
interaction style may be reasons for these results. Although the product design of Player B led
to the highest ratings regarding non-instrumental quality, the ratings for Player C are only
slightly worse. This combination of perceived instrumental and non-instrumental quality per-
ception leads to the most positive subjective feelings for Player C.

The user experience framework proposes that instrumental and non-instrumental quality per-
ceptions are independently influenced by properties of an interactive system (Hassenzahl,
2007). The results of Study 1 support this assumption as all possible combinations of instru-
mental and non-instrumental quality ratings can be found: products that are rated low or high
on both user experience components and products that are rated high on one and low on the
other component (Table 5.7).

However, the design of the study does not make it possible to explain the extent to which the
various system properties influenced the perception of instrumental and non-instrumental
quality perceptions. To address this question, an experimental design is necessary that focuses
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on a variation of system properties that influence specific quality dimensions. Furthermore,
participants’ ratings of system qualities for the four different systems are relatively similar.
Average ratings are quite near to the theoretical middle of the rating scales. To get a better
insight into the interrelations between system properties and the components of user experi-
ence, greater differences between stimuli could be helpful.

5.3.2 Interrelations of user experience components

The results of the study give first insights into the assumed interrelations of the components
of user experience proposed in the framework described in Chapter 3. The consequences of
differences in instrumental and non-instrumental quality perceptions for emotional user reac-
tions and overall judgments can already be estimated using the summarized results in Table
5.7. While emotional user reactions depend mostly on the perception of instrumental qualities,
overall judgments are also influenced by non-instrumental quality perceptions.

The results of the regression analyses to predict emotional user reactions and overall judg-
ments show the same pattern in more detail. The prediction of participants’ subjective feel-
ings by their instrumental and non-instrumental quality ratings reveals that perceived ease of
use in particular and also perceived usefulness influence emotional user reactions (H2). How-
ever, while two thirds of the variance of valence is predicted, only about one fifth of the vari-
ance of arousal is explained. Surprisingly, none of the three dimensions of non-instrumental
qualities incorporated in the study have either an influence on the valence or arousal of par-
ticipants’ subjective feelings. This result contradicts the assumption proposed in the user ex-
perience framework that non-instrumental qualities have an influence on emotional user reac-
tions and is contradictory to previous studies (Rafaeli & Vilnai-Yavetz, 2004; Tractinsky &
Zmiri, 2006). The fact that differences between the four players regarding non-instrumental
qualities were rather small may be an explanation (Desmet, 2003b). Furthermore, in this study
only subjective feelings are studied as one aspect of emotional user reactions. Different re-
sults could be found if further aspects of emotional reactions were integrated.

The prediction of overall judgments shows that instrumental and non-instrumental quality
perceptions both have an influence (H3). These results are consistent with previous findings
(e.g. Hassenzahl, 2004b). Perceived symbolic quality of the players has the highest impact
and also haptic quality perceptions contribute significantly to the overall rating. The percep-
tion of visual aesthetics does not have a verifiable influence. This is surprising because visual
aesthetics is often seen as the most important aspect of non-instrumental qualities (Norman,
2004; Tractinsky, 2004).

Furthermore, no influence of subjective feelings is found on overall judgments. These results
contradict the assumption proposed in the framework that emotional user reactions have an
influence on the consequences of user experience. One reason might be that instrumental
quality perceptions determine both subjective feelings and overall judgments to such a great
extent that subjective feelings are not able to explain any more variance of the overall judg-
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ments other than instrumental quality perceptions already do (Rafaeli & Vilnai-Yavetz, 2004).
This is supported by further results on correlations, which show that valence of the subjective
feelings correlates significantly with the overall judgment measures.

5.3.3 Limitations

Two limitations of Study 1 are apparent. First, when using existing products with various dif-
ferences of system properties, it is not possible to relate specific properties to quality percep-
tions and other components of user experience. Furthermore, it is not possible to demonstrate
in which way system properties influence instrumental and non-instrumental quality percep-
tions independently. Therefore, for the next study two sets of system properties are varied to
obtain product prototypes that vary with respect to selected instrumental and non-instrumental
qualities. In this way, it is also possible to generate higher differences in quality perceptions
to get clearer effects. Second, only subjective feelings were incorporated in Study 1. In the
model on emotional user reactions, further aspects were introduced. In the next study, physio-
logical reactions and motor expression are studied in addition to subjective feelings.

54 Chapter Summary

In Study 1, four portable audio players differing in various design dimensions are used as
stimuli to test the influence of differences in system properties on the proposed components of
user experience. The results show that instrumental as well as non-instrumental quality per-
ceptions differ with respect to the system used by the participants. Further differences are
found regarding participants’ subjective feelings as an aspect of emotional user reactions as
well as their overall judgments and choices between the alternative systems as consequences
of user experience. In addition, assumed interrelations between the components of user ex-
perience that are proposed in the user experience framework are confirmed. The results show
that participants’ subjective feelings are mainly based on their perception of instrumental
qualities. However, overall judgments are influenced by both instrumental and non-
instrumental quality perceptions. In contradiction to the assumption made in the research
framework, emotional user reactions do not play a role for the overall judgments.
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6 Study 2: Experimental variation of system proper-
ties

The products used in Study 1 differ in various system properties and the perception of a vari-
ety of dimensions of instrumental and non-instrumental qualities has been investigated. In
Study 2, the focus is on two selected quality dimensions, perceived usability and perceived
visual aesthetics, to get a deeper insight into the relations between system properties and user
experience. Based on the literature, design factors are identified that lead to differences in the
perceptions of these selected qualities. Computer-based simulations of portable audio players
are used to realize these variations. System properties related to perceived usability concern
the property category of presentation, while the design dimensions associated with perceived
visual aesthetics are connected to the category of appearance.

In the user experience research literature, disagreements exist as to whether non-instrumental
quality perceptions influence the perception of instrumental quality aspects. Tractinsky et al.
(2000) claim that what is beautiful is usable, but other studies give contradictory evidence
(Lindgaard & Dudek, 2003; Hassenzahl, 2004b). In the user experience framework presented
in Chapter 3, no direct influence is assumed between perceived instrumental and non-
instrumental qualities. To test this assumption, the choice of design factors to influence the
perception of usability and visual aesthetics in this study is led by the idea to choose system
properties that influence only one of the qualities — an approach that previous studies lack.

Study 1 has revealed that differences in system properties influence subjective feelings as one
aspect of emotional user reactions and has demonstrated that these influences are mediated by
instrumental and non-instrumental quality perceptions. To test if this is also true for other
aspects of emotional user reactions, physiological reactions and motor expressions are incor-
porated in this study in addition to subjective feelings.

As in the previous study, it is assumed that overall judgments and choices between alterna-
tives are influenced by instrumental and non-instrumental quality perceptions as well as emo-
tional user reactions. As all three components of user experience should vary based on differ-
ences in system properties, this variation should also impact consequences of user experience.
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6.1 Method

6.1.1 Participants

Forty-eight individuals (24 women, 24 men) participated in the study. Almost all of them
were students at Berlin University of Technology. They were between 20 and 34 years old (M
= 25.5, SD = 3.6). While two thirds of the participants owned a portable digital audio player
and used it regularly, the other third had at least some experience with such devices. Partici-
pants were paid ten euros for taking part in the study.

6.1.2 Materials

Portable digital audio players were again used as the domain of study, but in this case simu-
lated on a computer. To produce two versions with different impact on perceived instrumental
qualities, three system features were varied that were related to the property category of pres-
entation (Figure 6.1): the number of simultaneously discernible menu lines (five versus two),
a scrollbar on the left side as indicator for available but hidden menu items (given or not), and
a cue about the actual position in the menu hierarchy at the top of the display (given or not).
These design dimensions were derived from the literature on menu design (Paap & Cooke,
1997).

l"lEl'ii.i (L] (EE R IRERANIEIRARRRRNANEE )
AFM-Radio Extras
S5 Wiedergabemodus
Wiegergabemodus
h Bibliothek: 2 Clips in 3 Alben
Syﬁteml . Gesantspieldauer: iB Hin 37 Sec
Playerinformationen Speicher: 299 HB Lo 512 MR fred

Figure 6.1: Variations of information presentation used in the study
(high usability left, low usability right).

In a pretest with ten participants, it was assured that interaction characteristics were generated
which affected the usability of the systems differently, i.e. the first version was of higher us-
ability in terms of performance and subjective ratings than the second one. Participants tested
each of the two versions on a computer screen. A set of five tasks was given for each version,
and participants had two minutes two solve each task. At the end of the pretest, they rated
each of the versions regarding their usability. The version with five-line menu and navigation
aids was rated higher. A detailed analysis can be found in the Appendix D.1.

With respect to system features that influence the perception of non-instrumental qualities,
visual aesthetics was varied by creating two different body designs for the simulations. The
following design dimensions were varied: symmetry (high or low), color combination (low or
high color differences), and shape (round or square). The design dimensions were also de-
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rived from the literature (Han, Kim, Yun, Hong & Kim, 2004; Laugwitz, 2001; Leder & Car-
bon, 2005) and are related to the property category of appearance.

.

o

Figure 6.2: Portable audio player bodies used in the study
(high aesthetics left, low aesthetics right, both high usability variation).

In a series of pretests, effective variations of symmetry, color combination, and shape were
identified. The pretests were conducted as online experiments. Altogether 38 individuals took
part. Participants were shown pairs of versions at a time and had to indicate the more aesthetic
one. They had to do between 21 and 36 pair comparisons depending on the pretest. Two
online experiments were conducted to test variations of color combination and shape sepa-
rately. In a third pretest, symmetry variations of symmetry were included and it was assured
that the combination of variations in symmetry, color combination, and shape led to extreme
rankings (looking best vs. looking worst). A detailed analysis of the pretests can be found in
the Appendix D.2 and the resulting body designs are shown in Figure 6.2.

In the main experiment, the prototypes were presented on a 7” TFT-display with touch screen
functionality that participants could hold in their hands to provide input. The display was con-
nected to a computer, which ran the simulation of the audio player. More detailed screenshots
of the used systems can be found in the Appendix D.3.

6.1.3 Independent variables and design

By the variation of system features, two independent variables were created: USABILITY and
VISUAL AESTHETICS. Since each had two treatments, four combinations were tested.

Table 6.1: Overview of the design used in Study 2.

Usability
High Low

Group 1 (n=12) Group 2 (n=12)
High Group 4 (n=12) Group 3 (n=12)

: . N =24 N =24
Visual aesthetics Group 3 (n=12) Group 4 (n=12)
Low Group 2 (n=12) Group 1 (n=12)

N =24 N =24
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The four combinations were: (a) high usability and high aesthetics, (b) high usability and low
aesthetics, (c) low usability and high aesthetics, (d) low usability and low aesthetics. All par-
ticipants used and rated two versions of the system, either (a) and (d) or (b) and (c), according
to a Latin-Square plan for repeated measures (Winer, 1971; Table 6.1). Presentation order
was counterbalanced.

6.1.4 Dependent variables

Table 6.2 gives an overview of the dependent variables. Two types of behavioral data were
recorded to ensure that versions of assumed high or low usability differed as planned: task
completion rates and time on task.

Table 6.2: Overview of dependent variables used in Study 2.

User experience components  Construct Variable

Interaction characteristics Performance No. of accomplished tasks
Performance Average time on task

Instrumental qualities Perceived usability SUMI usability dimensions

(Kirakowski, 1996)
Classical visual aesthetics

Non-instrumental qualities Perceived visual aesthetics (Lavie & Tractinsky, 2004)
Emotional user reaction Subijective feelings SAM - valence (Lang, 1980)
SAM — arousal (Lang, 1980)
Physiological reaction Heart rate
EDA
Motor expressions EMG - zygomaticus major
EMG - corrugator supercilii
Consequences Overall judgment (SKlfr'\;ILgJ\?Sbk?’l glgrgg; sion
Alternative choice Ranking

Questionnaires were employed to assess users’ perception of instrumental and non-
instrumental qualities. Selected sub-dimensions of the Subjective Usability Measurement In-
ventory (SUMI; Kirakowski, 1996) served to rate perceived usability (Cronbach’s alpha .83
for controllability, .82 for effectiveness, .70 for helpfulness, .70 for learnability). Each of the
dimensions was measured with four items and ratings ranged from 0 to 2 (low to high). The
dimension of a questionnaire developed by Lavie and Tractinsky (2004), called classical vis-
ual aesthetics, was used to measure visual aesthetics (Cronbach’s alpha .76). This scale con-
sisted of five items and ratings ranged from 0 to 6 (low to high).

To study emotional user reactions, methods were used that provided data on subjective feel-
ings, physiological reactions, and expressive behavior. To survey subjective data, the Self-

91



Assessment Manikin (SAM) was used that captures the quality and intensity of emotions on
two distinct dimensions called valence and arousal (Lang, 1980). SAM provided one graphi-
cal item to measure each of the dimensions valence and arousal and ratings ranged from 0 to 8
(low to high valence or arousal). Electrodermal activity (EDA) and heart rate were used to
measure physiological reactions (Ward & Marsden, 2003). To assess facial expressions, elec-
tromyographic responses (EMG) were recorded from the zygomaticus major and corrugator
supercilii muscle sites, which control smiling and frowning, respectively (Partala & Surakka,
2004).

Two techniques served to measure consequences of user experience: the global dimension of
the SUMI (Kirakowski, 1996; Cronbach’s alpha .84) to assess overall judgments (five items,
ratings from 0 to 2) and the choice between the two tested versions. An overview of all mate-
rials can be found in the Appendix D.4.

6.1.5 Hypotheses
The following hypotheses resulted from the research goals addressed in this study:

H1la: The factor USABILITY has an effect on interaction characteristics associated with user
performance (task completion rates and time on task) and the perception of instrumental
qualities (perceived usability).

H1b: The factor VISUAL AESTHETICS has an effect on the perception of non-instrumental
qualities (perceived visual aesthetics).

H1c: No interaction effect is found for the factors USABILITY and VISUAL AESTHETICS regard-
ing neither of the dependent variables perceived usability or perceived visual aesthetics, be-
cause these qualities are perceived independently.

H2a: The factors USABILITY and VISUAL AESTHETICS have an effect on emotional user reac-
tions with respect to subjective feelings, physiological reactions, and motor expressions. The
valence of subjective feelings should be higher and arousal smaller in the high usability and
high visual aesthetics conditions. EDA and heart rate as well as activity of the currogator su-
percilii should be smaller and activity of the zygomaticus major higher in the high usability
and high visual aesthetics conditions.

H2b: Emotional user reactions can be predicted by users’ quality perceptions (perceived us-
ability and perceived visual aesthetics).

H3a: The factors USABILITY and VISUAL AESTHETICS have an effect on consequences of user
experience (overall judgment and alternative choice). Overall judgments should higher for the
high usability and high visual aesthetics conditions. Furthermore, the high usability and high
visual aesthetics conditions should be chosen more frequently.

92



H3b: Overall judgments are influenced by users’ quality perceptions (perceived usability and
perceived visual aesthetics) and emotional reactions (subjective feelings).

6.1.6 Procedure

The study was conducted at the UseLab at the Center of Human-Machine-Systems at Berlin
University of Technology. The experiments lasted 60 minutes on average. At the beginning,
electrodes for measuring physiological reactions and facial expressions were attached and
baseline values were recorded for two minutes. Participants were assigned to one of the four
experimental groups (Table 6.1) and started with the first player version completing a first set
of five typical tasks (Table 6.3). They then switched to the other version to solve five tasks
from a second set. Maximum time for each task was two minutes. Before accomplishing the
tasks, subjects rated the visual aesthetics of each version. Heart rate, EDA, and EMG were
measured during task completion. The interaction with the system was recorded to analyze
user behavior. After each task, participants assessed their affective state with the SAM scales.
After completing all tasks, the usability of the system was rated and the overall judgment was
given. At the end of the experiment, the two versions were ranked.

Table 6.3: Tasks of one set used in Study 2.

Task Description
1 The audio player has a radio. Please find out which channel is set.
2 Please have a look at which songs you find in the category German Punk.
3 The audio player is able to manage your contacts. Please check if any contacts
are saved so far.
4 Please set the playback mode to RANDOM ONCE.
5 You are going to travel to Italy. To get you in the mood, please change the menu

language to Italian.

6.1.7 Data preparation

Heart rate and EDA were measured as differences from the individual baseline level in order
to reduce inter-individual differences and allow comparisons between subjects. For heart rate,
the time series data was converted to single point through averaging the time series for every
task. Regarding EDA, the maximum value for each task was interpreted and averaged over all
tasks. The EMG data were integrated and t-transformed. Average values were computed for
each perceived usability dimension and totaled (overall values ranged from O to 8, low to
high). SAM scores for valence and arousal were averaged over all five tasks.
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6.2 Results

Table 6.4 gives an overview of the data for all dependent variables. In the next sections, re-
sults on differences regarding interaction characteristics, quality perceptions, emotional user
reactions, and consequences of user experience are reported. The presentation of the factor-
based results that uses mixed linear models to test the hypothesized effects (H1a, H1lb, Hlc,
H2a, H3a) is followed by an analysis of the interrelations between the components of the
framework (H2b, H3b). Here regression analyses are reported. Tables presenting all relevant
analyses outcomes in detail can be found in the Appendix D.5.

Table 6.4: Mean scores and standard deviations for both levels of usability and aesthetics
on all dependent variables.

Low Usability High Usability

Component &

Dependent variable Low aesthetics  High aesthetics Low aesthetics High aesthetics

M SD M SD M SD M SD
Interaction characteristics
No. of accomplished tasks (0-5) 3.8 1.3 3.8 1.2 4.9 0.5 4.9 0.3
Average time on task [s] 47.0 24.3 46.6 20.1 25.0 13.2 22.7 11.4
Quality perceptions
Perceived usability (0-8) 3.1 2.0 4.0 2.3 6.6 1.0 6.6 15
Perceived visual aesthetics (0-6) 2.2 1.2 4.1 1.2 2.7 15 3.9 1.0
Subjective feelings
SAM - valence (1-9) 3.3 1.8 3.7 1.9 52 1.2 6.1 1.5
SAM — arousal (1-9) 4.8 1.4 4.2 1.7 34 1.4 2.8 1.5
Physiological reactions
EDA [uS] 14.9 154 9.1 16.2 0.6 8.1 0.9 8.2
Heart rate [bpm] 0.7 7.4 -6.8 13.8 -1.4 11.3 2.9 16.1
Motor expressions
EMG - corrugator supercilii 7.4 15.1 7.4 15.9 2.4 15.8 2.2 15.2
EMG — zygomaticus major 1.0 11.8 0.7 111 4.5 15.1 2.9 13.9
Overall judgments
Global rating (0-2) 0.5 0.5 0.8 0.7 1.4 0.4 1.6 0.5
Preference 0% 29% 71 % 100 %

94



6.2.1 Interaction characteristics

The behavioral data ensure that the variation of usability leads to differences in interaction
characteristics as planned and as indicated by the results of the pretest. The two usability ver-
sions differ with respect to central interaction characteristics. Compared to the version of
lower usability, the highly usable system leads to a greater percentage of correct solutions,
F192=52.9, p<.001, and to faster completion, F;g3=44.5, p<.001. No significant effect for the
factor VISUAL AESTHETICS or the interaction is found.

6.2.2 Instrumental and non-instrumental quality perceptions

The analysis of the subjective usability and aesthetics data shows that the variations caused
the predicted differences in users’ quality perceptions (Figure 6.3). Significant differences are
found for the factor USABILITY in the ratings of perceived instrumental qualities based on the
SUMI questionnaire, F19,=70.4, p<.001. The data reveals no effect of the factor vISUAL AES-
THETICS. With respect to the perception of non-instrumental qualities, there are significant
differences between the two treatments of the factor VISUAL AESTHETICS, F;g5=55.2, p<.001,
but no effect is found for the factor usABILITY. The analysis reveals no interaction effects.

Perceived Usability Perceived Visual Aesthetics

8 6
71 T -|_ 5 |
‘| [
> T N hetics high
aesthetics hi
4 3 | O g
@ aesthetics low
3 ]
2
2
1] 1
0 ‘ 0 ‘
usability high usability low usability high usability low

Figure 6.3: Perceived usability and visual aesthetics ratings for the four conditions.

6.2.3 Emotional user reactions

The analysis of the subjective emotional data shows significant main effects for the factors
USABILITY and VISUAL AESTHETICS on the dimensions valence and arousal (Figure 6.4). The
following main effects are found: usability on valence, F;9=38.7, p<.001, usability on
arousal, F;78=19.2, p<.001, aesthetics on valence, F; 90=4.7, p<.05, and aesthetics on arousal,
F178=5.6, p<.05. The treatment ‘low’ leads to less positive valence and to a higher arousal
compared to the treatment ‘high’ for both factors. No interaction effects are found.
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Emotional reactions (SAM)
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Figure 6.4: SAM ratings for the four systems
(squared high vs. round low usability; filled high vs. unfilled low aesthetics).

The physiological and expressive data partially underlines these results. With respect to users’
expressive behavior as measured by EMG, a statistical trend for the factor USABILITY con-
cerning the activity of the corrugator supercilii is found, F1g9=2.8, p<.10. Activity tends to be
higher in the low-usability conditions. No effect is found for VISUAL AESTHETICS. The analy-
sis reveals neither an effect for the factor USABILITY nor VISUAL AESTHETICS regarding the
activity of the zygomaticus major (Figure 6.5).

corrugator supercilii zygomaticus major

25 25
20 A 20 A -
5] 159 -~ O aesthetics high
10 10 T [ aesthetics low

5 5

B e e o R

usability high usability low usability high usability low

Figure 6.5: EMG corrugator supercilii and zygomaticus major for the four conditions.

Regarding physiological reactions, a significant effect of the factor usABILITY on electroder-
mal activity is found, F; ge=17.6, p<.001, but no effect on heart rate. EDA is higher in case of
low usability. No influence of the factor VISUAL AESTHETICS is detected for neither of the two
measures of physiological reactions (Figure 6.6).
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Figure 6.6: EDA and heart rate for the four conditions.

6.2.4 Consequences of user experience

The global dimension of the SUMI as the measure for overall judgments shows a significant
main effect of the factor USABILITY, F; 9=69.5, p<.001, and a trend for the factor VISUAL AES-
THETICS, F189=3.2, p<.10 (Figure 6.7). All participants of Groups 1 and 4 prefer the highly
usable and attractive version to the version of low usability and low attractiveness. With re-
spect to Groups 2 and 3, 71 % of the participants prefer the system of high usability and low
aesthetics to the system of low usability and high aesthetics. The second combination is fa-
vored by 29% of the participants.

Overall Ratings

1,5 1 I
O aesthetics high
1 ‘|' Eaesthetics low
0,5 -
0 ‘
usability high usability low

Figure 6.7: Overall ratings for the four conditions.
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6.2.5 Interrelations of components

A regression analysis to predict participants’ subjective feelings using their quality ratings as
predictors produces the results presented in Table 6.5. The analysis shows that 46% of the
variance of valence is predicted with the perceived usability ratings. 19% of the variance of
arousal is predicted also by perceived usability. Quality perceptions of visual aesthetics do not
explain a significant part of the variance of subjective feelings’ valence or arousal.

Table 6.5: Regression analysis of subjective feelings using usability and visual aesthetics
ratings as predictors.

Subjective feelings

Predictors
Valence Arousal
Perceived usability .68 *r* - 44rrx
Perceived aesthetics .01 -.05
R? 46 % 19 %

*p<.05;*p<.01, ***p<.001

A regression analysis to predict participants’ overall judgments using their quality ratings
(usability and visual aesthetics) and their subjective feelings as predictors produces the results
presented in Table 6.6. 62% of the variance of the overall judgments is predicted using the
four variables. Only perceived usability and the valence of users’ subjective feelings have a
significant influence.

Table 6.6: Regression analysis of overall judgments using usability and visual aesthetics rat-
ings as well as subjective feelings as predictors.

Predictors Overall rating
Perceived usability 58***
Perceived aesthetics .10
Subijective feelings - valence 30%**
Subjective feelings - arousal .09

R2 62 %

*p<.05;*p<.01, ***p<.001
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6.3 Discussion

The rationale underlying Study 2 is to vary selected system features in order to produce inter-
action characteristics leading to different perceptions of instrumental and non-instrumental
qualities, which in turn cause different emotional user reactions and corresponding different
consequences of user experience.

6.3.1 Instrumental and non-instrumental quality perceptions

The variation of system properties associated with usability and visual aesthetics has the pre-
dicted impact on the perception of both types of qualities (H1la and H1b). Systems with fea-
tures leading to a high degree of usability and visual aesthetics receive better ratings than
their impaired counterparts (Hassenzahl, 2001). For the variation of usability these differences
are also reflected in participants’ performance with the stimuli.

However, the results raise the question if the variation of usability and aesthetics are similar
in size. Participants’ average ratings for perceived usability show that the high usable versions
receive ratings in the top quarter of the rating scale, while the low usable versions receive
ratings slightly below the theoretical middle of the scale. On the contrary, perceived visual
aesthetics ratings are only slightly above the theoretical middle of the scale for the high aes-
thetics versions and slightly below the theoretical middle of the scale for the low aesthetics
versions. Next to the general question regarding the comparability of the two constructs, the
comparison of perceived usability and visual aesthetics ratings is additionally complicated
because of the different ranges of scales used to measure the two quality perceptions. Even so,
this aspect has to be kept in mind when discussing further results regarding the influence of
the variation of usability and visual aesthetics on emotional user reactions and overall judg-
ments.

The analysis reveals no influence of the manipulation of usability on the perception of visual
aesthetics or vice versa. It can be argued that specific system properties influence the percep-
tion of instrumental and non-instrumental qualities independently (H1c). These results con-
tradict previous findings (Tractinsky et al., 2000; Ben-Bassat, Meyer & Tractinsky, 2006).
There are at least two possible explanations for the reported results. First, a main criterion for
choosing design dimensions for the variation of system properties in this study was that they
influence either instrumental or non-instrumental quality perceptions. This approach is to
some extent artificial, but necessary to examine whether system properties influence the per-
ception of instrumental and non-instrumental qualities independently. It may be that in other
studies the variation of aesthetics also changed system properties that contribute to the usabil-
ity of the system, leading also to differences in perceived usability (see for the discussion of
attribute overlap in Hassenzahl, 2007). The results of Study 2 verify that the variations used
here only included design dimensions that influence one of the qualities. One reason for this
success may be that the choice of system properties for variations is derived from the litera-
ture of menu design and visual aesthetics of interactive systems. A second explanation is that
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the methods to measure quality perceptions used in this study differed from those used in
other studies (Tractinsky et al., 2000; Ben-Bassat et al., 2006). In previous studies, general
ratings about the perception of a system’s usability and visual aesthetics are mostly assessed
by asking one question for each concept. In this study, rating scales are used that consist of
five items for visual aesthetics and sixteen items for perceived usability allowing a more de-
tailed data collection. These methods may be less susceptible to be influenced by other quali-
ties of an interactive system compared to more general assessment approaches.

6.3.2 Influences on emotional user reactions

The variation of system properties also leads to differences in participants’ emotional reac-
tions (H2a). The results of the SAM questionnaire show that both factors USABILITY and Vis-
UAL AESTHETICS have an effect on subjective feelings. The system of high usability and ap-
pealing design is experienced as most satisfying, while the system of low usability and least
attractiveness is most annoying.

Since no statistical interaction between usability and aesthetics is found, the two factors con-
tribute to users’ subjective feelings additively as assumed by Rafaeli and Vilnai-Yavetz
(2004). Figure 6.4 demonstrates that participants’ average subjective feelings are located on a
line in the two dimensional space of emotional qualities that runs from frustration in the upper
left corner to satisfaction in the lower right corner. The results correspond with the findings of
the study on emotional user reactions presented in Chapter 4. Although in Study 2 both in-
strumental and non-instrumental qualities are manipulated to be positive in one of the condi-
tions, participants’ feelings are not in the quadrant of excitement or joy. As particularly these
emotional qualities are of interest for research on emotional reactions in human-technology
interaction, the question of how to generate more enthusiastic user reactions remains unre-
solved. To achieve this, it may be necessary to induce quality perceptions that reach beyond
users’ previous experiences. In this study, both the high usable and high aesthetics variations
may have been not particularly outstanding.

The results on participants’ subjective feelings reveal that the effect of system properties re-
lated to usability is greater than the one related to visual aesthetics for both, valence and
arousal. Instrumental qualities have a higher effect on the emotional experience of the interac-
tion than non-instrumental quality perceptions. However, as already discussed, it is hard to
say if the variations of usability and visual aesthetics in this study were commensurate. How-
ever, these results support findings of a regression analysis to predict users’ subjective feel-
ings in the previous study, in which instrumental qualities also had a main effect on both va-
lence and arousal. Accordingly in Study 2, the regression analyses predicting subjective feel-
ings’ valence and arousal dimensions also reveal a higher influence of the variable perceived
usability (H2Db).

It is surprising that perceived visual aesthetics has no significant influence on subjective feel-
ings based on the results of the regression analysis. This result contradicts the finding that
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subjective feelings differ significantly in the condition with low and high visual aesthetics. An
explanation might be that variation of the two usability conditions are more obvious com-
pared to the differences between low and high visual aesthetics.

This interpretation is supported by the data on physiological reactions and facial expressions.
Differences are found for dermal activity and the activity of the corrugator supercilii. How-
ever, only the factor USABILITY has a significant effect on both measures. In the conditions of
low usability dermal activity is higher, which corresponds with a higher level of arousal. The
activity of the corrugator supercilii that is responsible for frowning is higher in the low usabil-
ity condition. This result underlines the lower level of valence in the conditions of low usabil-
ity. No effect of the factor VISUAL AESTHETICS is found for any of the measures of physiologi-
cal reactions or motor expressions. This indicates that the effect of this variation on emotional
user reactions is smaller.

As in the study on emotional user reactions in Chapter 4, heart rate and the activity of the zy-
gomaticus major do not help to answer the questions regarding emotional user reactions ad-
dressed in this study. The argumentation that these two measures are less suitable to assess
emotional user reactions in interactive contexts is supported by the data gained in Study 2.

6.3.3 Influences on consequences of user experience

Finally, overall judgments and choices between alternatives point in the same direction as the
ratings of perceived qualities and emotions and reveal a greater impact of the factor USABIL-
ITY on the overall appraisal of the systems (H3a). Figure 6.7 demonstrates this interpretation
graphically. Also the results on the ranking of Groups 2 and 3 support these findings. These
two groups used the two systems that are high for one of the factors and low for the other one
(low usability/high aesthetics and high usability/low aesthetics). Here, 71% value usability
more, while the remaining 29% choose the system with high aesthetics and low usability. If
both aspects were equally important, about half of the participants should choose the one sys-
tem and the other half the other one. As considerably more participants choose the system
with high usability, this quality seems to be more important.

A regression analysis of the overall ratings shows a significant influence of perceived usabil-
ity and the valence of users’ subjective feelings (H3b). In contrast to the results of Study 1, no
influence of perceived non-instrumental qualities is found in Study 2. Again, a smaller differ-
ence regarding visual aesthetics may be the explanation.

6.3.4 Limitations

The discussion demonstrates that it is important to try to vary system properties that are asso-
ciated with instrumental and non-instrumental qualities independently and to a similar degree
if conclusions are to be drawn about their relative impact. The following study provides an
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attempt by using the same variation of usability and improving the high aesthetics version to
increase the difference between the two variations of aesthetics.

Another argument for the relatively higher importance of instrumental qualities in Study 2
that has not been considered so far might be the influence of other antecedents of user experi-
ence in addition to system properties. In the framework presented in Chapter 3, user charac-
teristics and context parameters are proposed as other influencing factors. Previous findings
demonstrate for example that the difference of the importance of instrumental and non-
instrumental quality perceptions for overall judgments depends on the situation in which a
user interacts with a technical product (Hassenzahl & Ullrich, 2007). Therefore, a variation of
user characteristics and context parameters is incorporated in Study 3.

Furthermore, cognitive appraisals that are proposed as one aspect of emotional user reactions
have not been applied in a study that varied system properties to induce different perceptions
of both instrumental and non-instrumental qualities. Therefore, these are added as another
measure in the following study.

6.4 Chapter Summary

Study 2 reveals that system properties independently influence instrumental and non-
instrumental quality perceptions. Furthermore, variations of system properties influence not
only subjective feelings but also other aspects of emotional user reactions, i.e. physiological
reactions and motor expressions. The variation of system properties that are associated with
the usability of the system has a higher impact than differences on design dimensions corre-
sponding with the visual aesthetics of the products. These findings are underlined by the re-
sults connecting participants’ quality perceptions with their subjective feelings; here also per-
ceived usability has the main influence. Further results show that the variation of system
properties also has an effect on overall judgments. These findings support the assumptions
drawn in the user experience framework that differences in system properties influence qual-
ity perceptions and emotional user reactions, which in turn impact overall judgments and
other consequences of user experience. An analysis of the influence of quality perceptions
and emotional reactions on overall judgments reveals a main influence of instrumental quality
perceptions and a moderate impact of the valence of participants’ subjective feelings.
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7 Study 3: Experimental variation of system proper-
ties, user characteristics, and context parameters

The third empirical study takes a similar approach as the previous study, but tries to find out
more about the interrelations proposed in the user experience framework by additionally vary-
ing user characteristics and context parameters as other influencing factors next to system
properties. As in Study 2, portable audio players are used as the domain of study and com-
puter-based simulations differing on specific design dimensions are applied. Again, system
properties that are associated with the usability of the players are varied and differences with
respect to the visual aesthetics of the systems are generated. As results on quality perceptions
in the previous study suggest that the differences in usability were higher than those of visual
aesthetics, the difference in visual aesthetics is increased for this study.

Furthermore, user characteristics are varied in Study 3. Cultural differences have widely been
studied in the area of human-technology interaction. The focus has mainly been on the im-
provement of system usability with respect to users with different cultural backgrounds and
the relevance of cultural differences has been demonstrated. However, almost no studies exist
that focus on cultural differences regarding users’ experience of interaction. Therefore, cul-
tural background is chosen as independent variable for this Study. Differences between Euro-
pean and North American cultures are focused, as previous studies on user experience of in-
teraction are especially based on data from these cultural settings. Additionally, participants’
centrality of visual product aesthetics is assessed as another user characteristic. Defined by
Bloch, Brunel and Arnold (2003) as the level of significance of visual aesthetics of products,
it is used as another variable to study the influence of user characteristics on user experience.

Context parameters are the third category of influencing variables described in the user ex-
perience framework. In this study, task demands are varied. Hassenzahl and Ullrich (2007)
found that the influence of instrumental and non-instrumental quality perceptions on overall
judgments differs depending on whether users are in a goal-mode or action-mode. In the goal-
mode, participants are required to accomplish given tasks, while they have the same amount
of time to explore the system on their own in the action-mode. This variation is applied here
to investigate the effect of context parameters on emotional responses.
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7.1 Method

7.1.1 Participants

One hundred sixty individuals (88 women, 72 men) participated in the study. All of them
were students or employees either at Carleton University, Ottawa, Canada or at Berlin Uni-
versity of Technology, Germany. They were between 17 and 54 years old (M = 24.1, SD =
3.6). Most of the participants (n = 137) owned a portable audio player and used it regularly.
Almost all (n = 154) used computers daily. Participants were paid or received credits for tak-
ing part in the study.

7.1.2 Materials

Again, portable audio players were chosen as the domain of study and different versions were
simulated on a computer. Like in the previous study, the aim of the variation of system attrib-
utes was to influence perceived usability and aesthetics of the systems independently. To pro-
duce two versions with different levels of usability, three presentation features were varied:
the number of menu lines shown (five versus two), a scrollbar indicating available but hidden
menu items (given or not), a cue about the present position in the menu hierarchy (given or
not). These variations had been already used in Study 2 (Figure 7.1).

Menu ] -
Music library > Music library
Now playing Now playing
Radio Fron mameny: 2308
Total number of albums: 45
Extfﬂs Total numbar of songs: 312
Energy loft: 4h 32min
v Playing mode Voluma: 810

Figure 7.1: Variations of information presentation used in the study
(high usability left, low usability right, both English version and high aesthetics variation).

With respect to system features designed to influence the perception of visual aesthetics, two
different body designs were used in Study 2 varying in symmetry, color combination, and
shape. Because these manipulations resulted in small differences in perceived visual aesthet-
ics between the two versions, an attempt was made to improve the high-aesthetic version.
Therefore, a body design was used as high-aesthetic version that was prepared by a profes-
sional designer (Figure 7.2). More detailed screenshots of the systems can be found in the
Appendix E.1.
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Menu

Menu [
- >
»
Now playing
Now playing playing

Radio
Radio

E Extras
Extras
v Playing mode v Playing mode

Figure 7.2: Portable audio player bodies used in the study
(high aesthetics left, low aesthetics right, both English version and high usability variation).

The prototypes were presented on a 7 TFT-display with touch screen functionality that par-
ticipants could hold in their hands for providing input. The display was connected to a com-
puter that ran the simulation of the audio player.

7.1.3 Independent variables and design

Four independent variables were manipulated: USABILITY, VISUAL AESTHETICS, CULTURE and
MODE. Since each of the variations of USABILITY and VISUAL AESTHETICS had two levels (high
and low), four prototypes were created: (a) high usability and high aesthetics, (b) high usabil-
ity and low aesthetics, (c) low usability and high aesthetics, (d) low usability and low aesthet-
ics. The factor cULTURE had two conditions: one half of the participants were Canadians, the
other half Germans. The factor MODE also had two conditions: in the goal-mode participants
were required to accomplish a set of tasks and in the action-mode they were freely browsing
the system for the same amount of time. All four variables were between-subjects factors (Ta-
ble 7.1).

Table 7.1: Overview of the design used in Study 3.

Usability Usability
System High Low
properties Aesthetics Aesthetics Aesthetics Aesthetics
High Low High Low
Cultural Usage
background mode
Goal-mode N =10 N =10 N =10 N =10
German :
Action- N = 10 N = 10 N = 10 N = 10
mode
Goal-mode N =10 N =10 N =10 N =10
Canadian ;
Action- N =10 N =10 N = 10 N = 10
mode
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7.1.4 Dependent variables

Table 7.2 gives an overview of the used dependent variables. Two types of behavioral data
were recorded in the task condition to ensure that versions of assumed high or low usability
differed as planned: task completion rates and time on task.

Table 7.2: Overview of dependent variables used in Study 3.

User experience component  Construct Variable
Interaction characteristics Performance No. of accomplished tasks
Performance Average time on task

SUMI usability dimensions (Kira-

Instrumental qualities Perceived usability kowski, 1996)

Non-instrumental qualities Perceived visual aesthetics Classical yisual aesthetics (Lavie
and Tractinsky, 2004)

Emotional user reactions Subjective feelings SAM - valence (Lang, 1980)

SAM - arousal (Lang, 1980)

Intrinsic pleasantness
(Scherer, 2001)

Novelty (Scherer, 2001)

Goal/need conduciveness
(Scherer, 2001)

Coping potential

(Scherer, 2001)

Norm/self compatibility
(Scherer, 2001)

SUMI global dimension (Kira-
kowski, 1996)

Cognitive appraisals

Consequences Overall judgment

Questionnaires were employed to assess the user’s perception of instrumental and non-
instrumental qualities. Selected sub-dimensions (controllability, effectiveness, helpfulness,
learnability) of the Subjective Usability Measurement Inventory (SUMI; Kirakowski, 1996)
served to rate usability (Cronbach’s alpha .88 for controllability, .76 for effectiveness, .59 for
helpfulness, .60 for learnability). The dimension classical visual aesthetics of a questionnaire
developed by Lavie and Tractinsky (2004) was used to measure visual aesthetics (Cronbach’s
alpha .80).

Subjective emotional data were obtained via the Self-Assessment Manikin (SAM; Lang,
1980) that captures the quality (valence) and intensity (arousal) of emotions. Cognitive ap-
praisals were obtained via a questionnaire based on the Geneva Appraisal Questionnaire
(Scherer, 2001). It measures the five appraisal dimensions already discussed in Chapters 3
and 4. intrinsic pleasantness, novelty, goal/need conduciveness, coping potential, and
norm/self compatibility. Novelty is a measure of familiarity and predictability of the occur-
rence of a stimulus, while the intrinsic pleasantness dimension describes whether a stimulus
event is likely to result in a positive or negative emotion. Goal conduciveness relates to the
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importance of a stimulus for the current goals or needs. The dimension of coping potential is
connected to the extent to which an event can be controlled or influenced. Norm/self com-
patibility describes the extent to which a stimulus satisfies external and internal standards.

The global dimension of the SUMI (Kirakowski, 1996; Cronbach’s alpha .75) was used to
measure overall judgments. An overview of all materials can be found in the Appendix E.2.

7.1.5 Other variables

To assess baseline values for participants” subjective feelings, the multidimensional mood
questionnaire by Steyer, Schwenkmezger, Notz and Eid (1997) was used at the beginning.
The dimensions of valence and arousal were of special interest and were used to normalize
the subjective feelings data that was measured during the interaction with the SAM scales.

Two usage situations were induced based on the instructions. A one-item scale (usage situa-
tion) based on Hassenzahl and Ullrich (2007) was used to ensure if the participants experi-
enced the usage situation as intended depending on the condition. Participants were asked if
they focused on the product (action-mode) or on obtaining their goals (goal-mode) while us-
ing the product.

A questionnaire by Bloch, Brunel and Arnold (2003) was used to measure individual differ-
ences in participants’ centrality of visual product aesthetics (CVPA). The concept is defined
as the relevance that visual aesthetics of products has for a user. Three related dimensions of
CVPA were measured with the questionnaire (value, acumen, and response intensity) and
were summarized to receive a CVPA score for each participant.

7.1.6 Hypotheses
The following hypotheses resulted from the research goals addressed in this study:

H1la: The factor USABILITY has an effect on interaction characteristics associated with user
performance (task completion rates and time on task) and the perception of instrumental
qualities (perceived usability). The factor VISUAL AESTHETICS has an effect on the perception
of non-instrumental qualities (perceived visual aesthetics). No interaction effect is found for
the factors USABILITY and VISUAL AESTHETICS regarding neither of the dependent variables
perceived usability or perceived visual aesthetics.

H1b: The factors USABILITY and VISUAL AESTHETICS have an effect on emotional user reac-
tions with respect to subjective feelings and cognitive appraisals. The valence of subjective
feelings should be higher and arousal smaller in the high usability and high visual aesthetics
conditions. The hypothesis regarding the five dimensions of the dependent variable cognitive
appraisal is undirected.
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H1lc: The factors USABILITY and VISUAL AESTHETICS have an effect on overall judgments.
Overall judgments should higher for the high usability and high visual aesthetics conditions.

H2a: The factor CULTURE has an effect on quality perceptions (perceived usability and per-
ceived visual aesthetics), emotional reactions (subjective feelings and cognitive appraisals)
and overall judgments. The hypothesis is undirected.

H2b: For participants with high centrality of visual product aesthetics the importance of per-
ceived visual aesthetics for emotional reactions and overall judgments is higher.

H3a: The factor MODE does not have an influence on quality perceptions (perceived usability
and perceived visual aesthetics), but on emotional reactions (subjective feelings and cognitive
appraisals) and overall judgments.

H3b: For participants in action-mode, the influence of non-instrumental quality perceptions
on subjective feelings and overall judgments are higher than in goal-mode. For instrumental
quality perceptions the opposite is found.

7.1.7 Procedure

The study was conducted at the Human-Oriented Technology Lab at Carleton University,
Ottawa, Canada, and in the UseLab at the Center of Human-Machine-Systems at Berlin Uni-
versity of Technology. The experiment took 30 minutes on average. Participants were given
instructions describing the experimental procedure and the use of SAM. They were then
asked to rate their subjective feelings on the multidimensional mood questionnaire. Depend-
ing on the experimental condition to which they were assigned at random, the relevant player
was presented and participants rated its visual aesthetics. Next, they read a short text describ-
ing how to use the system.

Table 7.3: Tasks of one set used in Study 3.

Task Description
1 Please set the playback mode to RANDOM ENDLESS.
5 The audio player is able to manage your contacts. Please find out if any contacts

are saved so far.
Please have a look which songs you find on the player in the Genre Pop.

Please change the sound setting of the player to CLASSIC.

The audio player can be also used to store data. You have to reserve storage for
the data. Please set the data storage to 1GB.

o b~

One half of the participants were then asked to complete the set of five given tasks (Table
7.3). The other half explored the system for a certain amount of time. In the task condition, a
limit of two minutes was set for each task. The participants actually completed the five tasks
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in five minutes on average. Therefore, a five-minute time limit was also set for the exploring
participants. In the task condition, participants filled in SAM scales after the first, third, and
fifth task. In the browsing condition, they were asked to rate their current subjective feeling
after one, three, and five minutes of exploration. SAM scores for valence and arousal were
averaged over all three assessments. After finishing the tasks or the exploration, the cognitive
appraisal questionnaire was completed and usability as well as overall ratings were obtained.

7.2 Results

The presentation of the results starts with the factor-based analyses of variance regarding in-
teraction characteristics, quality perceptions, emotional user reactions, and consequences of
user experience. These are followed by the results on interrelations between the various com-
ponents of the user experience framework. Here regression analyses are presented. Perceived
usability data is missing for six, perceived visual aesthetics data for one, cognitive appraisal
data for one, and overall ratings for two participants, because they missed to fill in the respec-
tive parts of the questionnaire. An overview of the data for all dependent variables and tables
presenting all relevant analyses outcomes can be found in the Appendix E.3 and E.4.

A 2x2x2x2 analyses of variance with USABILITY, VISUAL AESTHETICS, CULTURE, and MODE as
between-subjects factors and the control variable usage situation as dependent variable shows
a significant main effect of the factor MoDE, F(15,144)=6.2, p < .05. Participants in explora-
tion condition focus more on the product while subjects in the task condition concentrate on
obtaining their goals. No other effects are found for the variable usage situation.

7.2.1 Interaction characteristics

A 2x2x2 analysis of variance of the data from the task conditions with USABILITY, VISUAL
AESTHETICS, and CULTURE as between-subjects factors and the behavioral measures (task
completion rates and time on task) as dependent variables shows a significant main effect for
USABILITY only, F77,=15.4, p < .001 and F77,=25.4, p < .001, respectively. This manipulation
check ensures that the variation of the factor usABILITY leads to differences in users’ per-
formance with the systems as intended.

7.2.2 Instrumental and non-instrumental qualities

Figure 7.3 shows the perceived usability and visual aesthetics ratings separated for the four
system properties conditions. A 2x2x2x2 analysis of variance with USABILITY, VISUAL AES-
THETICS, CULTURE, and MODE as between-subjects factors and the usability ratings as depend-
ent variable demonstrates a significant main effect for usABILITY only, Fi5138=28.1, p < .001.
The versions designed for high usability are experienced as more usable.
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Perceived Usability Perceived Visual Aesthetics
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usability high usability low usability high usability low

Figure 7.3: Perceived usability and visual aesthetics ratings for the four usability and visual
aesthetics conditions.

Contrary, a 2x2x2x2 analysis of variance with USABILITY, VISUAL AESTHETICS, CULTURE, and
MODE as between-subjects factors and the visual aesthetics ratings as dependent variable
shows a significant main effect for VISUAL AESTHETICS, F15143=64.0, p < .001. The versions
designed for high visual aesthetics are experienced as more aesthetic. There is also a smaller
main effect for CULTURE, Fi5143=4.7, p < .05. The aesthetics ratings of German participants
are lower than those of Canadian participants (Figure 7.4).

Canada Germany

4. [ [ 4 T
O aesthetics high

3 3 .
m aesthetics low
2 2
1 1
0 ‘ 0 ‘
usability high usability low usability high usability low

Figure 7.4: Perceived visual aesthetics ratings for the four usability and visual aesthetics
conditions broken down by Canadian and German participants.

The analyses reveal that specific system properties independently influence the perception of
instrumental (i.e. usability) and non-instrumental qualities (i.e. visual aesthetics). Quality per-
ceptions are not influenced by the usage mode.
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7.2.3 Emotional user reactions

A 2x2x2x2 analysis of variance with USABILITY, VISUAL AESTHETICS, CULTURE, and MODE as
between-subjects factors and the averaged valence dimensions of the subjective feelings rat-
ings as dependent variable shows a significant main effect for USABILITY, Fi5144=22.1, p <
.001. The interaction with the high usable player versions is experienced as more positive. No
significant effect is found for the factor VISUAL AESTHETICS. However, there is a significant
effect of the factor MODE, F15144=8.2, p < .01. Subjective feelings are more positive in the task
condition (goal-mode). Furthermore, a significant effect of CULTURE shows that Canadian
participants reported more positive subjective feelings than German users, Fi5144=3.8, p < .05.
A significant interaction effect of MODE and CULTURE demonstrates that German participants
report more negative subjective feelings in the exploration condition, Fi5144=5.6, p < .05. No
other interaction effects are significant. With respect to the averaged arousal ratings of the
participants, there was only an effect of the factor CULTURE, Fi5144=7.5, p < .01. Canadian
participants report higher arousal than German subjects. No other significant main or interac-
tion effects are found.

Additionally to the absolute subjective feelings ratings, changes from the baseline assessment
to the average subjective feelings rating during the interaction phase are calculated. Here,
results of a 2x2x2x2 analysis of variance with USABILITY, VISUAL AESTHETICS, CULTURE, and
MODE as between-subjects factors and the changes with respect to valence differ from the re-
sults of the analysis of the absolute values. The main effects of USABILITY and VISUAL AES-
THETICS are significant, Fi5144=14.5, p < .001 and Fi5144=5.2, p < .05, respectively. Partici-
pants’ subjective feelings are more positive, when they interact with systems that are more
usable and visually more aesthetic (Figure 7.5).

Changes of subjective feelings

O usability low / aesthetics low

©
2 0 . usability low / aesthetics high
g . |:| usability high / aesthetics low
@) B Il usability high / aesthetics high
p L]
-2
-2 -1 0 1 2
Valence

Figure 7.5: Changes of subjective feelings compared to baseline values for the four usability
and visual aesthetics conditions.
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However, no main effects of the factors MODE and CULTURE are found. A significant interac-
tion effect of MODE and CULTURE demonstrates that German participants report a change to
more negative subjective feelings in the exploration condition, Fis144=5.8, p <.05. No signifi-
cant main or interaction effects are found with respect to changes on the arousal dimension.

Using 2x2x2x2 analyses of variance with USABILITY, VISUAL AESTHETICS, CULTURE, and
MODE as between-subjects factors and the five cognitive appraisal dimensions as dependent
variables various differences are found. Participants rate the intrinsic pleasantness of the in-
teraction higher for the more usable version, Fi5143=21.4, p < .001, and the visually more aes-
thetic version, Fi5143=4.0, p < .05. The factor usABILITY has also a significant effect on the
variable novelty, Fi5143=21.0, p < .001. The interaction with the low usable versions is ex-
perienced as more novel. Also the German participants experience the interaction with the
systems overall as more novel than the Canadian subjects, Fi5143=7.5, p < .01. Furthermore,
German participants rate the interaction with the systems overall as less compatible with their
selves and norms than Canadian subjects, Fi5143=13.1, p < .001. The interaction with the sys-
tems in the exploration condition (action-mode) is experienced as more goal conducive than
in the goal-mode, Fi5143=7.9, p < .01. No other significant main or interaction effects are
found.

7.2.4 Overall judgments

The global dimension of the SUMI shows a significant main effect of the factor USABILITY,
F15143=25.2, p < .001. The high usable versions are rated as better. Another significant main
effect is found for the factor VISUAL AESTHETICS, Fi514,=8.1, p < .01. Again, the high visual
aesthetic versions receive better overall judgments.

Goal Mode Action Mode

1,5 - }V }V l' 1,5 - }V l'
1 O aesthetics high
| }V @ aesthetics low

usability high usability low usability high usability low

Figure 7.6: Overall judgment for the four usability and visual aesthetics conditions broken
down for goal and action mode.
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Furthermore, there is a main effect of the factor MODE, Fi5142= 8.1, p < .01 (Figure 7.6). In the
exploration condition (action-mode) players receive a lower overall judgment in general. The
analysis reveals no significant main effect for the factor CULTURE and no interaction effects.

7.2.5 Interrelations of components

A regression analysis to predict participants’ subjective feelings using their quality ratings as
predictors reveals the results presented in Table 7.5. 27% of the variance of valence is pre-
dicted with the perceived usability and visual aesthetics ratings. Almost no variance of
arousal could be predicted. Quality perceptions of usability and visual aesthetics contribute
significantly to the explanation of valence, while arousal is only influenced by perceived us-
ability.

Table 7.5: Regression analysis of subjective feelings using usability and visual aesthetics
ratings as predictors - overall, only for goal-mode and only for action-mode.

Overall Goal-mode Action-mode
Predictors
Valence Arousal Valence Arousal Valence Arousal
Perceived usability A4 F* -19+* 57w -.10 .34 ** -.30*
Perceived aesthetics .20 ** 12 .04 -.05 .33 ** 32 **
R2 27 % 3% 33% 1% 28 % 11 %

*p < .05; * p < .01; ** p < .001

Analyzing the two conditions of the factor MODE separately reveals a high correlation for per-
ceived usability and valence in the goal-mode, but not for perceived aesthetics and valence.
None of the correlations is significant for arousal. For the action-mode, the results yield a
moderately significant correlation of perceived usability and valence and also of perceived
aesthetics and valence. 11% of the variance of arousal is explained in the exploration condi-
tion. Both usability and visual aesthetics have a significant influence.

Analyzing the two groups with different cultural background separately reveals a high corre-
lation of perceived usability and valence for Canadian participants, but not for perceived aes-
thetics and valence (Table 7.6). None of the correlations was significant for arousal. For the
German participants, the results yielded a moderately significant correlation of perceived us-
ability and valence and also of perceived aesthetics and valence. Again, for arousal none of
the correlations was significant.
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Table 7.6: Regression analysis of subjective feelings using usability and visual aesthetics
ratings as predictors - overall, only for Canadian and only for German participants.

Overall Canada Germany
Predictors
Valence Arousal Valence Arousal Valence Arousal
Perceived usability A4 wx* -19* 49 FH* -17 .37 ** -.23
Perceived aesthetics .20 ** 12 .15 .13 .26 * .05
R2 27 % 3% 26 % 1% 25% 2%

*p < .05; * p < .01; ** p < .001

Regression analyses of the five cognitive appraisal dimensions using perceived usability and
visual aesthetics as predictors show the results summarized in Table 7.7. Thus, intrinsic pleas-
antness depends on both perceived usability and visual aesthetics. Furthermore, perceived
usability shows a significant negative correlation with novelty. These results are compatible
with the factor-based results reported in Section 7.3.3. Besides, the regression analysis of goal
conduciveness reveals a significant influence of perceived usability, but only 5 % of the vari-
ance is explained. Perceived usability and visual aesthetics have no significant influence on
coping potential or norm/self compatibility.

Table 7.7: Regression analysis of cognitive appraisal dimensions using usability and visual
aesthetics ratings as predictors.

Predictors Pleasantness Novelty relg\?z;:ce pc(;(t)e?rzrt]igl C(I)\Irg;)rgﬁ)eillifty
Perceived usability 50 *** -.53 *xx .26 ** .02 .07
Perceived aesthetics A5 * -.08 .04 .05 A1

R? 31% 30 % 5% 1% 1%

*p <.05; * p < .01; ** p < .001

A regression analysis to predict participants’ overall judgments using their quality ratings
(usability and visual aesthetics) and their subjective feelings (valence and arousal) as predic-
tors reveals the results presented in Table 7.8. Based on the data of all conditions, 57% of the
variance of the overall judgments is predicted using the four variables. Perceived usability
and visual aesthetics as well as the valence of the subjective feelings show a significant corre-
lation with the overall judgment.
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Table 7.8: Regression analysis of overall judgments using usability and visual aesthetics rat-
ings as well as subjective feelings as predictors.

Predictors Overall Goal-mode Action-mode  Canada Germany
Perceived usability 55 *xx 70Q *xx 4B rrx 52 *xx 59 *rx
Perceived aesthetics A7 ** A4+ 24 ** 22 ** A2
Subjective feelings - valence .23 *** A1 .26 ** .23 * .25 **
Subjective feelings - arousal .03 A3 =17 .03 .01

R2 57 % 63 % 57 % 52 % 61 %

*p<.05; * p<.01; ** p<.001

The perception of usability has a major influence in the goal-mode and also perceived visual
aesthetics shows a significant, but small correlation. 63% of the variance of the overall judg-
ments is explained in the task condition. For the action-mode, all four variables, perceived
usability, perceived visual aesthetics, and the valence as well as the arousal of users’ subjec-
tive feelings contribute to the explanation of 57% of the overall judgments.

There are also differences between Canadian and German participants. The influence of per-
ceived aesthetics is higher for Canadian participants. However, this may be caused by the
higher influence of perceived visual aesthetics on the valence of the subjective feelings for
German participants (Table 7.6).

7.2.6 Influence of covariates

Centrality of visual product aesthetics (CVPA) is considered as an additional user characteris-
tic. A selection of results regarding CVVPA is presented in the following.

An overall CVPA score is computed for each subject. The mean CVPA score is 3.28 (SD =
.84). To test whether a high CVPA score has an influence on the interrelations of user experi-
ence components the sample is divided into two groups depending on the CVPA score. The
group with high CVPA score has a mean score 3.95 (SD = .40) and the other group has a
mean score of 2.60 (SD = .58).

Analyzing the interrelations of quality perceptions and subjective feelings for the two groups
with different CVPA separately reveals a high correlation of perceived usability and valence
and no significant correlation for perceived aesthetics and valence for participants with low
CVPA (Table 7.9). None of the correlations for this group is significant for arousal. For the
participants with high CVPA the results yield an equally significant correlation for perceived
usability and also perceived aesthetics with valence. Again, for arousal none of the correla-
tions is significant for this group.
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Table 7.9: Regression analysis of subjective feelings using usability and visual aesthetics
ratings as predictors — overall, only for high and only for low CVPA.

Overall High CVPA Low CVPA
Predictors
Valence Arousal Valence Arousal Valence Arousal
Perceived usability A4 wx* -19* .32 ** -.15 54 #x* -.23
Perceived aesthetics .20 ** 12 .32 ** .21 .08 .02
R2 27 % 3% 25 % 2% 30 % 3%

*p < .05; * p < .01; ** p < .001

For the interrelations between overall judgments and the user experience components only
slight differences are found for the high and low CVPA groups (Table 7.10). For the partici-
pant with high CVPA scores, the influence of perceived visual aesthetics on overall judg-
ments is slightly higher than for participants with low CVPA. The impact of the valence of
participants’ subjective feelings is higher for the latter group of participants.

Table 7.10: Regression analysis of overall judgments using usability and visual aesthetics
ratings as well as subjective feelings as predictors — overall, only for high and only for low

CVPA.
Predictors Overall High CVPA Low CVPA
Perceived usability 55 *xx 53 *xx 55 *xx
Perceived aesthetics A7 x 21 A5 *
Subijective feelings - valence 23 *xx .16 .30 **
Subijective feelings - arousal .03 .01 .03
R? 57 % 50 % 64 %

*p < .05; * p < .01; ** p < .001
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7.3 Discussion

In Study 3, system properties, user characteristics, and contextual parameters are varied to
investigate their influence on quality perceptions, emotional user reactions, and overall judg-
ments.

7.3.1 Instrumental and non-instrumental quality perceptions

As hypothesized system properties independently influence instrumental and non-
instrumental quality perceptions (H1a). Both usability and visual aesthetics manipulations
affect subjective perceptions in the predicted directions. As in Study 2 and in contrast to other
studies (Tractinsky et al., 2000; Ben-Bassat et al., 2006), no influence of the visual aesthetics
variation on perceived usability is found. Two possible explanations have already been dis-
cussed in Section 6.4.1. First, the variation of usability and visual aesthetics in Study 2 and 3
is based on the criterion that variations either influence instrumental or non-instrumental qual-
ity perceptions. Second, a detailed measurement of perceived usability in these studies pro-
duces more detailed data that may be less influenceable by other experience dimensions.

No effect of the factor MmoDE is found on quality perceptions (H3a) as expected based on the
findings of Hassenzahl et al. (2002) as well as Hassenzahl and Ullrich (2007). However, the
analysis reveals differences of the perceived visual aesthetics ratings depending on partici-
pants’ cultural background (H2a). German participants give lower aesthetics ratings than Ca-
nadian participants. This result supports earlier assumptions on cross-cultural differences re-
garding users’ perceptions of interface aesthetics (Tractinsky, 1997).

7.3.2 Influences on emotional user reactions

Subjective feelings differ depending on the variation of system properties that influence the
perception of instrumental and non-instrumental qualities (H1b). However, the analyses dem-
onstrate that it is especially necessary to assess baseline values for subjective feelings when
data are gathered in different cultural contexts. While the analysis of the absolute subjective
feelings ratings reveals an influence of the factor culture, the data that normalized partici-
pants’ subjective feelings during the interaction with their subjective feelings ratings at the
beginning of the experiment do not show an influence of culture. Canadian participants report
more positive subjective feelings than German users when the absolute values are examined
(Matsumoto, 1993). A comparison with the baseline assessment makes it possible to relate
these differences to cultural differences.

Surprisingly, in comparison to Study 2 the arousal dimension of participants’ subjective feel-
ings is not significantly influenced by variations of system properties, neither by usability or
visual aesthetics. However, already in Study 2 the effect of variations of system properties on
arousal is smaller than the effect on valence.
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Furthermore, the improvement of the differences between the low and high visual aesthetic
condition in comparison to Study 2, shows no higher effect of the variation on subjective feel-
ings. Nonetheless, the analysis of the correlations between perceived usability and visual aes-
thetics with participants’ subjective feelings shows a higher correlation of visual aesthetics
and valence than in Studies 1 and 2. Although the differences between the two visual aesthet-
ics conditions have been improved and the quality ratings support the assumption that differ-
ences in perceived usability and visual aesthetics are more of similar amount in this study
than in Study 2 (Tables 6.3 and 7.3), the influence of instrumental qualities on emotional user
reactions is still higher in comparison to the effect of non-instrumental qualities.

This assumption is also supported by the results on cognitive appraisals. The effect of the
usability variation on intrinsic pleasantness and novelty is highly significant. A smaller effect
is found for visual aesthetics on intrinsic pleasantness. The regression analyses of the cogni-
tive appraisal dimensions predicted by perceived usability and visual aesthetics support the
more important role of instrumental qualities (Table 7.7).

The other three cognitive appraisal dimensions — goal relevance, coping potential, and
norm/self compatibility — do not differ depending on the system properties condition, but are
affected by contextual parameters and user characteristics. The usage situation has an influ-
ence on the goal relevance of the participants’ experience. Participants in the exploration con-
dition rate the goal conduciveness higher than subjects in the task mode. This might be be-
cause participants think that the exploration would help them better to assess the interactive
systems.

The most interesting differences with respect to the usage situation as an example of contex-
tual parameters are found in the analyses of the interrelations of the user experience compo-
nents (H3b). The variation of usage mode reveals differences in the connections between
quality perceptions and participants’ subjective feelings. These differences are clearest for the
subjective feelings dimension of valence. While there is a high correlation between the va-
lence of users’ subjective feelings and the perceived usability of a system and no correlation
with the perceived visual aesthetics when participants focus on given tasks, moderate correla-
tions between valence and both perceived usability and aesthetics are found when participants
explore the system without given tasks. Differences are also apparent for arousal. In the goal-
mode, arousal is not correlated with perceived usability and visual aesthetics at all, while a
small amount of arousal’s variance is explained by both quality perceptions in the exploration
condition.

As already mentioned, absolute subjective feelings ratings differ depending on participants’
cultural background (H2a). Also the interrelations between quality perceptions and subjective
feelings vary depending on the cultural background (Table 7.6). The perception of visual aes-
thetics is more relevant for the subjective feelings experienced by German participants. Fur-
thermore, cognitive appraisals are influenced by the factor culture. German participants ex-
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perienced the interaction with the systems overall as more novel and as less compatible with
their selves and norms than Canadian subjects. These differences have to be taken into ac-
count when products are evaluated in several countries.

Differences of user experience component interrelations are also found with respect to par-
ticipants’ centrality of visual product aesthetics (CVPA, H2b). This variable is considered as
an additional user characteristic. While the impact of perceived usability and visual aesthetics
on the valence of subjective feelings of participants with a high CVPA score is equal, the sub-
jective feelings of the participants with a low CVPA score are only influenced by perceived
usability.

7.3.3 Influences on overall judgments

Overall judgments are significantly affected by both variations of system properties — usabil-
ity and aesthetics. The variation of visual aesthetics has a higher effect on overall judgments
than in Studies 1 and 2. Interestingly, overall judgments differ between exploration and task
condition. In general, players receive lower overall judgments in the exploration condition.
This can be explained by the fact that participants in the exploration condition are able to test
all aspects of the system while subjects in the other condition focus on the given tasks that are
all solvable with the system. Some qualitative statements by the participants suggest that
while participants in the task condition only focus on tasks that are accomplishable, users in
the action-mode miss some functions, like a calendar or better sound settings, what may lead
to a general lower valuation of the system usefulness.

Differences of the influence of user experience components on overall judgments are found
depending on the usage mode (Table 7.8). Perceived usability is the most important predictor
of overall judgments in the task condition. Perceived visual aesthetics contribute only slightly
to the explanation of overall judgments’ variance. In the exploration condition, perceived vis-
ual aesthetics and also the valence and arousal dimensions of participants’ subjective feelings
have a much higher impact on overall judgments. These results have most of all practical im-
plications for system evaluation. Depending on the usage situation in a test scenario, overall
judgments as well as emotional user reactions can be significantly different. Regarding the
results from Studies 1 and 2, it has to be taken into account that in these studies all partici-
pants accomplished given tasks.

7.4 Chapter Summary

Like in the previous studies, variations of system properties that have an influence on the ex-
perience of usability and visual aesthetics are incorporated and results replicated. Addition-
ally, Study 3 demonstrates the relevance of user characteristics and contextual parameters for
user experience of interaction. The influence of cultural background and centrality of visual
product aesthetics is demonstrated. Cultural background leads to a difference in subjective
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feelings ratings. Centrality of visual product aesthetics has an influence on the interrelations
of user experience components, e.g. the influence of perceived visual aesthetics on subjective
feelings and overall judgments is higher for participants with a high centrality of visual prod-
uct aesthetics. Furthermore, the usage situation as an example of context variation shows ad-
ditional impact. The influence of perceived usability on subjective feelings and overall judg-
ments is higher when participants have to accomplish given tasks. The results demonstrate
that it is important to take the interactive system properties and also characteristics of the user
and the usage situation into account when analyzing, designing, and evaluating interactive
systems. Cognitive appraisals are measured as another aspect of emotional user reactions. The
results show that differences in system properties in particular have an influence on the per-
ceived pleasantness and novelty of the usage situation.

To recapitulate, a theoretical framework for the study of user experiences of interactive sys-
tems that goes beyond classical approaches has been proposed in Chapter 3. Methods to
measure instrumental and non-instrumental qualities as well as emotional user reactions have
been discussed in Chapter 4. Chapters 5 to 7 have described three empirical studies that used
selected methods to test the theoretical model. In Chapter 8, the results of the three studies are
related to the assumptions made in the user experience framework and in Chapter 9, conse-
quences of the theoretical, methodological, and empirical results are discussed for the devel-
opment of interactive systems.
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8 Framework reconsidered

Studies 1, 2 and 3 focus on the empirical investigation of selected assumptions proposed in
the user experience framework presented in Chapter 3 using the methods to assess the three
central components of user experience discussed in Chapter 4. The studies and their key find-
ings are summarized in Table 8.1 (pp. 122). In the following, the main results of the three
studies are discussed and related to the research framework.

The empirical research questions, which are deduced based on the research framework in Sec-
tion 3.8, can be divided into two categories. Figure 8.1 (p. 124) gives an overview of the re-
search questions addressed in the three studies. The first group of research questions includes
assumptions about the role of influencing factors. Three categories of influencing factors are
proposed in the framework: system properties, user characteristics, and context parameters.
All three empirical studies deliver results regarding the influence of system properties on user
experience. Additionally, Study 3 investigates the role of user characteristics and context pa-
rameters. The results regarding the role of influencing factors of user experience are summa-
rized in Section 8.1.

The second group of research questions concerns interrelations of the user experience compo-
nents and their influence on consequences of user experience. Empirical results regarding
these research questions are discussed in Section 8.2. A first assumption of the framework
that has been addressed in the empirical studies is that instrumental and non-instrumental
quality perceptions do not influence each other and are therefore perceived independently
(Section 8.2.1). Furthermore, emotional user reactions are assumed to be influenced by in-
strumental and non-instrumental quality perceptions (Section 8.2.2). At last, the framework
proposes that consequences of user experience are based on instrumental and non-
instrumental quality perceptions as well as on emotional user reactions (Section 8.2.3).

In summary, the results of the three studies do not provide any reasons to extend or modify
the overall framework. However, some theoretical questions remain open since they have not
been addressed in the empirical studies. Examples are discussed in Section 8.3.
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Table 8.1: Overview on studies and key findings.

Study 1

Study 2

Study 3

Chapter 5

Chapter 6

Chapter 7

Influencing factors

System properties (various)

System properties (regarding usability

and visual aesthetics)

System properties (regarding usability and
visual aesthetics)
User characteristics (cultural background
and centrality of aesthetics)
Context parameters (usage mode)

Instrumental quality
perceptions

Non-instrumental quality
perceptions

Emotional user reactions

Perceived usefulness
Perceived ease of use

Perceived visual aesthetics
Perceived haptic quality
Perceived symbolic quality

Subjective feelings

Perceived usability

Perceived visual aesthetics

Subjective feelings
Physiological reactions
Motor expressions

Perceived usability

Perceived visual aesthetics

Subjective feelings
Cognitive appraisals

Consequences of
user experience

Overall judgments
Choice between alternatives

Overall judgments
Choice between alternatives

Overall judgments

Table continued on the next page



Study 1

Study 2

Study 3

Key findings - Components and consequences - System properties independently in- - System properties independently influ-
of user experience are influ- fluence instrumental and non- ence instrumental and non-instrumental
enced by variations in system instrumental quality perceptions quality perceptions as in Study 2
properties - System properties influence not - System properties impact cognitive ap-

- Subjective feelings are mainly only subjective feelings, but also praisals
based on the perception of in- other aspects of emotional user re- - Perceived usability AND perceived
strumental qualities actions, i.e. physiological reactions visual aesthetics influence subjective
- Overall judgments are influ- and motor expressions feelings
enced by both instrumental and - Perceived usability has a main in- - Instrumental AND non-instrumental
non-instrumental quality per- fluence in predicting subjective feel- quality perceptions as well as the va-
ceptions ings lence of subjective feelings impact
- Variations of system properties re- overall judgments
garding usability and aesthetics - Cultural background and centrality of
have an effect on overall judgments visual product aesthetics influence the
- Instrumental quality perceptions and interrelations of the user experience
valence of subjective feelings de- components
termine overall judgments - Usage mode influences the interrela-
tions of the user experience compo-
nents
- Better overall judgments in goal-mode
Publication Mahlke (20062) Mahlke and Thiiring (2007) Mahlke and Lindgaard (2007)

Mahlke (2006b)
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Figure 8.1: User experience research framework and empirical research foci.

8.1 Impact of influencing factors

System properties, user characteristics, and context parameters are defined as categories of
factors that influence the human-technology interaction and thereby determine the user’s ex-
perience. The influence of system properties is investigated in all three studies. While in
Study 1 a whole range of system properties regarding presentation, dialogue, and appearance
vary between the used systems, Studies 2 and 3 focus on the systematic variation of selected
presentation and appearance properties that are assumed to relate to instrumental and non-
instrumental quality perceptions, respectively.
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The results of Study 1 demonstrate that variations in system properties lead to differences in
objective measures of the interaction (number of accomplished tasks and time on task) as well
as differences in user experience (instrumental and non-instrumental quality perceptions as
well as emotional user reactions) and consequences of the experience (overall judgments and
alternative choice). Studies 2 and 3 reveal that not all system properties impact performance
measures. While the variation of presentation properties results in objective differences of the
interaction, variations regarding appearance factors do not have any impact. However, varia-
tions of both property groups lead to differences in quality perceptions, emotional user reac-
tions, and consequences of user experience. Nonetheless, instrumental and non-instrumental
quality perceptions are determined by different properties. While selected presentation prop-
erties influence the perception of instrumental qualities, appearance properties have an impact
on non-instrumental quality perceptions. The studies verify the assumption that system prop-
erties have a considerable impact on user experience as assumed by Crilly et al. (2004) or
Creusen and Schoormans (2005) and deliver results regarding the influence of selected pres-
entation and appearance factors.

The influence of user characteristics and context parameters is investigated in Study 3. Over-
all, they have no direct impact on the interaction and influence only some aspects of user ex-
perience. Performance measures are not influenced by differences in the user characteristics
that have been studied, i.e. cultural background and centrality of visual product aesthetics,
although this has been assumed from previous studies (Plocher et al., 1999). However, cul-
tural background has an influence on the perception of visual aesthetics and users’ subjective
feelings. Other user characteristics might have a higher direct influence on the interaction and
the experience of interaction. However, cultural background and centrality of visual product
aesthetics have an impact on the interrelations of the user experience components and their
individual influence on the consequences of user experience. The role of user characteristics
for the interrelation of these variables is discussed in Section 8.2.2 and 8.2.3.

The variation of usage mode that is incorporated in Study 3 directly influences overall judg-
ments. Furthermore, differences in context parameters have an impact on the interrelations of
the user experience components and their individual influence on the consequences of user
experience. The results of Hassenzahl et al. (2002) regarding the influence of context parame-
ters on the relation of quality perceptions and overall judgments have been replicated and new
assumptions are made regarding emotional user reactions, which are also discussed in Section
8.2.2and 8.2.3.

Concluding, the studies verify the assumption that all three categories of influencing factors
have an effect on user experience (Forlizzi & Ford, 2000; Hassenzahl & Tractinsky, 2006).
While system properties have an explicit impact, user characteristics and context parameters
particularly influence the interrelations of user experience components and their effect on
consequences of user experience.
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8.2 Interrelations of user experience components

Three main assumptions are made in the research framework about interrelations of the user
experience components and their relationship to consequences of user experience. First, no
direct link between instrumental and non-instrumental quality perceptions is drawn (Section
8.2.1). Second, emotional user reactions are assumed to be influenced by instrumental and
non-instrumental quality perceptions (Section 8.2.2). Third, it is proposed that consequences
of user experience are based on instrumental and non-instrumental quality perceptions as well
as emotional user reactions (Section 8.2.3).

8.2.1 Independence of instrumental and non-instrumental quality per-
ceptions

No direct link between instrumental and non-instrumental quality perceptions is made in the
research framework, although previous empirical studies have shown an influence of visual
aesthetics on perceptions of usability (Tractinsky et al., 2000). However, Hassenzahl (2007)
explains these findings as a result of attribute overlap. He argues that it is possible that al-
ready the system attributes that have been varied to influence visual aesthetics are also related
to usability. Furthermore, in other studies these interrelations have not been replicated (Lind-
gaard & Dudek, 2003).

The findings of Studies 2 and 3 demonstrate that it is possible to manipulate groups of system
properties, which either influence instrumental or non-instrumental quality perceptions. In
this case, properties that are associated with information presentation have an impact on the
perception of usability and system properties related to product appearance determine users’
perceived visual aesthetics. In this way, it is possible to resolve the problem of attribute over-
lap and to demonstrate that instrumental and non-instrumental quality perceptions occur inde-
pendently. Therefore, the suggestion by Tractinsky et al. (2000) who claim what is beautiful
is usable has to be reconsidered. Additionally, future studies should incorporate other quali-
ties like perceived utility as well as symbolic and motivational aspects to further clarify rela-
tions of instrumental and non-instrumental qualities.

8.2.2 Influence of quality perceptions on emotional user reactions

In the user experience framework, it is assumed that emotional user reactions are influenced
by instrumental and non-instrumental quality perceptions. The results of the three studies
demonstrate that emotional user reactions can be predicted to a high proportion by instrumen-
tal and non-instrumental quality perceptions. In all three experiments, users’ quality percep-
tions explain a significant amount of subjective feelings variance. The results verify the as-
sumptions of Rafaeli and Vilnai-Yavetz, (2004) about the complementary influence of quality
perceptions on emotional user reactions.
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While in Studies 1 and 2 only perceived instrumental qualities have a significant influence on
subjective feelings, both instrumental and non-instrumental quality perceptions play a signifi-
cant role in Study 3. The influence of the variation of context parameters and user characteris-
tics on the interrelations of the studied components helps to explain these results. While in
Studies 1 and 2 all participants use the systems in the same context (accomplishment of
tasks), a variation of the context (tasks vs. exploration) is applied in Study 3. For the task-
group in Study 3, the same pattern is found as in the previous studies: subjective feelings are
predicted only by perceived instrumental qualities. In the exploration condition however, us-
ers’ subjective feelings are determined by both instrumental and non-instrumental quality
perceptions. This finding expands the assumptions by Hassenzahl et al. (2002) about the role
of contextual factors for the relation of quality perceptions and overall judgments to the influ-
ence of quality perceptions on emotional user reactions.

Further results show that subjective feelings of users with a high centrality of visual product
aesthetics (CVPA) are influenced by both instrumental and non-instrumental quality percep-
tions, while for users with a low CVPA score only perceived instrumental qualities play a
role. This demonstrates the moderating role of user characteristics on the interrelations of the
user experience components as assumed by Bloch et al. (2003).

8.2.3 Influence of quality perceptions and emotional user reactions
on consequences of user experience

The framework proposes that consequences of the user experience are influenced by instru-
mental and non-instrumental quality perceptions as well as emotional user reactions. Results
regarding these relations differ between the three studies. While in Study 1 instrumental and
non-instrumental quality perceptions predict overall judgments, in Study 2 perceived instru-
mental qualities and the valence of participants’ subjective feelings play a significant role.
Thus, non-instrumental quality perceptions show a relevant influence in Study 1, but not in
Study 2. However, in Study 1 perceived haptic and symbolic quality are the relevant non-
instrumental qualities for the prediction of overall judgments. Perceived visual aesthetics that
is the focus of Study 2 does not show a significant impact on overall judgments in Study 1.
The difference between the used systems regarding visual aesthetics may be rather small in
the first two studies. This explanation is supported by the results of Study 3. Here, the varia-
tion of visual aesthetics is enhanced, and perceived visual aesthetics shows an influence on
overall judgments. Accordingly, the results of Study 3 show an influence of all three user ex-
perience components. These results demonstrate the relevance of other aspects next to instru-
mental qualities (Davis, 1989) and show that emotional user reactions and overall judgments
are not independent consequences of quality perceptions as assumed for example by Hassen-
zahl (2003).
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In Study 3, the variation of context parameters also shows a moderating role of the relevance
of user experience components for the prediction of overall judgments as proposed by Has-
senzahl et al. (2002). Perceived usability is the most important predictor of overall judgments
in the task condition. Perceived visual aesthetics contributes only slightly to an explanation of
overall judgments’ variance. In contrast, in the exploration condition, perceived visual aes-
thetics and also the valence and arousal dimensions of participants’ subjective feelings have a
much higher impact. This finding demonstrates the moderating impact of contextual parame-
ters on the relevance of the three user experience components for consequences of user ex-
perience.

8.3 Conclusions

The discussion of the results of the three studies shows that most of the assumptions made in
the theoretical framework are supported by empirical data. The role of influencing factors on
user experience and the interrelations between user experience components as well as their
influence on consequences of user experience are revealed in the experiments as expected. All
of the marked relations in Figure 8.1 are supported by the empirical results. Therefore, it can
be argued that no extension or modification of the overall framework is necessary.

Nonetheless, a few questions remain open. For example, no direct link between the interac-
tion and emotional user reactions has been drawn in the framework as for example assumed
by Norman (2004) in his discussion of a visceral level of information processing. The reasons
of this decision have already been discussed in Section 3.7. However, the design of the three
experiments does not make it possible to answer the question if this direct link really does not
exist. Additionally, the results show that variations of influencing factors effect emotional
user reactions. Yet, it is not possible to answer the question if these influences are totally
moderated by quality perceptions as assumed in the framework.

Furthermore, it is likely that the experience process is much more dynamic and changes over
time than indicated in the framework. Emotional user reactions may be seen as an intermittent
factor between the perception of instrumental and non-instrumental qualities. This relation
could explain an indirect mutual influence of both types of perceptions on each other. The
perception of a positive non-instrumental quality may cause a pleasant emotional episode,
which in turn may influence the perception of instrumental qualities. Also, overall judgments
may feedback on components of user experience. Further empirical research has to address
these open questions to better understand the user experience of interaction.

8.4 Chapter summary

The results of the three studies support most of the assumptions made in the research frame-
work. Therefore, it is argued that no extension or modification of the overall framework is
necessary. All three categories of influencing factors have a significant influence on user ex-
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perience. While system properties affect instrumental and non-instrumental quality percep-
tions, user characteristics and context parameters show a particular influence on the interrela-
tions of the user experience components and their impact on consequences of user experience.
With respect to interrelations of the studied components, the results support the assumptions
that instrumental and non-instrumental qualities are perceived independently, emotional user
reactions are determined by instrumental and non-instrumental quality perceptions, and con-
sequences of user experience are influenced by all three components of user experience.
Some assumptions made in the research framework have not been tested in the empirical stud-
ies, e.g. the absence of a direct influence of the interaction on emotional user reactions. Future
studies need to address these issues.
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9 Application

In this chapter, the question is discussed of how the theoretical framework, the proposed
methods, and the results of the three studies can be applied in the development process of
interactive systems. Therefore, existing development process models are reviewed. As a vari-
ety of approaches exist for specific purposes, only a selection that is applied in interactive
system design projects is presented (Section 9.1). Based on similarities of the process models,
recommendations are formulated. The suggestions address three categories of activities that
are found in all approaches: analysis, design generation, and evaluation (Section 9.2).

9.1 Product development processes

Design tasks are of central importance to companies. Design determines the properties of
every product, system, or service. A variety of recommendations propose a process to struc-
ture various design tasks. They range from very general to more specific process models. In
the following sections, three approaches are described that are applied in interactive system
design projects. First, the engineering design process proposed by Pahl, Beitz, Feldhusen and
Grote (2007) is a general system product development process that is applicable to a variety
of domains and is also used to design interactive systems. Second, user-centered design (ISO
13407) and third, usability engineering processes (e.g. Mayhew, 1999) focus exclusively on
interactive system design and explicitly take the user of the interactive product into considera-
tion. Similarities and differences of the process models are discussed and used as a basis for
recommendations to apply the user experience approach during the development process of
interactive systems.

9.1.1 Engineering design

Pahl et al. (2007) describe a systematic approach to product development that is applicable to
the design of a whole range of technical products and systems. It is described as a problem-
directed approach that is applicable to every type of design activity, no matter which special-
ist field it involves, and that fosters inventiveness and facilitates the search for optimum solu-
tions. The process described in Pahl et al. (2007) has similarities with other approaches to
systematic development processes like VDI 2221 (DI, 1993).
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The general process model proposed in Pahl et al. (2007) differentiates four major phases in
the product development process: task clarification, conceptual design, embodiment design,
and detailed design (Figure 9.1). The aim of the task clarification and planning phase is the
specification of information that is the basis for the design activities, while the three design
phases focus on the specification of a principle solution (concept), the specification of the
layout (embodiment), and the specification of the production (detailed).
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Figure 9.1: Engineering design process (Pahl et al., 2007, p.68).

Next to the process from the start of the design project to a detailed design solution at the end
of the project, a general problem solving process is described that has to be applied in almost
all process stages. Analysis/clarification, solution finding, and evaluation/selection are essen-
tial task categories in each of the phases. Analysis and clarification tasks include the initial
confrontation of the problem, a definition of the essential problems on an abstract level as
well as information gathering about the task, the constraints, and known solutions for similar
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problems. During solution finding activities, design ideas are generated, varied, and combined
using methodological guidelines. If different solutions are found, an evaluation helps to select
the best variant through a decision. Similar activities are proposed in user-centered design
processes.

9.1.2 User-centered design

User-centered design (UCD) is a design approach that grounds the development process on
information about the people who will use the product. UCD processes focus on users during
the planning, design, and development of a product. ISO 13407 is an international standard
that is the basis for many UCD methodologies (ISO, 1999). This standard defines a general
process for including user-centered activities throughout a development life cycle, but does
not specify exact methods.

Identify nead far
usar-centenad design

Spacify context of use

Systemn satisfies
specified
reguirements

Evaluate designs Specify requirements

Produce design solutions

Figure 9.2: User-centered design process (ISO 13407, p. 6).

In this model, once the need to use a human centered design process has been identified, four
activities form the main cycle of work (Figure 9.2):

e Specify the context of use: identify the people who will use the product, what they
will use it for, and under what conditions they will use it.

e Specify requirements: identify any business requirements or user goals that must be
met for the product to be successful.

e Create design solutions: this part of the process is accomplished in stages, building
from a rough concept to a complete design.

e Evaluate designs: evaluation - ideally through testing with actual users - is an integral
part of the process.
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Most user-centered design methodologies that are based on ISO 13407 are more detailed in
suggesting specific activities and the time within a process when they should be completed. A
process recommended by the Usability Professionals Association (UPA, 2007) is divided into
four phases: analysis, design, implementation, and deployment. Starting from the beginning
with defining users and their requirements to the conclusion with usability testing, a complete
user-centered design process is laid out based on the activities described in 1ISO 13407.

9.1.3 Usability engineering

In comparison to UCD processes, usability engineering (UE) models explicitly focus on us-
ability as main design goal and consider the integration of a usability assuring process in the
technical development activities. Mayhew (1999) describes a comprehensive usability life
cycle that is displayed in Figure 9.3.

4 Requirments Analysi_s

Platform )
User Profile Task Analysis Capabilities & Ge;elral_Des,lgn
: rinciples
Constraints

E—— ‘
\—5 Usability Goals &

-~ A

DesignfTesting!Developmer{f\

Work
Reengineering
Conceptual Model Screen Design
(CM) Design Standards (SDS)
Detailed User
CM Mockups SD'S Prototyping Interface Design
(DUID)
Iterative CM Iterative SDS Iterative DUID
Evaluation Evaluation Evaluation

N

Installation
Installation »{ User Feedback | Done |
' rJ’

Figure 9.3: Usability engineering process (Mayhew, 1999, p. I1).
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Three major phases are distinguished in the process model: requirements analysis, de-
sign/testing/development, and installation (Figure 9.3). In the requirements analysis stage, a
detailed analysis of the tasks that the system supports, the context in which the system is used,
and the work-flow patterns that are involved as well as a collection of information about the
intended user population are in the focus. For software projects, also platform capabilities and
constraints have to be considered. Furthermore, specific qualitative and quantitative goals
regarding user performance and acceptance are set as an evaluation basis. The main activities
in the requirements analysis stage are analysis and clarification tasks.

In the design/testing/development stage, three levels are differentiated: conceptual model,
screen design standards, and detailed user interface design. From one level to the next level,
the design activity and the working prototype are getting more detailed. On all three levels,
design and prototype generation activities alternate with evaluation and selection tasks.

The installation stage follows the completion of the development tasks in the product life cy-
cle. However, Mayhew (1999) underlines that feedback from the actual user of the product
helps to improve future releases.

9.1.4 Conclusions

The presented development processes have a different focus. While the engineering design
model (Pahl et al., 2007) is a general approach to product development, user-centered design
and usability engineering processes specifically focus on interactive system design. Addition-
ally, usability engineering concentrates on usability as main design goal. However, the mod-
els have various similarities. Development stages or phases are similar:

- Engineering design (ED): task clarification and three design phases.

- User-centered design (UCD, applied in the UPA model): analysis and three design
phases (design, implementation, and deployment).

- Usability engineering (UE): requirements analysis and three design phases (conceptual
model, screen design standards, and detailed user interface design) plus installation.

Next to similarities in temporal stages, three main groups of activities are found in all process
models. 1SO 13407 defines these three major activities in the development process most ex-
plicitly: analyze context and requirements, produce design solutions, and evaluate designs.
While an analysis phase is explicit in all described process models, design generation, and
evaluation activities are iteratively integrated in the design phases. As these three activities
(analysis, design generation, and evaluation) are the main tasks on various levels of the de-
velopment process, recommendations for the applications of an approach to user experience
are given for each of these categories of activities in the next section.
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9.2 Implications of the user experience approach for product
development

In this section, theoretical, methodological, and empirical contributions to user experience are
summarized to be integrated into the development process of interactive systems. The rec-
ommendations are divided according to the three main task categories that are relevant during
the development process: analysis, design generation, and evaluation.

9.2.1 User experience in analysis phases

Analysis activities play an important role in the very early stages of the development process.
The user experience framework in particular can be used as a reference to gather and clarify
information that is the basis for design generation and evaluation activities. In engineering
design processes, requirements lists are the most important tool in the analysis phase. A vari-
ety of categories of system properties are recommended to be considered in these lists. How-
ever, these properties are mostly related to the usefulness and usability of the system. Al-
though, attractiveness requirements are stated as useful differentiators between competing
products, relevant categories are not discussed in detail. Here, non-instrumental qualities like
aesthetic, symbolic, and also motivational aspects should be included and design goals re-
garding these qualities should be set early in the development process. The proposed sub-
dimensions help to identify system properties that support a design for high non-instrumental
quality. Furthermore, a comparison of competing products offers an opportunity to find ideas
to design for improved non-instrumental qualities. This becomes particularly important when
no differentiation regarding the functionality of the product is possible and other qualities
have to be used as unique selling points.

Context parameters are one influencing factor in the user experience research framework. The
user-centered design process explicitly incorporates a specification of the context of use. As
the empirical studies demonstrated, context parameters have an influence on the experience of
the interaction. Therefore, detailed information about the context help to better understand the
usage situation, to keep it in mind during the design phases, and to consider context parame-
ters when prototypes and mock-ups are evaluated. However, the information that is typically
assessed in a context analysis as basis for a design for usability has to be expanded. When the
whole user experience is taken into account, information about further contextual issues has
to be provided, e.g. usage of the system in social context, mandatory or voluntary use, etc.

Mayhew’s (1999) usability engineering process explicitly integrates a user analysis and pro-
filing during the analysis phase. Study 3 showed the relevance of user characteristics for the
experience of interaction. When taking non-instrumental qualities into account in addition to
usefulness and usability, further user characteristics have to be considered, e.g. centrality of
visual product aesthetics, preferred interaction styles, etc.
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9.2.2 User experience in design generation phases

The results of the analysis phase are the informational basis for the design generation activi-
ties. If the user experience framework has been used during the analysis to formulate re-
quirements and design goals, the consideration of user experience is assured in the design
phase. In addition, the use of the framework during the design phase to anticipate user reac-
tions to design ideas and concepts can also help the designer to estimate the quality of user
experience in early stages of the design process. The designer is supported by a model of the
user that describes the holistic experience with a product incorporating instrumental and non-
instrumental quality perceptions, emotional user reactions as well as their interrelations.

Especially aesthetic, symbolic, and motivational qualities and their detailed description can
offer the designer ideas and guidelines to design for the whole user experience and to consider
more than just functionality and usability. However, more research is necessary to find design
principles and patterns that help to design for non-instrumental qualities. Visual aesthetics
have been focused as one example of non-instrumental qualities in the empirical studies.
Plenty of contributions in the literature and experiences from practice exist on the design for
visual aesthetics. Other qualities, like acoustic or haptic quality and in particular symbolic and
motivational aspects lack this broad collection of knowledge.

The empirical studies have delivered some results regarding the importance of the various
instrumental and non-instrumental quality perceptions for users’ overall judgments and deci-
sions between alternatives. Although these results are domain- and product-specific, further
studies can deliver data that help to make better decisions in prioritizing design activities re-
lated to different quality aspects.

Next to the prioritization of design goals based on empirical results regarding the relevance of
specific qualities, the design activities relating to specific qualities can be associated with
different stages of the design phase. While today decisions about the realization of the func-
tionality of a product are made early in the design process (conceptual design), ergonomic and
especially aesthetics aspects are mostly addressed in later phases (detailed design). This ap-
proach can be helpful when the main focus of the product development is on new functional-
ity. However, if ergonomic or aesthetic aspects are on the top of the requirements list, they
have to be integrated earlier in the design process. Additionally, symbolic and motivational
qualities are not aspects that can be added late in the process, although this may be more com-
plicated as they are interconnected in a more complex way with other quality perceptions.

9.2.3 User experience in evaluation phases

Engineering design, user-centered design, and usability engineering processes propose to
evaluate outcomes of design activities as often as possible and at different stages during the
development process. User-centered design and usability engineering focus on evaluations
with users. Certainly, user tests are the best way to evaluate user experience. In Chapter 4, a
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variety of methods is discussed to measure instrumental and non-instrumental qualities as
well as emotional user reactions. These methods can be used one-to-one in user studies during
the development process.

The user experience framework is the basis to select the relevant methods in a specific evalua-
tion situation. Studies 1 to 3 demonstrate how the methods can be combined and applied to
evaluate user experience. While in Study 1 finished products are assessed, in Studies 2 and 3
simulations are used that are similar to product prototypes. This demonstrates that the pro-
posed methods can already be used in early phases of the product development process to
evaluate user experience with prototypical realizations of the product. Questionnaires are eas-
ily applicable in very early stage of the development process and can also be used with mock-
ups that offer less interactivity. As physiological measures are more costly, there application
may be more appropriate in later evaluations.

The idea of the user experience approach is to consider all aspects of the interaction with a
product that are important from the user’s perspective. In contrast, when focusing for example
on usability in a user test during the development process only specific aspects of the product
are relevant. To consider the whole user experience in evaluations during early stages, a test
situation has to be created, which is similar to the interaction with the finished product. This
is a challenge if only first mock-ups of the product or even design ideas are available. None-
theless, when focusing on user experience it is essential to create a situation that allows the
user to experience all aspect of the interaction that will be relevant when using the finished
product.

Some of the qualities of the product can be evaluated separately. As already mentioned, us-
ability aspects can be the focus and also functionality as well as aesthetics — as for example
demonstrated in the pre-test of Study 2 — can be addressed in separated studies. However,
symbolic and motivational qualities as well as emotional user reactions are hard to separate
from user experience as a whole.

Results of user tests provide a product-specific relevance schema regarding the various com-
ponents of user experience. This can be helpful for future projects when prioritizing design
goals and planning design activities.

Heuristic evaluations are another possibility next to user tests to assess design ideas. Espe-
cially in the area of usability, a variety of approaches are proposed that allow experts to
evaluate prototypes using lists of heuristics. These approaches are very helpful if it is not pos-
sible to conduct a user test either because of financial or temporal limitations. The user ex-
perience framework can be used as a basis for expert evaluations of user experience. A heu-
ristic approach has already been used in a pre-test to select the products for the empirical
study on non-instrumental quality measurement that has been described in Chapter 4. How-
ever, the heuristics that have been used by the experts are just a first step in this direction.
Heuristics to evaluate non-instrumental qualities have to be enhanced to offer a useful and
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promising approach to evaluate user experience early during the development process with
experts.

9.3 Chapter summary

A comparison of development processes from engineering design, user-centered design, and
usability engineering reveals similarities regarding the main categories of activities. Analysis,
design generation, and evaluation activities are differentiated. Recommendations to incorpo-
rate user experience design goals in the development process of interactive systems have to
address these three categories of activities.

In the analysis phase, the user experience framework in particular can support the set up of
requirement lists regarding system properties. Next to instrumental qualities especially non-
instrumental and emotional aspects offer a new way of thinking about additional categories of
design goals. The context and user analysis has to take into account additional variables like
social context or centrality of visual product aesthetics if the aim is to consider the whole user
experience.

The user research framework is also helpful during the design phases to anticipate user reac-
tions to design ideas and concepts and estimate the quality of user experience early in the de-
sign process. Especially aesthetic, symbolic, and motivational qualities and their detailed de-
scription offer ideas and guidelines to design for the whole user experience.

User tests are the best way to evaluate for user experience. The methods described in Chapter
4 that have been applied in the empirical studies can be used in user studies during the devel-
opment process. However, when focusing on user experience it is essential to create a test
situation that allows the user to experience all aspect of the interaction that will be relevant
for the finished product. Heuristic evaluations by experts are another possibility next to user
tests to assess the user experience of prototypes during the development process. However,
existing heuristics have to be extended.
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10 Summary

Norman and Draper (1986) describe the question of the quality of experience from the user’s
perspective as the ultimate criterion of user-centered design. Nonetheless, design of interac-
tive systems still focuses mostly on users’ effective and efficient goal accomplishment. With-
out doubt, these design goals are still important, especially for interactive systems that are
used in professional settings. However, researchers and practitioners realize that a considera-
tion of aspects beyond usability becomes more important as interactive systems are used in a
growing variety of contexts.

A variety of approaches have been proposed over the past decade to address this problem.
However, most of the existing contributions have shortcomings. They lack empirical evi-
dence, focus on specific aspects and therefore disregard important interrelations with other
relevant facets of user experience, or do not differentiate properly between various new and
relevant concepts. Especially four major issues have been addressed to overcome some of
these shortcomings. First, the approach that has been described combines empirical evidence
and comprehensiveness. Second, non-instrumental quality perceptions and emotional user
reactions are considered as separate aspects of user experience that are strongly linked to in-
strumental quality perceptions. Third, a more comprehensive analysis of influencing factors
of user experience offers a basis for experimental research and facilitates empirical studies to
test various theoretical assumptions. Finally, this approach to user experience in human-
technology interaction addresses four building blocks and therefore covers issues ranging
from theory to application: theoretical considerations (Chapter 2, 3 and 8), methodological
contributions (Chapter 4), empirical results (Chapter 5, 6 and 7), and recommendations for
their application (Chapter 9).

In this chapter, the substantive theoretical, methodological, and empirical as well as the appli-
cation-oriented contributions are summarized in Section 10.1 by reconsidering the research
goals formulated at the beginning. An outline of future work is given in Section 10.2.
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10.1 Research goals revisited

Incorporating user experience goals in the development process of interactive systems poses
several challenges. In Chapter 1 this problem space has been introduced and structured and
four research goals to define the scope and guide the research approach have been formulated.
Below, these research goals are revisited and the contributions related to each research goal
are presented.

Research Goal 1
Creating a framework to describe user experience of interaction

The framework presented in Chapter 3 accommodates existing research and identifies the key
components that determine user experience. It is of high relevance to researchers as it sup-
ports the planning of studies, the formation of appropriate generalization from results, and
provides well-founded approaches to measuring user experience. It is also beneficial to practi-
tioners as it can be used to structure the design space in search for solutions and may guide
the evaluation of user experience.

In the user experience framework, system properties, user characteristics, and context pa-
rameters are discussed as categories of influencing factors. Three main components of user
experience are defined: instrumental and non-instrumental quality perceptions as well as emo-
tional user reactions. Perceived usefulness and usability are introduced as aspects of instru-
mental quality. A hierarchical approach to non-instrumental quality perceptions defines three
categories: aesthetics, symbolic, and motivational aspects. Sub-dimensions of these categories
are defined that can be used to measure non-instrumental quality perceptions. Furthermore, a
multi-component approach to emotions is introduced that defines five aspects of emotions
defined by Scherer (1984): subjective feelings, physiological reactions, motor expressions,
cognitive appraisals and behavioral tendencies. Additionally, Russell’s (1980) dimensional
approach to describe emotional qualities of subjective feelings and a model to further define
cognitive appraisals by Scherer (2001) are proposed. Overall judgments, choices between
alternatives, and usage behavior are defined as consequences of user experience.

Additionally, interrelations between the components are defined. Influencing factors are as-
sumed to determine the interaction that is experienced by the user. Instrumental and non-
instrumental qualities are directly perceived during the interaction, while emotional user reac-
tions depend on these quality perceptions. Consequences of user experience are influenced by
instrumental and non-instrumental quality perceptions as well as emotional user reactions.
These assumptions have been verified in three empirical studies (Research Goal 3).

Research Goal 2
Developing a toolbox of methods to assess the central components of user experience

In the user experience framework, instrumental and non-instrumental quality perceptions as
well as emotional user reactions are defined as central components of user experience. Davis’
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(1989) approach to technology acceptance that integrates users’ perceived usefulness and us-
ability as instrumental quality aspects is recommended to measure instrumental qualities as
defined in the user experience framework. Kirakowski’s (1996) questionnaire to measure sub-
jective usability (SUMI) is suggested to measure perceived usability in more detail.

A toolbox for measuring non-instrumental quality perceptions is presented that is based on a
hierarchical model of non-instrumental qualities and differentiates sub-dimensions of aes-
thetic, symbolic, and motivational aspects. Existing questionnaires to measure these dimen-
sions are proposed and integrated. The results of an empirical study demonstrate that a diver-
sity of non-instrumental qualities has to be taken into account to understand the relevance of
non-instrumental qualities sufficiently.

A toolbox for measuring emotional user reactions is described that is based on a multi-
component model of emotions and defines five aspects of emotional user reactions: subjective
feelings, physiological reactions, motor expressions, cognitive appraisals, and behavioral ten-
dencies. A selection of methods to measure these five aspects of emotional user reactions is
presented. Proposed methods range from questionnaires and physiological measure (EMG,
EDA, heart rate) to video, sound, and behavioral data analysis. The results of a study applying
a selection of these methods demonstrate that the five aspects of emotional user reactions are
only slightly connected and it is recommended to incorporate different aspects of emotional
user reactions to understand emotional user reactions in detail.

Research Goal 3
Investigating influencing factors, the interrelations of the central components, and their influ-
ence on consequences of user experience

In all three studies different influencing factors of user experience are varied. The results
show that system properties have a direct influence on quality perceptions and emotional user
reactions. User characteristics (culture: Europe vs. North America; centrality of visual prod-
uct aesthetics) and context parameters (situation: task- vs. exploration) have an impact on the
interrelations of user experience components. The results of the studies show that instrumen-
tal and non-instrumental qualities can be perceived independently. Instrumental and non-
instrumental quality perceptions influence emotional user reactions. The impact of instrumen-
tal and non-instrumental quality perceptions on emotional user reactions depends on the con-
text of the interaction. The results demonstrate that overall judgments and alternative choice
mainly depend on instrumental quality perceptions, but that non-instrumental quality percep-
tions and emotional user reactions have an influence that varies depending on contextual fac-
tors and user characteristics.

In summary, the results of the three studies support most of the assumptions made in the user
experience framework. Therefore, it can be argued that no extension or modification of the
overall framework is necessary. All three categories of influencing factors have a significant
influence on user experience. User characteristics and context parameters show a particular
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influence on the interrelations of the user experience components and their impact on conse-
quences of user experience. With respect to interrelation of the studied components, the re-
sults of the three studies support the assumptions that (1) instrumental and non-instrumental
qualities are perceived independently, (2) emotional user reactions are determined by instru-
mental and non-instrumental quality perceptions, and (3) consequences of user experience are
influenced by all three components of user experience.

Research Goal 4
Compiling recommendations regarding the use of the theoretical, methodological, and em-
pirical contributions in the development process of interactive systems

Recommendations to take into account user experience are formulated for analysis, design
generation, and evaluation activities during the development process. In the analysis phase,
the user experience framework in particular can support the set up of requirement lists regard-
ing system properties. Next to instrumental qualities especially non-instrumental and emo-
tional aspects offer a new way to think about additional categories of design goals. The con-
text and user analysis has to consider additional variables like social context or centrality of
visual product aesthetics.

The user research framework can also be helpful during the design phases to anticipate user
reactions to design ideas and concepts as well as to estimate the quality of user experience
early in the design process. Especially aesthetic, symbolic, and motivational qualities and
their detailed description can offer ideas and guidelines to design for the whole user experi-
ence and to consider more than functionality and usability.

User tests are the recommended way to evaluate user experience. The toolbox of methods that
is an outcome of Research Goal 2 can be applied in user studies during the development proc-
ess. Furthermore, it is essential to create a situation that allows the user to experience all as-
pects of the interaction that will be relevant when using the finished product. Heuristic
evaluations by experts are an additional possibility to assess the experience of prototypes.
First heuristics to support experts evaluating user experience of interactive system are avail-
able, but have to be improved.

10.2 Directions for future work

The user experience framework has successfully been used to overcome shortcomings, clarify
some of the ambiguities of existing approaches, compose a toolbox of methods to assess the
user experience, and guide empirical research to test general assumptions about the interrela-
tions of user experience components. However, it still needs to be further tested and elabo-
rated. This requires testing the predicted interrelations in different application domains using
more framework variables. Suggestions for application areas in which the framework could
be used are for example in-vehicle information systems (Mahlke, 2007a) or web technologies
(Mahlke, 2005). Visual aesthetics and usability have been focused in the empirical part of this
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research. A focus on other aesthetic qualities as well as on symbolic and motivational aspects
could lead to further interesting results and is necessary to fully understand user experience.
Especially, system properties that relate to symbolic and motivational qualities are not very
well understood yet.

Another area for future work lies in the adaptation of methods for applied contexts. A first
attempt is the workshop ‘Now Let’s Do It in Practice — User Experience Evaluation Methods
in Product Development’ held as part of CHI 2008 (organized by Vaananen-Vainio-Mattila,
Roto & Hassenzahl). Especially, methods to measure aspects of emotional user reactions can
be improved in a way to be more practical. First technologies are available that for example
measure facial expressions based on video and are integrated in eye tracking systems (Zaman
and Shrimpton-Smith, 2006). Approaches to the measurement of cognitive appraisals — as
another aspect of emotional user reactions — have to be adapted to be successfully applied in
further areas of human-technology interaction.

Additionally, more work is needed to improve methods to measure non-instrumental qualities.
Lavie and Tractinsky’s (2004) approach to assess visual aesthetics is a first step, but further
research has to test certain assumptions of the measurement approach, like the relation of the
concept of expressive aesthetics and symbolic aspects (Mahlke, 2007b). First steps have been
taken to assess acoustic and haptic quality, but the fact that validated tools to measure sym-
bolic and motivational aspects are missing complicates research for a better understanding of
these concepts.

Unfortunately, these qualities are in particular promising with respect to the design for more
positive experiences. All studies — especially Study 2 — demonstrate that emotional user reac-
tions in human-technology interaction mostly range from frustration to satisfaction, but that it
is hard to create enjoyable and exciting experiences. A better understanding of the interplay
of instrumental and non-instrumental qualities is needed to learn more about designing for
more positive reactions.

One suggestion formulated in the discussion of Study 2 is that it was not possible to generate
positive and arousing emotions because the used systems were not particularly outstanding
and it might be necessary to induce quality perceptions that reach beyond users’ previous ex-
periences to produce enjoyment and excitement. This interpretation assumes that users’ pre-
vious experience plays an important role with respect to positive emotional user reactions.

Temporal aspects are very promising variables to better understand the dynamics of user ex-
perience (Hassenzahl & Tractinsky, 2006). Temporality plays a role on different levels of user
experience. Short interactive episodes that last from minutes to hours are one level. Hassen-
zahl and Sandweg (2004) used an approach to the summary assessment of experience from
decision making (Ariely & Carmon, 2003) to study users’ evaluations of usability after they
used an interactive system for about one hour. They measured usability related data repeat-
edly during the usability test, related these measurements to the overall usability assessment
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at the end, and found that the perceived usability at the end of the session had a significant
influence on the overall usability assessment. Approaches to emotional episodes (e.g. Russell
& Feldman Barrett, 1999) offer a comparable theoretical basis for dynamic studies of emo-
tional user reactions.

On a different level, research on usage periods that last from days to months could explain the
importance of various qualities of interactive systems during different usage stages. For ex-
ample, a simple and plausible hypothesis for the domain of consumer electronic products is
that during the purchase process aesthetic and symbolic aspects play an important role while
later issues regarding usability are more relevant. However, such hypotheses have to be stud-
ied empirically to gain validated knowledge that better explains user experience of interaction
on a larger time scale.

Concluding, a variety of open questions and challenging research issues remain for the con-
cept of user experience in human-technology interaction. Nonetheless, this work contributes a
framework that restructures relevant components of user experience, proposes a methodologi-
cal approach to the assessment of user experience and demonstrates the applicability of the
framework and the methods in a variety of empirical studies. Furthermore, first recommenda-
tions are formulated to use these contributions during the development process of interactive
systems.
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Appendices

This section contains five appendices. Each appendix presents additional information

regarding one of the five empirical studies reported in Chapters 4 to 7. Appendix A contains

the questionnaires and instruction sheets used in the study on non-instrumental quality

perceptions (Section 4.2.2) and Appendix B presents the materials used in the study on

emotional user reactions (Section 4.3.2). Appendix C gives a description of the used systems,
questionnaires, and detailed results of Study 1 (Chapter 5). In Appendix D, the pretest results,
the used systems, the materials, and detailed results of Study 2 (Chapter 6) can be found, and
Appendix E contains a description of the used systems, questionnaires, and detailed results of

Study 3 (Chapter 7).

Appendix A Empirical study on non-instrumental qualities

Insiruktionen

‘Wahrend der 10 minltigen Tesiphase méchte ich Sie bitten folgande
Tatgkeiten auszufihren. Es spielt keine Rolle, ob Sie die Aufgaben
gleich zum Anfang erledigen oder sich ersimal ein Bild ven dem Telefon
machen machten:

. Gerat bitte anstelien { rote Auflegtaste” etwas langer dricken !

"

. Bitte Pincode **** bitte eingaben!

w

. Bitte unter Einstellungen im Hauptmenl das Datum und die Uhrzeit
Korrekt einstellen
. Bitte unter Einstellungen'Signale oder unter Audio-Set-up den

.

Vibrationsalarm testen und auf mittlers Stérke einstellen.

w

Bitte unter Einstellungen\Signale oder unter Audio-Setup einen
Klingelton auswahlen urd enstelen sowie Lautstirke des
Klingeltons auf die mitdere Starke einstellen (wenn mdglich!).

=3

. Bite einen neuen Telefoneintrag vormehmen (U Uni,
01738334085).

Die vertleibende Zeit kdnnen Sie nutzen, um sich weiter ein Urteil Gber
das Mobilfunktelefon 2u bilden.

Wenn Sie noch Fragen haben, wenden
Sle sich bitte jatzt an die Versuchsielierin!

Urte
wan Mabilunkl

ZMM 5

Fragebogen

Die Testphase ist jetzt abgeschlossen. Bitte geben Sie jetzt aufden
folgenden Seiten hre Bewertung 2zu diesem Mobilfunktelefon ab.

Bitte umblattern!

Ulnber

IMM5
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Bewertung von verschiedenen Qualitaten und
Eigenschaften von Mobilfunktelefonen.

Ve tweriliche

Cand. Diipl-Psych. Iris Lemke; E-Mail: iris.lemke@zmms. tu-berin.de
Dipl.-Psych, Sascha Mahike: E-Mail: sascha mahlke@amms tu-berfin.de

Untersipchung 2ur Beweitng 1

Herzlich Willkommen am Zentrum fir Mensch-Maschine-Systeme.

Vielen Dank, dass Sie sich bereit erklart haben, an dieser Untersuchurg
teilzunehmen!

In dieser Untersuchung geht es um lhre Bewertung verschiedener
Qualitaten und Eigenschaften won Mobilfunktzlefonen. Im Verlauf der
Untersuchung wird Ihnen ein Testgerét présentiert, welches Sie zurerst
bequtachten sollen. Sie werden ca. 10 Minuten Zeit haben das Gerat zu
explorieren. In dieser Zeit werden Sie ausserdem gebeten, ein paar
einfache Titigkeiten mit dem Gerdt auszufihren, Sie werden genigerd
Zeit haben, um diese zu erledigen und um einen Gesamigindruck ven
dem Gerdt 2u gewinnen. Anschlielflend wearde ich Sie bitte, das Telefon
anhand eines Fragebogens zu bewerten.

Bei lhrer Bewertung interessieren uns alle Aspekte, die fir Sie bei der
Anschaffung und Mutzung eines solchen Gerétes won Bedeutung sind.
Falls Ihnen noch weitere Punkte auffallen, haben Sie ganz zum Schiuss
Nl einmal Selegenleil, dese 2u nennen,

Wenn Sie noch Fragen haben, wenden
Sie sich bitte jetzt an die Versuchsleiterin!

Bitte umblittern!

i Mot ledenes Untersuchung ur Bewenung 2
VO MODITenREe0nen . 2,
ZMMS
IMME
treffen die A 2u?
Stimma ubarhapl nicht 2u Stimmae woll 2
Das Design / die Gestaltung des Produkts ist ... s P ey e T 3 o 3 5 5 o
Sarrame Ubrheupt nischi ru Stimene voll 21 Bos Tolahn verA oG m T —
Botschaflen Gber den Bernutzes o
kreaty 0 -0F O ol 0 0 o Das Towfon 154 fandica & B o 8 @ 5 ©
el 9 O D 8 0 ¢ ¢ Dve Cherflche Finll sich gut aa o o 9 6 6 8 O
ongnall o o o a o a a
Dne Tarstan fuben sch spannend
.. angenghim o o ©o o0 o o o an ¢ o0 o o0 0 0 o
3 Das Teklon symbolisien Dings,
spanell o o ©o ©o © o 0 i 14 wichig siod. o o o 0
idar [s] [+ ] [+] [+] [e] [+] ] Es machl Spoll dos Tekedon in dar
- Hand zu hatiea o0 ¢ o o o 0 o
ST 5 o o 5 © ‘v o a5 Teiaion hat ee BganehTS G o o 0 6 0 o
fisziniennd o ©o 0o o ©o O 0 <
gas Tabeton ist n gut Iu:::l”l; o ° o o © o o
i o o 0 0o 0 o P i P
= Das Telefen passt gut 2u cner
raffiniert o o o o ©o o0 o« sympathischen Persanschket ¢ ¢ o o o0 o0 O
N Cibunrfc s Aot Todalranes i
i v oW W ow W ou u
Das Tedafon hat ein sngesshimes
Gewicht =] ] o o (=] o o
s Tasten fudien sch interessast 6 B ‘& B o & &
an
leh kann mir vorstelies,
dos Produkt 2u kaustes 8 A & g e 8 ©
E3 il unangesehim uber des |
Tasion 2u staiches. | 2 A2 = g e 8 B
Bitte umblattern! o I
e Tasten konnen endauts
entuhit werden 22 oy & e a8
Das Teiafon erzaugt eacouton |
A ticnes | s o o o [s] o o
Dier Druckpaunikte der Tasten sind
Ll ot o 6 o o0 O o o
Wenn ich das Produkt zur Varfi- y
JuNg KR, WOrte Kch o5 mAzea £ R 8 @ 8n
Das Tedelon represantien =
Sympathesche Dinge o 2 @ a o a o
Die Dberfische fuhit sich 0O b O b OB O
spaniend as
Une: Beweru 5 Untersuchursg ure &
Ynmncwuchumazia Beweang . 8 Bowerg von Mobdicateiconsn
ZMMS ZMMS
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| Shmme Uberhoupt ncht zu Strmme voll 2e

Dhars Turhofon erzevg positive o o o o o o o

Fragebogen

Assoziationan.
Dio Tarston fihlon sich gt an o 0 0 0 ©o 0 ° ICh finde das Produke ...
ribictduirision, ¢ o 0o o o 0 © Hatmos © O © © O O O Hesusicrdemd
Dwe Obedlachestruktur des
Tolefors is4 schmaicheing 6 o o o 0o 0o 0 Ausgrenzend O O O O 0 © O Enbezishend
O Gamcht des Telefons 21 gul Praktisch o o [=] o o o (] Unpraktisch
e’ o 0o 0 O ©0o 0 ©
s Tebeton erzeugh negative 5 8 0 O 6 o o ki @ o ° i o © ©° Fesseind
Assaziationen Brringt mich Trannt mich
' fissdt 4h Q s o o ] o Q
Dy Tbefon ist win o o o o o o a on ndher won Lesten
Handschmeaichiar. Widerspenstiy O [=] =} =} +] o O Handhabbar
Das Tebedon kann Degorinisses
ber e mine Fanktioraltat o 0o 0 O ©0o 0 © Phantasigios O o o o o o [s] Kreativ
hiraes ertdlon - -
Dias Telelon stent fiir sebenswarte 2 8 W E B B B Isofiarend a o] o o] o o o Verbindend
Dnge.
Vi bar O o o o o O Unberechenbar
Dis Oterfiache fu sich e bkidsioriiad = k
L.t Originall o o o o o o O Kemvensonsll
Das Tololon vermitlet Wrls, de -
" o 0 0 O 0o 0 © Nicht z
mir wichtig sind vorzeigoar [a] s} [a] [a] [u] o [a] VQHIIIPH )
Verwirmend Q =] =] o ] (o] o Ubersicatiich
Neuartig [+] o o o] +] ] ©  HerkGmmlich
Mindervertg O o o o 4] s] 2] Wertvoll
Bitte umblittern! Umstaindlich (o] o] o o o o] o Dirext
Innavativ o] o o o o o (o] Konservativ
Shilvell ] -] & -3 ) & L) Etlilon
Menschlich o] o o o o o o Technsch
Mutig o] o s} o o] o o] Varsichtig
Fachménnisch O ] o e] ¢} (<] o Laiennaft
Einfach ] o o o o ] o] Kompliziert
Gut Q o o o] o] (o] (=] Schlecht
Schon a [+] o {+] o [+] (<] Hafich
Unierauchang sur L] Untersuchung zur 8
Bewertug vor Mobiifumineiefonen Beweriung von Mebitfunkteledonsn : 8
ZMMS ZMMS
Der Klang des Telefons ist ... / Das Telefon klingt ... Apschiieend folgen noch einige Fragen zu Ihrer Person und Ihren
Bewerungen:
Angenehm =] =] =] =] =] =] @ Unengenshm Aber:
¥ B 8 @ O O B 8 Opdirpht mannlich O weithich O
Undeutich L] Q ] ] Q #] Q Deutfich
Zurbickheltend O o o o o o O Auldringich Steht Ihnen aktued ein Mobilielefon zur Verfligung (elgenes oder sonstiges)?
Natirlich ] [+] [+] o [+] o @ Mechanisch s O Nein a
Harmenisch o o o (o] o (] 0O Unhammorisch Wenn ja, welche Handymarks nutzen Sia zurzeit?
Minderwertig o o o o o =] =} Hochklassig Bite frei e
Passond © © O © © © O Unpessend

Bitte umblattarn!

Undersuchung 2ur 9
Bewertung ron Mebilfunkisielonen 8

AWABAS

Wie viele Jahre insgesamt benutzen Sie schon Moblfurkielefone?
Bite frei eintra

Haben Sie schon sinmal in der Vergangenheit ein Marovela Mobilfunktelfon n
Gebrauch?

Ja O MNein o
‘Wenn ja, welches Modell?

Bite frei

Kénnten Sie sich dieses tiir den eigenen
2U erwerben?

la o Nein =]

Mir gefilix das Telefon:

sehr gut ganz gut gar nicht

Unlersuchung zur 10
Bewseriung won Mob#unidelefnen

FRAME
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Appendix B

Empirical study on emotional user reactions

Helich Willkormraen itn Zertnon fir Wersch-haschine-Systerne.

Vielen Dark, dass Sie sich beredt erkldrt haber, an der heutigen Untersuchung teil-

zunehmen!

Auf den folzenden Seiten finden Sie 10 Aufggben, die Sie insgesamwt an mael
verschiedenen Handyeirulationen beatheiten werden. Falls zuwr Beathetung
interakttve Eingaben notwerdig sind, so ackten Sie bitte anf den hervorgehobenen
Text md berntzen genan diesen fiir Thre Eingahen

Sie haben fiir die Bearbeitung jeder Aufzshe masdmal zwel Minden Zeit. Sollten
Sie eine fiufgabe nicht bis mu Ende bearbeiten kénnen, wird die Anfzabenbearbei-

tung shgebrochen.

Haben Sie eine Aufzahe fertiz beatbeitet oder st die Pearbeitingszedt sbgelanfen,
bekoranen Sie dies rickgereldet. Nach der Rickmeldung beartworten Sie bitte
umgehend die zwel lnzen Fragen, die unterhalb jeder Aufzsbe gestellt werden
Worira es sich bei den Fragen genau handelt, wird Ihmen auf der folgenden Seite

ausfithrlich erlitert.
Beispidle: =) = == =
Entyamang [_’., ¥ =L =
D F]' L ‘J ‘\?
25 s :_;-u ol L ll“'LJ
oo O OB OO
m—-l«'“_‘-‘
. 3
g ,.;
X p e} t\ |j g ~1
A O O B e 5
Langewsile
Angst
o 0 0 o o o
-‘T‘
il e M ol gy e | [1 |j E "l—“l
o o o A 0l L O B s 5
Begeistanmg

r['_'_' ch rm Eﬁﬁ _]jP

'_L | = gy B | [_l '|_'I o

o o WO

C O 0

Im Laufe dieser Untersuchung werden 5ie SAM begegnen. Das ist SAM:

2 3

SAM bedeutet Self Assessment Manikin, SAM stellt S1e und Thre Grefithle dar. Sie wer-
den AN heute benntzen, ura Thre erotionale Feaktion anf die Exledizung bestirorer
Aufgahen zu ermiteln. Sie kinnen iber S0 miteder, welches Gefithl eine Interakti-
ot in Thren aus-list. Geben Sie dabei bitte nickt eine Bewertung fiir das Produkt ab,
sondem eilen Sie THR Gefiihl mit, welches die Inierakiion mit dem Produla in
Thnen hervorruft.

Ein Gefithl karm man aus mel Blickwinkeln betrackten, nérolich:

— die Stirmrimg eines Crefithls (posttiv oder negativ)
= die innere Eregng, die damit einhergeht

Shmmung
Diie erste Zeile geht von einern breiten Lachen bis 2u eirera grofien Stimmreeln. Diess
Zeile versinrbildlicht Stimraungen wie ,willig Zufrieden oder stok™ bis wllig unzu-
frieden oder betridht

e’
FRE

Erregung
Die mweite Zede stellt Thre Emregung dar, die von sehr ,prregt” oder , gesparnt® bis sehr

Jduhig oder ,sehlifrig™ geht.

Sie geben an wie Sie gich fithlen, indera Sie inje(br derheiden Zeilen eine Marlde-
rung setzen. Versuchen Sie hitte, iraraer Thr eistes spontanen Gefithl damstellen. Be-
wetten Sie dabei nicht das Produbt, sondem geben Sie Thre Gefihl wisder.

Hier nochroal die wicktigsten Instruktionen auf einen Blick:

- Lesen Sie sich die Aufzgben vor Beatbeitung sorgfiltiz durch!

- Bitte venmeiden Sie es, wihrend der Aufzaberbearbeitung zu sprechen!

- Beachten Sie, dass die Anfzsbenbeatbeitung nach der Rickmeldmg beendet ist.

- Beantworten Sie amgehend nach Rickmeldung der Beerdizung einer Sufzahe

die beiden SAM-Skalen!

Hahen Sie noch Fragen?



Aufgabe 1: Sie stzen gerade in der letzten Reihe einer Veranstalting und exwarten ei-
nen wichtigen Arouf Dias Hardy sollten Sie anf keinen Fall ausstellen! Trotzdern, werm
der Arruf bommt, miéchten Sie nicht, dass es unbedingt ganz lat klingelt.

Also siellen Sie hitie den Klingelion in Threm Handy auf , Jeise*.

Aufzabe 2: Dhie Daturasanzeige in Thrern Wobiltelefon rmss offersichtlich neu einge-
stellt wemden!
Suchen Sie doch geich mal die ensprechende Fimldion wnd geben den

02,09 X005 ein.

Aufzabe 3: Beir Bérker haben Sie gerade einen alten Freund getioffen. Merach, wis
lange Sie sich schon nickt gesehen haben! Und doch hat man sich sofort wiederer-
kannt... Sie tauschen Thre Handymoummerm ans. Sie michten seime Nurener gleich
Thrern Hany speichern. Er diktiert Thnen:

(2898673250

Erstellen Sie einen neuen Eintrag in Ihrern Teleforbuch und speicherm seine Handy-

Iurnner.

Aufgabe 4: St sind gerade an der Theaterkasse uwd wollen fir sich und Ihren Belann-
ten Avton mwel Karten filr die heutige Vorstellung wrm 12 Uhr kanfen Die Diame an der
Kasse sagt, 18 Uhr ist schon komplett weg, aber es gibt noch wenige Karten fir die
Spitvomstellmg.

Rufen Sie Thien Belanmien Anton per Handy an, um ihn zu fragen, ob ex auch zur
Spitvorsiellung mitkommen wiirde. Seine Mohilfunlknummer haben Sie ja in Ih-
rem Handy gespeichert.

Lufgabe 5: Sie sind spdter mit einern Bekarnten irn Café verabredet. Erinmern Sie ihn
it emmer Kmznachrcht noch einmmal an das Treffen. Ubnigens 1st Thr Iobaltelefom auf
antormatische Worterkeramng eingestellt (T9).

Schredhen Sie thr mal eine kurze SAIS mit dem Inhali:

Bisum3!

Diie Mobilfurdanrarer Thres Bekannten ist:

0254332890

A dieser Stelle bitten wir Sie zundchet wm einige Angaben mu Threr Person.

Alier:

Geschlecht: [] weiblich O redrmlich
Beruf: [ Schilerf Student’ in Ausbildarg (Vollzeit)
{ruelafuch [ shgeschlossene Bernfbaushildung
miglich) 2

[ shgeschlossenes Hochechnlstudium
O nichts tifft zu

SiehiThnen alctuell ein Mohilielefon zur Verfligung eigenes oder sonstiges)?
0 Ja O Hein

“Wenn ja, welche Handymarke nouizen Sie zur Zeit?
Bitte fiei eintragen:

‘Wenn ja, wie oft nuizen Sie folgendes Diensie mit dem Mohilielefon?

50 gut 12 ymal fast
vienie  dieWoche  tiglch tiglch

itherhapt
nicht

(a) Sie rufen jemanden an O O O ] [}
() Siescheibeneine SMS [ O O 0 O
(c) Sie laden kostenp flichi;

) einen neven mhﬂ:g O | O | O
{d) 5ie versenden Bilder O O O O O
{e) Sie surkn im Iniemet O O O O O
‘Wie ofi nuizen Sie diese Fun} an einem Comp (privat und dienslich)?

itherhampt 50 gut 12 wmal fast

nicht wiemie  dieWoche tiglth  tigleh
(a) (Lem-/Text)Programme [ O O O O
(h) Intemet O O O O O
(c) Online-Spiele O O O O O
(1) Programmierung O O O O O

in Threm Ilshiltelefon die Freisprecheinrichiung anschalten wollten, darit Sie ankaro-
mende Arrufe gleich annelmen kinnen.

Schalien Sie ako gleich die Funltion , Freisprecheinrichiung edn!

Aufzabe ¥: Von einer Feler kommen Sie mide nach Hawe und wollen edgentlich mr
noch ins Bett. Morgen mickten Sie erst mal asschlafen. fhber um halb zwolf haben Sie
einen wichtigen Termin... Verschlafen wire da total schlecht. Chat, dass Thr Hardy eine
Weckerfunktion hat.

Also siellen Sie hitie den Wecker in Threm Handy ein

Auf 09:00 Uhr

diirfte reichen!

A ufabe £: Thre Bekanrte fragt Sie, ob Ihr nenes IMobiltelefon anch eine Rufirnleitung
hiat. Sie erklint Thnen, darit kdrme man eingehende Anrufe an einanderes Mobiltelefon
weiterleiten. Sie wollen des gleich mal ausprobieren und die Rufuraleitung wit der
Funkrramer Threr Bekareten einstellen.

Siellen Sie ako die Rufumlei in Threm Mohilielefon ein:

0270543488

A ufzabe 9: Thye Bekarote Andrea hat eine nene Hardyroorener.
Sie kitnnen ako ihien alien Telefonhucheinirag lischen.
Suchen Sie bitte den Fintrag von Andrea und lischen thn

Aufzabe 10: Von einer Arbeitskollegin haben Sie eine ganze Weile schon nickts mehr
gehirt. Melden Sie sich doch einfach raal wieder it einer Kurnachrickt. fuch dieses
Ilohittelefon ist wisder anfatormatiche Wortetkennmg (T9) eingestellt.

02543528005
Schretben Sie thr einfach eine knze SIS mit dem Inhalt:
Hallo du!

In diesern Fragebogen bitten wir Sie, sich an die Bearbettung der eirzelnen Aufzaben
sowie die dabel ausgeldsten positiven urnd negativen Emotionen zu erinnem.

Machdem Sie die Videoanfzeichnung einer &ufzahe angeschaut haben, beanbworten Sie
bitte die folzenden Fragen, indem Sie ankrezen, wie sehr Sie einer Awssage inhaltlich
zustitmen. st eine Awsage als Gedanke nicht relesant gewesen, so krezen Sie bitte
JArrelevant” an. Bei der ersten Frage machen Sie bitte eine freie Angabe in Stichpunk-
ten.

Wersuchen Sie, sich so viele Eirmelheiten wie moglich in das Bewnsstsein zurickzm -
fen, die wilrend der jeweiligen Aufzaberphase fir Sie bedeutsarn waren.

Es ist wichtiz, dass Sie alle Fragen beantworten und bei jeder Aufzahe mer e Krew
setzen.

1. Wie winden Sie die Emotionen mit Thren eigenen Worien benermer, die wibrend
der Aufgabenbearbeitung relevart waren?

Wie witrden Sie die Phase der Aufzaberbeatbeitung ganz allgemein eirechitzen?

s md i lichetm
ATIEh sumlich Mo Ikt
sogen T N [
swagnin [T T[]

Als Sie die oben genannten Emofionen erlebfen, dachten Sie, dass ..

sl
przkdt  smlch

[ T T
[ T T

[ [ T
[ T

4. ... Sie die Beatheitung der Aufzabe an diesern
Systern vor ganz neve Anfordemingen stellt?

5. ... das System Sie dabei unterstiitzt, Thre Ziele zu
erteichen?

6. ... dass Sie das Systern unier Konirolle haber?

7. ... dass Sie it Thyer tatedchlichen Leishing zufrieden
sein werden?

]
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Appendix C Study 1

Appendix C gives a description of the used systems, questionnaires, and detailed results of
Study 1 (Chapter 5).

Appendix C.1 Description of systems used in Study 1

The following table contains some detailed information about the used portable audio players.

Description Player

66,5 x 67 x 20 mm

Display: 132 x 32 pixel

Controls: 1 joystick button (4-directions/ confirm) and one button
on the front

Menu design: icon and text based menu, right/left

51 x84 x 19 mm, 108 g

Display: 160x104 pixel

Controls: 5 touch buttons and 1 slider (up/down/enter) on the
front; 1 button and 1 button on the top

Menu design: text menu, up/down, context menu, extra back
button

68,6 x 105 x 22,1 mm, 203 g

Display: 160 x 104 pixel

Controls: 6 button and 1 slider (up/down) plus extra confirm
button on the front; 3 button on the left side; 1 slider on the top
Menu design: text menu, up/down, extra back button

75,9x 112,5x 24,1 mm, 226 g

Display: 160 x 104 pixel

Controls: 4 Buttons on the left side, one jog-dial (up/down/enter)
and 3 buttons on the right side )
Menu design: text menu, up/down, extra back button
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Appendix C.2

Explortionsstudie Digitale Audin Fiayer: Fragebogen 1

Es geht rom um Dhren exsten Eindrock von derm Produkt!

MeitJuri 2006

Unten ist eine Liste von Worten aufzefithet, rait der die Irferaktion rt einern techrischen
Systern heschriehen werden karn_ Bitte gehen sie jeweils anwie treffend jedes Wot dis
Interakiion mit von Thnen gerade berntztern Froduki beschredat.

Bitte gebe Sie zu jedem Begnff eine Anbarort!

Die Inleraktion mit dem Produkat ist ...

Stiraree vollzn

.. angenehm. 8]
.. iniensiv.
.. inbefriedizend
... ansprechend.
.o eTTEZENL
... wohltuend.
.. lebendig,
.. abstofiend.
«.. hedsichtiz,
... merfreulich.
... siillsiehend.
- i
... schEifrig,
.. mhequem.
.. sthiin.

o0 o000 00 000000000000

WP Badingung:

Explorstiorestudie Digitde Audio Flayer: Fragsbogen 2 nit Autgsben

Aufgshe 3
Sie haben Thre Uhr heute vergessen und wollen

nachschanen, ob Sie ihren Terrain roch rechizeitig
einhalten kénnen. Schauen Sie nach der Uhezedt in

dern Player!

Bitte krewzen Sie auf der neberstehenden Shala
hre Gresarnfbewerhmg fur die
gerads shsobierte ufzahe anl

Aufzahe 4
Sie derken bei derm Crespriiclsthema an [hren

Freund Peter und Thnen fallt ein, dass dieseram 10

Juni Grebuttstag hat und Sie den Crebnrtstag die

Ietzten Jahre mekst vergessen heben. Prifen Sie im

Kalender Thres Players, oh Petes Gehunistag
wererkt ist

Bitte krewzen Siz auf der neberstehenden Shala
Thre Gesarmbewerhmg fiir die
gerade dhsolbrierte Aufzahe anl

WP Badirgung:

02200000 OO0 00O00000O000

OO0 00000 0000000000000

OO0 00000 0000000000000

Stimme fherhaupt nicht zn
8] o] o
o o] o
8] o] o
8] o] o
o] o] o
] o] o
8] o] o
o] o] o
] o] o
o o] o
8] o] o
o] o] o
o] o] o
8] o] o
8] o] o
o] o] o
] o] o
o o] o
o] o] o
] o] o

Sascha Mahike - prometeifsps

i fduri 2005

Bamicn anstrangena

sinigeraben ansirengang

stnas arsirangend

hawm amtrengend

emiich anstrengend

sinigermanen ansirengang

Sascha Mahike - prometeifsps

Das Syviem exmiglicht es mix; die
Ich finde es leichtvom Produltt, zu
oL h

das Syziem st ein guies Produlct
Das Produlsd hegt zut in dex Hand

Dia Bedienung des Produlds ist
Das Pmodulat ist lnmforhel zu

Das Produla ist leicht zu he dienen.

Questionnaires used in Study 1

Explorationsstudie Digitae Audio Flayer: Fragebogen 2 mit Aufgaben

s £ Juni 2005

Es wind Ihrien it Folgenden eine Situation beschrishen, in der Sie vier sehr e Aufishen
it dere vorliegenden Prodikt bearbeden sollen. Zuetst wivd Thnen dazu die Situstion
heschrieben —denken Sie sichbitte indiese hinein. Daranf folgen die Sufzaben, fir deren
Lasung Sie je max. eine IMinte Zeit haben. Geben Sie dern Versuchsledter bitte kuz
bescheid, wern Sie mit der Aufgabe begirmen und diese abgeschlossen haben Geben Sie bitte
aulerdern rach jeder Aufgahe ke eine Gesaradhewertung fir die shaokierte Aufgshe anl

Situationsheschieibung

Sie sind gerade in die [1-Babn eingestiegen, um sichzn einetn Terrin anfrumachen und
haben sich hingesetzt. Bevor Sie los sind, haben Sie noch schrell Thren Digitalen Audio
Plaser eingesteckt, den Sie gerade aus [hrer Tasche geholt hahen und jetzt m der Hard halten.

Aufgahe 1
Sie michten jetzt das Alhum von Rodgp Himter
rnit derm Namen Fanfer Files hiren Wihlen Sie
dieses aus!

Bitte krewzen Sie auf der neberstehenden Skala
hre Gesarmtbewertmg fir die
gerade absobvierte & ufgabe an

Aufgahe 2
Sie mdchten in der U-Bahn ein Gesparich neben
Thnen mdthéren, wilrend Sie blusik horen, Wahlen
Sie eine niedrige Lautstarke!

Bitte krewzen Sie auf der neberstehenden Skala
hre Gesarntbewertmg fir die
gerade absolvierte A ufzshe anl

WP Bedingung

Explorationsstudie Digitde Audio Fayer: Fragebogen 2

Wie filhlen Sie sich nach der Mutzung des Produlats ?

In wiefern treffen die folgenden Aussagenzu?

Stinene vollzy

Aufgahen zu bewil tigan.

elmmmenwas ich will
Ich denle,

Die Bediemmg des Produls
strungimichan.

irtnibizlich

Ichlann mir vorsiellen,
das Prodult ru laufen

Das Produlst fiihl sich gt an
fiir die Aufiahen bedeutram.
Marund ver €indbich,
iragen

Lisung der Aufgabe.

o o 0O 0O O O O O O O O O O O 0
o o 0O 0O O O O O O O O O O O 0
o o 0 0O O O 0 O o o O O O O 0

o o o o o o o o o o o o o O 0

suerortermiich smstrangend

stark anstrengend

sharmlich anstrangerd

sinigermaen ansirengend

stark anstrengend

sharmlich anstrangerd

sinigermaen ansirengend

bitte umblittern 2

Sasoha Mahike - prometeifsps

MeifJuri 2006

o 0o 0o 0o 0

Stivm therhampt richt 21

Q Q

o o 0 0O O O 0 O o O O O O O
o 2 0 0 O O Q0 Q0 O O O O O O
o o o o o o o o o o o o o O 0

bitte umblagiern 2
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Explorstiorsstudie Digita = Audio Flayer: Fragebogen 4 Whsi Aluri 2005

Exploratiorsstudie Digitse Audio Flayer: Fragebogen 3 Whsi£uri 2005
Kz einige Fragen znThrer Person:
Das Produli, dass ich gerade bermuizi habe, is...
O 0 0 0 0 0 0  .vhikd Alter
o o o o) a 0 0 - fachméinmiech Geschlecht: O rannlich O weidhlich
© © © e © e e - siihvoll BerfiStudienfach:
s} s} s} o] s} o] o] —owerivoll
[0} [0} [0} o] [0} o] o] -. ainhazishend
j Besitzen Sie einen Oja O nein
0 0 0O 0O 0 0 0 o Digitalen Ao Playes?
s} s} s} o] s} o] o] - oxiginell
© 0o 0 0 0 0 0 .l Wenn e, welchen?
o o o o] o o] o] - Ttz Wie oft nutzen Sie diesen?
o o o [a] o [a] [a] - inmovativ Crtiglich O meharnals die Woche O mehrmals i Monat O seltener
s} s} s} o] s} o] o] - fesselnd
0 0 0 o 0 0 0 .herausbrdernd Nutzen Sie Digitale Audio Dateien Oja O nein
o] o] o] [s] 0O 0 0 _newrg an einem Computer?
0 0 0 o 0 o o - gut Wenn ja, welches Program
s} s} s} o] s} o] o] -~ schiin nutzen Sie dazn?
0 0 0 o] 0 o] o] - baingtmich o
L = Wie of nutzen Sie einen Coraguter?
O taglich O rehrmals die Woche O rehrmals ivn Monat O seltener
Die Gestaltung des Produlck ist...
bitte umbliitiern 2
Stineme vollm Stinoue iherhaupt richt =1
. Jmeaiiv. O o] o] s} o] o] s}
... dsthedisch O Q Q [0} Q a [0}
..otignell O O O o o 0 O
.. angenehm O o} o} o o} o} o
speziell O o] o] s} o] o] s}
wHar O Q Q [0} Q a [0}
... symmetrisch O o} o} o o} o} o
... fszinierend O Q Q [0} Q a [0}
.rein O Q Q o Q a o
..raffinert O o] o] [a} o] 8] [a}
P, Bedirgung Sassha Mahlke - prometeifspe e B LRI R
Exploratiorsstudie Digitde Audio Player: Fragebogen 4 Mai/uri 2005
Welche der vier Produkte winden sie bevorzugen?
Bitte bringen Sie die Produkde in eing Reiherdolge
1
2
3
4
A B C D
> e ‘
Wie hegrimden Sie thre Entscheidung?
WP Sascha Mahlke - prometeifsps
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Appendix C.3  Detailed results of Study 1

The following table contains the results of all analyses of variance for the factor PRODUCT in
Study 1.

Dependent Variable df F n P

Number of completed tasks 3,87 8.2%** 0.22 <0.001
Time on task 3, 87 3.0* 0.09 0.036
Usefulness 3,87 8.2%** 0.22 <0.001
Ease of use 3, 87 10.5%** 0.27 <0.001
Visual aesthetics 3,87 8.4 0.24 <0.001
Haptic quality 3, 87 10.9*** 0.27 <0.001
Symbolic quality 3,87 8.4 0.23 <0.001
Subjective feeling (valence) 3,75 4.4* 0.15 0.006
Subijective feeling (arousal) 3,75 1.5 0.06 0.210
Overall ratings 3, 87 3.9* 0.12 0.011
Ranking 3, 87 3.7* 0.11 0.015

*p<.05; " p<.01;,** p<.001

The following table presents al within-subject contrasts (F-values and significances) for all
conditions of PRODUCT (A, B, C & D) in Study 1.

Dependent Variable A-B A-C A-D B-C B-D C-D
Number of completed tasks 1.1 24 4*** 24 .9*** 5.1** 5.5** 0.005
Time on task 0.6 9.3** 5.0% 2.4 1.6 0.5
Usefulness 2.6 30.1* 13.9* 6.5* 21 2.0
Ease of use 1.1 28.8*** 16.8*** 12.1** 5.2* 2.1
Visual aesthetics 14.7* 22,7 2.7 0.003 6.4* 8.9**
Haptic quality 8.6™* 0.5 7.3% 5.6* 24. 7% 12.6*
Symbolic quality 20.6™** 11.2** 1.8 1.8 9.9** 4.2
Subjective feeling (valence) 2.3 14.3** 13.9** 1.8 1.2 0.9
Subjective feeling (arousal) 0.1 2.7 3.5 2.8 1.1 0.009
Overall ratings 2.4 16.1%** 3.2 2.1 0.2 0.009
Ranking 1.3 11.5%* 0.1 2.8 0.7 9.7**

*p<.05, " p<.01, " p<.001
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Appendix D Study 2

Appendix D contains the pretest results, the used systems, the materials, and detailed results
of Study 2 (Chapter 6).

Appendix D.1 Pretest of usability variations

A pretest with ten participants was conducted to test whether the variation of presentation
properties led to differences in interaction characteristics and perceived usability. Five
participants tested the high usable version, and five participants used the low usable system.
A set of five tasks was given for each version, and participants had two minutes two solve
each task. The number of completed tasks within two minutes, and the time for completion of
all tasks were measured as performance data. At the end of the pretest, they rated each of the
versions regarding their usability with the System Usability Scale (SUS) by Brooke (1996).
The SUS questionnaire consisted of ten items. An overall score was computed that ranged
form 0 to 20.

The two usability versions differed with respect to central interaction characteristics.
Compared to the version of lower usability, the highly usable system led to a greater
percentage of correct solutions, F;3=14.4, p<.01, and to faster completion, F;s=11.3, p<.05.
Participants with the usable version completed 4.8 tasks and needed 199 seconds on average.
The other participants finished 3.2 tasks and interacted with the system for 334 seconds on
average. Usability ratings differed for the two systems, F;s=11.1, p<.05. The average rating
was 14 for the high usable version and 6.6 for the low usable version.

In summary, the high usable version got better perceived usability rating and led to better
performance with respect to the number of completed task and the average time for
completion.

Appendix D.2  Pretest of visual aesthetics variations

In a series of pretests, effective variations of shape, color combination, and symmetry were
identified. The pretests were conducted as online experiments. Participants were shown pairs
of versions at a time and had to indicate the more aesthetic one.

In the first pretest, nine versions that were combination of three variations of roundedness and
three variations of unity were evaluated. Sixteen Participants did 36 comparisons between all
versions each. Overall 576 comparisons were down and 128 data points for each version
available. The version with a medium level of roundedness and a high level of unity was
preferred in 92 % of the comparisons and was chosen most often as more aesthetic. The
version with a low level of roundedness and a high level of unity was preferred in 34 % of the
comparisons and was assessed as least aesthetic.
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Medium level of roundedness and high level of

unity on the right and low level of roundedness and
a high level of unity on the left.

In a second pretest, seven different color combinations that differed with respect to
differences in hue and brightness were tested using the best rated shape from the first pretest.
Twelve participants did 21 comparisons between all versions each. Overall 576 comparisons
were down and 128 data points for each version available. A version with high differences in
brightness and no variation in hue was preferred in 72 % of the comparisons and was chosen
most often as more aesthetic. A version with no variation in brightness and high difference in
hue was preferred in 32 % of the comparisons and was assessed as least aesthetic.

High differences in brightness and no variation in
hue on the right and no variation in brightness and

high difference in hue on the left.

For a last pretest, the design combined of the best shape and best color combination and the
version with worst shape and color combination were combined with different levels of
symmetry. Nine different versions were tested. Ten participants did 36 comparisons between
all versions each. Overall 360 comparisons were down and 80 data points for each version
available.

The version with a medium level roundedness and a high level of unity, high differences in
brightness and no variation in hue and high symmetry was preferred in 95 % of the
comparisons and was chosen most often as more aesthetic. It can be seen as high aesthetics
version on the next page.

The version with a low level roundedness and a high level of unity, no variation in brightness
and high difference in hue and a shift of the display to the left and the controls to the right of
the product body was preferred in 25 % of the comparisons and was assessed as least
aesthetic. It can be seen as low aesthetics version on the next page.
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Appendix D.3

Now Playing

- Biblicthew: 9 Clips in 3 Alben
. GESantspieldauers ¥3 Min 37 Sec
Spelehart 20 M wsn D12 D Fred

Low usability / low aesthetics

) Husikbibliothelk
aktueller Titel
FH-Radio

- Extras
gf__l_qiq_nnrgahnmns

High usability / low aesthetics

Screenshots of systems used in Study 2

#iblintner: 9 CLips in 3 slven
Eesantspieldauer: 43 Min &7 Sec
| Spedeners 329 W Ush S12 WD Frei

1

Low usability / high aesthetics

Hendi :m_.

aktueller T!tel

Fii-Radio
Extras
A Viiedergabenodus

i

High usability / high aesthetics
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Appendix D.4

0 Datum:_ _

Wie bewerten Sie verschiedene
Gestaltungsvarianten tragbarer Audio-Player?

“Werantwortlicher Ansprechparner:

Dipl.-Psych. Sascha Mahlke; E-Mail: sascha.mahlke@zmms.tu-berlin. de

Unte rsuchung zur Bewertung 1

werschiedener Gestaltungsvarianten
tragharer Audio- Flayer

Das st SAMI

Im Laufe dieser Untersuchung werden Sie SAM begegnen
Das ist SAM: C

I

i

SAM stellt Sie und |hre Gefihle dar. Sie werden SAM heute benutzen, um lhre
emotionale Reaktion auf die Erledigung besimmisr Aufgaben zu emmitteln. Sie
kinnen dher SAM mitteilen, welches Gefiihl eine Interaktion in hnen ausldst. Gehen
Sie dabel bitte nicht eine Bewerung fir das Produkt b, sondem tellen Sie IHR
Gefithl mit, welches die Interaktion mit dem Produkt in Ihnen hervoruft, Ein
Gefihl kann man aus owei Blickwinken betrachten, narmlich:

= die Sfimmung eines Geflnls (pos v ader negativ
- die innere Erregung, die damit einhergeht

SAM heschreibt Ihre Stimmungen von einem breiten Lachen his zu einem grofien
Stirnrunzeln. Diese Zeile wersinnbildlicht Stimmungen wie vollig zufrieden” oder
Ltlz" bis vy unzufrieden” oder etribt’

JZufriecen Anzufrieder!
o ] “petriipt

Eing zweite Zeile stelt Ihre Erregung dar, die von sshr erregt’ oder gespannt’ bis
sehr  ruhig” oder , schlafrig” geht

uEfregt
Wgespanny

Juhig”
schiric!

Sie gehen an wie Sie sich fihlen, indem Sie in jeder der beiden Zeilen eine
Markierung setzen. Wersuchen Sie bitte, immer Ihr erstes spontanes Gefihl
darzustellen. Bewerten Sie dabei nicht das Produkt, sondern geben Sie hr Geflhl
wieder. Einige Beispiele folgen auf der folgenden Seite

Bitte umblattern!

Untersuchung zur Bewe tung 3
werschiedener Gestatungsvarianten
tragharer Audio-Player

Questionnaires used in Study 2

| Einleitung

Herzlich Willkommen am Zentrurn fiir Mensch-Maschine-Systeme

“ielen Dank, dass Sie sich bereit erklart haben, an dieser Untersuchung
teilzune hmen!

In dieser Untersuchung geht es um lhre Bewerung wverschiedener
Gestaltungsvarianten  tragbarer  Audio-Player.  Im  Vedauf  der
Untersuchung werden lhnen zwei Varianten prasentiert, die wir aus einer
gréleren Menge ausgewahlt haben. Sie kénnen diese Warianten im
Werlauf der Untersuchung anhand verschiedener Fragebogen bewerten
Wir geben lhnen auerdem zu jeder Variante finf typische Aufgaben,
anhand derer Sie die Benutzung der Variante ausprobieren kénnen
Wahrend der Bearbeituny der Aufgaben erheben wir zusatzlich
physiologische Daten. Dazu wurden bereits die bendtigten Elektroden
angebracht und getestet

Die Audio-Player werden als Simulation auf dem kleinen Bildschirm var
lhnen dargestellt. Bei der Prasentation handelt es sich also noch um
erste Prototypen fir spatere Produkte. Sie konnen die Player jedoch
schon direkt dber den Bildschirm, der als Touch-Screen funktioniert,
bedienen

Bevor Sie jeden Player anhand von finf Aufgaben ausprobieren kénnen,
erhalten Sie eine kurze Beschreibung zur Bedienung der jeweiligen
Wariante. MNach der Bearbeitung jeder Aufgabe, sind Sie aufgeforden
zwei Fragen zu beantworten, die unterhalb jeder Aufgabe gestellt
werden. Worum es sich bei diesen Fragen genau handelt, wird thnen auf
der folgenden Seite erklart. Im Anschluss an die Bearbeitung der
Aufgaben, erhalten Sie dann die Moglichkeit, die Variante auf einem
unfangreichen  Fragebogen zu  bewerten. Bei |hrer Bewertung
interessieren uns alle Aspekte, die fir Sie bei der Anschaffung und
Mutzung eines solchen Gerdtes von Bedeutung sind. Falls Thnen noch
weitere Punkte auffallen, haben Sie ganz zum Schlu noch einmal
Gelegenheit, diese zu nennen

Bitte umblattern!

Untersuchung zur Bews rtung 2
verschiedener Gestaktungsrarianten
tragbarer Audio- Flayer

s =
i) G F"_ef

ou

Beispiele |
Entspannung ,—L' _

Langewele

Angst

Begeisterung

=]

578 58

o o o o
Bitte umbléttern!
Unte rsuchung zur Beuse rtung 4

werschiedener Gestakungsvarianten
tragbarer Audio- Flayer

[+]
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[ Instruktionen |

Hier nochmal die wichtigsten Dinge, die fir Sie zu beachten sind, auf
einen Blick

Uns interessieren aile Aspekte, die fur Sie bei der Anschaffung und
Mutzung tragbarer Audio-Player relevant sind

Lesen Sie sich die Beschreibung zur Bedienung der einzelnen
Audio-Player und die Aufgaben vor der Bearbeitung sorgfaltig
durchl

Bitte vermeiden Sie es, wahrend der Aufgabenbearbeitung zu
sprechen! Stellen Sie Fragen an den Versuchsleiter bitte nur
zwischen den Aufgaben.

Beantworten Sie umgehend nach der Bearbeitung einer Aufgabe
die beiden SAh-Skalen!

Achten Sie darauf, maglichst keine der Fragen auszulassen

Haben Sie noch Fragen? Bitte wenden Sie sich an den
Versuchsleiter, wenn Sie hier angekommen sind!

Untersuchung zur Bemertung 5
werschiedener G estattungsvarianten
tragbarer Audic- Player

| Beschreibung der Variante D (1)

Der tragbare Audio-Player kann mit der Hand iber das Touchscreen
bedient werden. Far die Bearbeitung der folgenden Aufgaben werden
lediglich vier Bedienelemente bentigt

Display

AultiAb-Taste

Auseahl-Taste
Zurick-Taste

Auf dem Display werden Informationen dargestellt. Die AuffAb-Taste
dient zum Wechsel zwischen verschiedenen Menipunkten. Klicken Sie
die obere Halfte der Taste, bewegen Sie sich in einem Men auf, klicken
Sie die untere Halfte, bewegen Sie sich ab. Die Auswahl-Taste wihlt den
aktuellen Menidpunkt aus. Mit der Zurlck-Taste gelangen Sie aus einem
Untermeni zurick auf die nachst hdhere Menidebene.

Sie haben im Folgenden fir die Bearbeitung jeder Aufgabe maximal zwei
Minuten Zeit. Bitte geben Sie dem Versuchsleiter kurz Bescheid, wenn
Sie sich die Aufgabenstellung durchgelesen haben und mit der Aufgabe
beginnen mdchten, Haben Sie eine Aufgabe fertig bearbeitet oder ist die
Bearbeitungszeit abgelaufen, bekommen Sie dies durch den
“ersuchsleiter rickgemeldet. Falls Sie noch Fragen zur Bedienung
haben oder mit der Aufgabenbearbeitung beginnen midchten, wenden
Sie sich bitte jetzt an den Wersuchsleiter!

Unte rsuchung zur Bewertung
warschiedener Gestaftungsvarianten
tragbarer Audio-Flayer

| Erste Wariante |

Die erste Gestaltungsvariante wurde soeben fir Sie auf dem Display
dargestellt. Bevor Sie die Benutzung der Variante anhand einiger
Aufgaben ausprobieren, beantworten Sie bitte kurz die folgenden

Fragen. Beziehen Sie dabei lhren Gesamteindruck ein

Das Design / die Gestaltung des Produkds ist

Stimime Uberhaupt nickt 20 Stimme woll zu

kreativ ] L] ] L] ] L] ]
asthetisch ] L] ] L] ] L] ]
originell o o o o o o o
... angenehm o o o o o o o
speziell o} e} o} e} o} e} o}
Klar o} e} o} e} o} e} o}
... Symmetrisch o o o o o o o
<. Taszinierend Q o Q o Q o Q
rein Q Q Q Q Q Q Q
<. raffiniert Q Q Q Q Q Q Q

Bitte umblattern!

Untersuchung zur Bewertung 8

werschiedener G estaltungsvarianten
tragharer Audio-Player

Aufgabe A

Denken Sie daran, wihrend der Beathsitung moglichst nicht 2u sprechen!

lhr Audic-Player verfliigt iber ein Radio. Stellen Sie bitte
fest, welcher Sender gerade eingestellt ist!

Mach der Bearbeitung teilen Sie bitt IHR mormentanes Geflhl mit

Bitte umblittern!

Unite rsushung zur Bewe rtung
werschiedener Gestatungsvarianten
tragbarer Audio- Flayer
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PBufgabe B Aufgabe C

Denken Sie daran, wihrend der Beateitung rmiglichst nicht zu sprechen! Denken Sie daran, wahrend der Bearb eitung mdalichst nicht zu sprechen!
Stellen Sie bitte fest, welche Lieder sie unter der Kategorie Sie kénnen mit Inrem Audio-Player auch ihre Kontakte
deutscher Punk® auf ihrem Audio-Player gespeichert (Telefonnummern etc.) vel:walten. Uberpriifen Sie bitte, ob
haben! Sie schon Kontakte gespeichert haben!

Mach der Bearbeitung teilen Sie hitle IHR momentanes Gefhl mit:

Mach der Bearbeitung teilen Sie bitte IHR momentanes Gefuhl mit:

Bitte umblittern!
Bitte umblittern!

Untersuchung zur Beve tung Untersuchung zur Bewe rtuns
werschiedener Gestattungsvarianten werschiedener G estatungsuariantan
tragbarerAndio-Player tragbarer Audio-Player
Aufgabe D Aufgabe E

Denken Sie daran, wahrend der Beatbeitung maglichst nicht zu sprechen! Denken Sie daran, wahrend der Bearbeitun g midglichst nicht 2u sprechen!
Stellen Sie den Wiedergabemodus lhres Audio- Sie wollen nach Italien in den Urlaub fahren. Um sich
Players bitte auf ,, Random einmal*! darauf einzustellen, haben Sie Lust, die Meniisprache |hres

» :

Audio-Players in Italienisch zu dndern.

Nach der Bearbeitung teilen Sie hitts IHR momentanes Gefhl mit:
Mach der Bearbeitung teilen Sie bitt IHR mormentanes Geflhl mit

Bitte umblittern! 5 .
Bitte umblittern!

Untersuchung zur Bewe tung Unite rsushung zur Bewe rtung
werschiedener Gestatungsvarianten werschiedener Gestatungsvarianten

tragharer Audio-Flayer tragbarer Audio- Flayer
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| Fragebogen ‘

Sie haben nun die Moglichkeit diese Gestaltungsvariante anhand des
folgenden Fragebogens zu bewerten. Bitte achten Sie bei den

nachfolgenden Bewertungen darauf, dass Sie keine Zeile vergessen!

Bitte umblattern!

Unite suchung zur Bewertung 13
werschiedener Gestaftungsvarianten
tragbarer Audio-Flayer

Inwiefern treffen die folgenden Aussagen zu?

Stimme Oberhaupt nickt 20 Stimime voll zu

Ich finde das Produkt ...

Tieis st ermoalchE 63 i, s
Aufaben zu bewsitigen

TER Tirde & Eisht waim FraiRt,
zu bekommen, was ichwil.

[CEEN
das System ist ein gutes Procult. e @ o o ¢ o 0

T i Be e HEE FEOHREE
strengt mich an. Q o o} 0 0 o 0

Insgesamt denke ich, das Prodult
ist niitzlich © o o o 0o 0o 0o

Ik kann mir vorstellen,
das Produkt zu kaufen

i F RO deE PrOaREs S

fix die Aufosben relevant.

“LiE HEdisnng HES P oS B
lai U verstandlich. O o g0 o o 20 0

s PrEHR TET il Sich Bei ter
Lésung der Aufgabe. a o o a a o a

Dias Pradukt ist ikt zu
bedienen

Wiern ich des Prodult zur Verfis
gung héitte wiirde ich es nutzen

Dias Design i die Gestaltung des Produkds ist ...

Stimme Oberhaupt nickt 20 Stimime voll zu

kreativ

.. Asthetisch

originell

angenehim

speziel

klar

. symmetrisch

faszinierend

... rein

CI0iDi0I0I0iD 0 00
QOO0 0I 00000
Ci0iDiIDI00iD 000
CIOI0I0I00I0I 000
CIOI0I0I00i0I 000
0 0iDiD;0|0;iD 0O, 0;0
oi0f ohololoiololoio

raffiniert

Bitte umblattern!

Untersuchung 2ur Beve tung 15
werschisdener Gestabungsvarianten
tragharer Audio-Player

Harmios o] [} o] [} [} [} O Hetausfardernd
Ausgrenzend O o] o] o] o] o] QO Einbeziehend
Praktisch 5] 4] 5] 4] 4] 4] 4] Unpraktisch
Lahm o] [} o] [} [} [} [} Fessalnd
Lonngher © O 0 0 0 0 o gl
Widerspenstiy  © [} o] [} [} Q [} Handhabbar
Phantasielos a] (8] a] o] s} (s} (o] Kreativ
Isaligrend a o} a o} o] o} o} Verbindend
Yoraussaghar 0O [u] [s] [u] [u] [u] 0 Unherechenbar
Criginell [a] Q 8] Q Q Q Q Konventionell
Voggci';gar o o 0o 0 0 0 0O \voreibar
Werwimend s] [} s] 8] 8] s} [} Ubersichtlich
Meuartig 8] 4] 8] 4] 4] 4] 4] Hetkammilich
Mindenvertig [s] [u] [s] [u] [u] [u] [u] Werbeoll
Urnstandlich o] o] =] o] o] a o] Dirakt
Innawatiy o] o] o] o] o] o] o] Kanservativ
Stitvall o] o] o] o] o) o) o) Stillos
Menschlich o] [} o] o] [} [} [} Technisch
Mutig [a] Q [a] Q Q Q Q “Worsichtig
Fachrannisch O o} a o} o} o} o} Laienhaft
Einfach [s] [u] [s] Q [u] [u] [u] Kompliziert
Bitte umblittern!
Untetsushung zur Benertung 14

werschiedener G estatungsvarianten
tragharer Audio-Player

loh stimme zu

leh bin unentschie den

Ich stimme nicht 2y

Ichvuinde das Systern meinen Bekannten empfe hlen

Die Benutzung des Systems zu erlem en war antangs schierig.

Ichwusste bei der Benutzungmanchmal nicht, mas ich als ndchstes machen soltte.

Ich bin manchmal unsicher, ob ich die riehiige Eingabe gem acht habe.

Der Umgang mit dem System ist zuftied enstellend.

Die At der Informationsd arstellung ist bei diesem System klar und verstandlich,

Es warden nicht genug Inform ationen auf dem Display damestelt.

leh habe das Gediihl, die Kontrolle iiber das System zu haben, wenn ich es nutze

lehwiide das System nicht tglich benutzenmolle

Die Infomationen, die das System mir gitt, sind we rstandlich und ausreichend

Die Autgaben kénnen mit dem System auf unkomplizierte Wizise bearbeitetverd en.

Das System hilt mir, die Probleme, die ich bei der Benutzung habe, zu lizen.

Es wird deutich, dazs die Bedirnisse der Nutzer bel der Gestalting des Systems
bericksichligt wurden

Die Anardnung der Weniis und henipunkte des Systems erscheirt lo gisch,

Den Gebrauch neuer Funktionen 2u erermen ist schisi erig

Es sind zu viele At eitsschritte nifig um eine Aufgabie 2u bearbeiten

Es ist leicht, das System die Dinge tun 2 lassen, die man will.

Ichwwewde nie die Benutzung aller Funktion des Systems edernen.

Das System verhilt sich gelegentlich auf eine Wieise, die ich nichtverstehe

Man kann auf den Blick alle Optionen erfassen, die das System 2u diesem
Zeitpunit bietet

Q|00 |O|Q|lO|O|O]|O|O|lO|O|O0|O0|O|O|O0|O|O
0 |03 O] 2 O S| OO PO O O S| 00 FOH 1O O |0 e
QlO|O|O|Q|CQ|lO|Oo|Oo|O|O|lO|O|OQ|O|0|0O[(O0|0O]|0O

Bitte umblattern!

Untersuchung zur Bewe rtung 16
wetschiedener G estaftungsvarianten
tragharer Audio-Flayer
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Kurze Pause | Zweite Mariants |

X : X Die zweite Gestaltungsvariante wurde soeben fiir Sie auf dem Display
Bevor wir lhnen den nichsten Audio-Player demonstrieren, folgt eine
dargestellt. Bevor Sie die Benutzung der Variante anhand einiger
kurze Pause, in derwit noch einmal die Aufzeichnung der o X
i Aufgaben ausprobieren, beantworten Sie bitte kurz die folgenden
physiologischen Daten testen missen. .
ragen

Wenden Sie sich bitte an den Versuchsleiter!

Das Design / die Gestaltung des Produkds ist

Stimme Oberhaupt nickt 24 Stimme wall zu
kreativ o} e} [&] o} o} e} [&]
.. &sthetisch Q Q o Q Q Q o
originell ] L] ) ] ] ] )
angenehm ] L] ) ] ] ] )
... speziell o o [s] o o o] [s]
... Klar Q o] =] Q Q ] =]
.. symmetrisch o o [s] o o o] [s]
<. Taszinierend Q o =} Q Q o =}
. rein Q Q L=} Q Q Q L=}
raffiniert Q Q L=} Q Q Q L=}
Bitte umblattern!
Unte rsuchung zur Bevertung 17 Untersuchung zur Bewertung 18
we rschi edener G estafungsuarianten warschiedener G ests tungsuarianten
tragbarer Audia-Player tragbarer Audio-Player
‘ Beschreibung der Variante G (U0) Aufgabe F

Dertragbare Audio-Player kann mit der Hand tber das Touchscreen Dienken Sie daran, wihrend der Beabeitung rmbalic it nicht 2u sprech el
bedient werden. Fir die Bearbeitung der folgenden Aufyaben werden

lediglich vier Bedienelemente benitigt

Uberpriifen Sie bitte, welcher Titel im Moment gespielt

wird!
Display
Slider
—— Auswaht Taste Mach der Bearbeitung teilen Sie bitte IHR momentanes Geflhl mit
Zurlick-Tasta

Auf dem Display werden Informationen dargestellt. Der,Slider” dient
zum Wechsel zwischen verschiedenen Menlpunkten. Indem Sie mit

dem Finger von oben nach unter bzw. unten nach oben dber das

Eingabefeld ,ziehen", bewegen Sie sich in einem Men( auf bzw. ab. Die
Auswahl-Taste, welche sich in der Mitte des | Sliders” befindet, wihlt den
aktuellen Menupunkt aus. Mit der Zurick-Taste gelangen Sie aus einem

Untermeni zurick auf die nachst hihere Meniebene

Sie haben im Folgenden fir die Bearbeitung jeder Aufgabe maximal zwei

Minuten Zeit. Bitte geben Sie dem Versuchsleiter jeweils kurz Bescheid, Bitte umblattern!
wenn Sie sich die Aufgabenstellung durchgelesen haben und mit der

Aufgabe beginnen machten. Haben Sie eine Aufgabe fertig bearbeitet

oder ist die Bearbeitungszeit abgelaufen, bekommen Sie dies durch den

“ersuchsleiter rickgemeldet. Falls Sie noch Fragen zur Bedienung

haben oder mit der Aufgabenbearbeitung beginnen michten, wenden

Sie sich bitte jetzt an den Versuchsleiter!

Untetsuchung zur Bewe tung Untersuchung zur Bewertung
werschiedener ¢ estaltungsvarianten werschiedener Gestaktungsvarianten
tragharer Audio- Player tragbarer Audio- Player
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Aufgabe G

Denken Sie daran, wahrend der Bearheitung moglichst nicht zu sprechen!

Bitte lassen Sie sich von lhrem Audio-Player die Uhrzeit
anzeigen!

Mach der Bearbeitung teilen Sie bitie IHR momentanes Gefihl mit

= |

Bitte umkléttern!

Unitersu chung zur Bewertun
werschiede ner Gestabungsvarianten
tragbarer Audio- Flayer

Aufgabe K

Denken Sie daran, wahrend der Bearheitung maglichst nicht zu sprechen!

Uberpriifen Sie bitte, welche Titel Sie in lhren Bookmarks
gespeichert haben!

Mach der Bearbeitung teilen Sie bitte IHR momentanes Geflhl mit:

Bitte umblittern!

Untersuchun g zur Bemertung
werschiedener & estaltungsuariantzn
tragharer Audio-Flayer

Aufgabe H

Denken Sie daran, wahrend der Bearbeitung miglichst nicht zu sprechen!

lhr Audio-Player kann auch als Wechselmedium fiir
Computerdaten dienen. Sie wollen flr die
Wechselmediumsfunktion mehr Speicherplatz reservieren.
Erhéhen Sie bitte den Speicherplatz auf 256 MB!

Wach der Bearbeitung teilan Sie bitte IHR momentanes Gemihl mit:

Bitte umblittern!

Untetsushung zur Bewertun
werschiedener G estaltungsvarianten
tragharer Audio-Player

Aufgabe L

Denken Sie daran, wahrend der Bearbeitung maglichst nicht zu sprechen!

Sie wollen unterschiedliche Klangeigenschaften lhres
Audio-Players testen. Andern Sie bitte die
Audioeinstellungen nach ,Classic®!

Mach der Bearbeitung teilen Sie bitte IHR momentanes Gefhl mit:

Bitte umblittern!

Untetsuchung zur Bemertung
wetschiedener G estsftungsvarianten
tragharer Audio-Flayer
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Fragebogen

Sie haben nun die Maglichkeit diese Gestaltungsvariante anhand des
folgenden Fragebogens zu bewerten. Bitte achten Sie bei den

nachfolgenden Bewertungen darauf, dass Sie keine Zeile vergessen!

Bitte umblittern!

Unitersu chung zur Bewertung 25
werschiedenar Gestatungsvarianten
tragbarer Audio-Player

Inwiefern treffen die folgenden Aussagen zu?

Stimme Oberhaupt nickt zu Stimme voll zu

Ich finde das Produkt ..

"D SEE SFTOnCHE e HiE
Aufgsben zu bewstigen. e @ o o @ o o

Ich finde & leicht vom Prodikt,
zu bekommen, was ichwill.

ek erke,
cas System ist gin gutes Prociukt. © o o o o o o

i Bsaiariing es ProaikE
strenct mich an.

“IREgesat denke ek, daE Prodimt
ist nitzlich ORI OO G OR o

Iehkann mir vorstelen,
das Produkt zu kaufen

o Funl:‘ur die AL«gabml:gzgpf O e A9 Op U g0 RO
L Hedle?cl\‘lar unedsvz'ﬂ'anlgﬁcﬁ B ° 9 - o e o
s r-*rociuflt5 :Lt. :;[E\Zlch‘aﬁir o o o ©o 0o o ©

o Fradiid &1 2 o
WEnn |_ch das Produkt zur Verfir o o 0 0 [s) [s] a

gung hatte wilrde ich es nutzen.

[ras Design [ die Gestaltung des Produktsist ..

Stimme Gberhaupt nickt 20 Stimme voll zu

kreativ Q L=} Q Q Q Q Q
.. dsthetisch ] =] Q o] o] Q o]
originell e} [¢] o] e} e} o} e}
angenehm ] o ] L] L] ] o]
speziel o] [s] o] o o o o
.. Klar Q o Q Q Le] ] Q
symimetrisch o [s] o o] [v) o o
.. faszinierend <) o Q o o Q o
rein e} [&] o} e} e} o} e}
. raffiniert ] =] Q o] o] Q o]

Bitte umblattern!

Untersuchung 2ur Beve tung 27

werschiedenar Gestatungsvarianten
tragharer Audio-Flayer

Hanmios 8] o] 8] o] o] o] O Herausfordernd
Ausgrenzend o] o] o] 1 o] o] o] Einbeziehend
Praktisch [s] u] [s] [u] [u] [u] [u] Unpraktisch
Lahm a o} a o} [} o} o} Fesseind
e © 0 © 0 o o o AWON
Widarsp enstig 5] 4] 5] 4] 4] 4] 4] Handhabbar
Phantasielos s] (8} s] o] 8] s} (o] Kreativ
Isaligrend a o} a o} o] o} o} Verbindend
Yoraussaghar [a] Q [a] Q Q Q QO Unberechenbar
Qriginell 8] 4] 8] 4] 4] 4] 4] Konventionel
Vo @ 0 O 0 0 0 0 vomsipa
WVerwimend o] Q o] [} [} Q [} Uhersichtlich
Meuartig [s] [u] [s] [u] [u] [u] [u] Herkammlich
Mindenwverty o] Q o] Q Q [} [} Wertvoll
Urmnstandlich a o} a o} o} o} o} Direkt
Innawatiy o] o] o] o] o] o] o] Kanservativ
Stitvall o] o] o] o] o] o) o) Stillos
Menschlich o] [} o] [} [} Q [} Technisch
Mutig o] 0] o] o] o] o] o] Waorsichtig
Fachrménnisch O [} o] [} [} [} [} Lalenhaft
Einfach o] o] o] o] o] o] o] Kompliziert
Bitte umbléttern!
Untersushung zur Benertung 2%

werschiedener G estatungsvarianten
tragharer Audio-Player

Ieh bin unentzchie den

leh stimme nicht zu

Ich stimme zu

lehwiinde das System meinen Bekanrten empfehlen

Die Benutzung des Systems zu erlemen war arfangs schiiedg

Iohusste bel der Benutzung manchmal nicht, was ich als nichstes machen soltte

Ich bin manchmal unsicher, ob ich die ichtige Eingabe gemacht habe.

Der Umgang mit dem System istzufried enstellend.

Die At der Informationsd arstellung ist bei diesem System klar und werstandlich.

Es werden nicht genug Inform ationen auf dem Display d amestelt

Ich habe das Gefiihl, die Kontrolle Gberdas System zu haben, wenn ich es nutze

lehwiinde das System nicht tiglich benutzen wallen.

Die Infomationen, die das System mir gibt, sind werstindlich und ausreichend.

Die Aufgaben kinnen mit dem System auf unkomplizie e Weise bearbeitet weden

Das System hilft mir, die Probleme, die ich bei der Berutzung habe, 2u lizen.

Eswird deutiich, dass die Bedurisse der Hutzer bei der Gestaltung des Systems
beicksichigt wurden

Die Anardnung der heniis und M eniipunkte des Systems erscheint logisch.

Den Gebrauch neuer Funkdionen zu erlernen ist schiierig

Es=ind 2u wiele At eitsschritte nitig um eine Aufgabe 2u bearbeiten

Es istleicht, das System die Dinge tun 2u lassen, die man will,

lehwerde nie die Benutzung aller Furktion des Systems edemen

Das System werhilt sich gelegentiich auf eine Weise, die ich nichtverstehe.

olo|lo|lOo|o|Oo|O|O|lO|O|O|O|O|O|O|O|O|O|O
o|o|lo|lOo|O|O|O|O|lO|O|O|O|O|lO|lO|O|O|O O[O

Wan kann auf den Biick alle Opfionen erassen, die s System zu diesem
Zaitpunkt bietet

olOo|Oo|C|O|O|O|0|O|O|O|Q|OC|O|O|O|C|O|O|0O

Bitte umblattern!

Untetsuchung zur Bewertun
wetschiedener Gestatungsyarianten
tragharer Audio-Flayer
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[ Abschlussfragebogen

AhszchlieRend folgen noch einige Fragen zu lhrer Person und thren Beweeriangen:

Ihr Alter:

Ihr Geschlecht:

Besitzen oder besalien Sie schon einmal einen tragharen Audio-Player?
Oja Q nein

Wenn Sie einen tragharen Audio-Flayer besitzenbesalien, welches Madell?

Haben Sie Erfahrung im Umgang mit traghaten Aodio-Playem und wenn ja, wie
lange?

Qja 0 nein
Jahre

‘Wie oft nutzen Sie einen Caomputer 7

O taglich O mehmmals proVWoche O einmal pra Wache O seltener

Wie viele Stunden proWioche nutzen Sie durchschnittlich einen Computer?
Stunden
Welche der beiden Player-Yananten wirden Sie als reales Produki bevorzugen?
O Erste 0 Zweite

Bitte schreihen Sie kurz etwas dazu wamum

Bitte umblattern!

Abschlussfragebogen

... noch einige letzte Fragen zu ihrer Person:

1. Es gibt nui ein gutes Gefihl, Produkte mit
hochwertigen Desigas zu besitzen.

2. Ich schaue mar gern Auslagen mit hockwertig
gestalteten Produicen an

3. Das Design cines Produkfs erzeugt in mir ein
Gefiihl von Woblgefallen.

4. Schones Produkidesign machi diese Well
lebenswerter.

5. Feine Unterschsede im Design von Produkten zu
exkcennen ist eine Fihigkeit, die ich i Laufe der Zeit
entwickelt habe

6. Ich erkenne Dinge im Design eines Produkrs. die
andere Lente fus gewshalich ubersehen

7. Ich besitze die Fihigheit mir vorzustellen. wie cin
Produit ot dems Dessgn meiner anderen Sachen
Zusammengassen wird.

8. Ich habe eine ziemlich gute Vorsiclhung davon,

odulct besser aussehen Liss als ein

anderes.
9. Manchmal scheint die Artund Weise wie ein
‘Produkt aussieht sich nach mir auszasirecken und
mich regeirecht zu ergreifen.

10. Wenn mich das Desiga eines Produlrs wirklich
anspricht, habe ich das Gefishl, dass ich das Produkt
kaufen muss

11, Wenn ich ein Produkt mit einem wirklich guten
Design sehe, fible ich einen starken Deang. es zu
kaufen.

e dberbaupt

micht zu

[

O BEN O SE
O BEN O BE
O BEN O BB

O
(m]
O

O BEN O BEN -

O

O BEN O BE

O

Untersuchung zur Beue tung 20 Untersuchung zur Bewertung 30
werschiedener Gestaltungsrarianten werschiedener G estaltungsvarianten
tragharer Audio- Player tragharer Audio-Flayer

Appendix D.5 Detailed results of Study 2

The following tables contain the results of all mixed linear model analyses of the two factors
USABILITY and VISUAL AESTHETICS for all dependent variables (interaction characteristics,
quality perceptions, emotional user reactions, and overall judgments) in Study 2.

Mixed linear models test for number of completed tasks:

df F p

52.875 <.001***
0.470 332
0.421 431

USABILITY (U)
VISUAL AESTHETICS (A)
UxA

—_ A

*p<.05 *p<.01;*™ p<.001

Mixed linear models test for time on task:

df F p

44.455 <.001***
0.772 .382
0.457 .501

USABILITY (U)
VISUAL AESTHETICS (A)
UxA

—_ A

*p<.05, " p<.01, " p<.001
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Mixed linear models test for perceived usability:

df F p
USABILITY (U) 1 70.403 <.001***
VISUAL AESTHETICS (A) 1 1.447 232
UxXA 1 1.443 .233
*p<.05 *p<.01;** p<.001
Mixed linear models test for perceived visual aesthetics:
df F p
USABILITY (U) 1 0.647 423
VISUAL AESTHETICS (A) 1 55.188 <.001***
UxA 1 3.131 .080
*p<.05 " p<.01;** p<.001
Mixed linear models test for subjective feelings (valence):
df F p
USABILITY (U) 1 38.711 <.001***
VISUAL AESTHETICS (A) 1 4.658 .034*
UXxA 1 0.229 .634
*p < .05 *p< .01, **p<.001
Mixed linear models test for subjective feelings (arousal):
df F P
USABILITY (U) 1 19.215 <.001***
VISUAL AESTHETICS (A) 1 5.563 .021*
UXA 1 2.287 .135
*p<.05;**p<.01; ** p<.001
Mixed linear models test for EMG (c.s.):
df F p
USABILITY (U) 1 2.754 .094
VISUAL AESTHETICS (A) 1 0.066 .798
UxA 1 0.007 935
*p<.05; *p<.01;** p<.001
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Mixed linear models test for EMG (z.m.):

df F p
USABILITY (U) 1 1.154 .286
VISUAL AESTHETICS (A) 1 0.109 742
UxA 1 0.057 .811
*p<.05 *p<.01;** p<.001
Mixed linear models test for EDA:
df F p
USABILITY (U) 1 17.594 <.001***
VISUAL AESTHETICS (A) 1 1.555 216
UXxA 1 1.817 181
*p<.05 *p<.01;*™ p<.001
Mixed linear models test for heart rate:
df F p
USABILITY (U) 1 1.650 .203
VISUAL AESTHETICS (A) 1 0.306 .582
UxA 1 4.030 .058
*p<.05;**p<.01;***p<.001
Mixed linear models test for the overall rating:
df F P
USABILITY (U) 1 69.451 <.001***
VISUAL AESTHETICS (A) 1 3.203 077
UxA 1 0.370 544

*p<.05*p<.01; **p<.001
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Appendix E Study 3

Appendix E contains a description of the used systems, questionnaires, and detailed results of
Study 3 (Chapter 7).

Appendix E.1 Screenshots of systems used in Study 3

=
Music library
; Music library

Now playing

Now playing

Fres memeny: 2308

Total number of albums: -

Tetal number of sengs: 12

Enargy left: 4h 32min

Volume: a8/

e >
“« L E
Low usability / low aesthetics Low usability / high aesthetics

Menu

Menu (s}
Music library

] Music library >

Now playing
Radio Now playing

Radio
Extras

v Playing mode Eirag
v Playing mode

” ]

High usability / low aesthetics High usability / high aesthetics
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Appendix E.2

Digital Audio Player Study

Sascha Mahlke ( sascha.mahlke@zmms.tu-berlin.de)

Dr. Gitte Lindgaard (gitte_lindgaard@carleton.ca)

Digital fudio Player Study

Fuestionnaire

Eefore we start:

How do you feel at the moment? How would you rate your mood?

Disagres Agee

conterted

rested

uneasy

bad

lethargic

calm

oo

tired

restless

urtoell

alert

OO0l 0iIoi 0000000
oloiocioicioioiololoioio
O 000000, 0,000}
OO0l 0iIoi 0000000
0 0iDi0{i0{0 000000

relaxed

Digital Audia Player Study

Questionnaires used in Study 3

Introduction

Welcome to the Human-Oriented Technology Lab and thank you for taking
part in this study

In this study we want to know your opinion on a portable audio player
design. During the experiment you will be interacting with one audio player
that we chose from a larger set. The design is displayed on a small screen
It is a very early prototype for future products, but you can already use it via
atouchscreen. You have about ten minutes time to test it.

Before testing the player you have to fill in 2 short questionnaire on the next
page and get some more instruction on the following pages. Then | will
present the player on the small display. You have to fill in a short
guestionnaire to describe your first impression of what you see. Than you
will be given a short description about how to use the player. During usage
you will be asked how you feel about the player you are using. After usage |
will ask you to fill in a few short questionnaires asking your opinion of the
player you have just tested. ¥YWe are interested in all aspects that might be
impartant for you for purchase and use the products. At the end of the
experiment you will also be asked to indicate any important aspects that
rnay not have been addressed in the questionnaires.

9

Lrigital Audio Flayer Study

Introduction

This is SAM: |—_L‘
]

[ =y B

SAM is anather way you can use o describe you feelings. You will use SAM later to
describe what you feel while you are using the interactive praducts presented in this
study. This description is to explain how itworks.

Feelings can be seen from two perspectives:

—» the sentiment of a feeling {positive or negative),
- the intensity of 2 feeling thigh ar low)

SAM describes your sentiment from a bright smile to raised eyebrows. This row
characterizes your senfment from very "safisfied" or "happy" o very "unsatisfied” or
"sad”

"satisfigd"

"unsatisfied"
“happy aad

The second row illustrates your arousal, that can reach from very "aroused" or "tense”
to very "calm" or "drowsy"

"aroused"”
“terse”

‘calm”

“crowsy

It is important that you do not use SAM to rate the product, but to describe your feelings
while you interact with the product You should do it spontaneously and immediately,
You describe vour feeling by marking the dot that most closely describes vour feeling in
each row as shown in the examples on the next page

>

Digital Audio Player Study
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Intraduction

Relaxed

Bared

Frightensd

Excited

Digital Audio Player Study

Questionnaire before usage

You can see the first design on the display now. Please answer the
following questions concerning your first impression of the prototype before

using it

The design of the product is

Disagree Agee
«o. rEativg Q L=} Q Q Q e} Q
aesthetic L] ) ] L] ] o ]
original L] ) ] L] ] o ]
.. pleazant o [s] o o o] [s] o
special o [s] o o o] [s] o
clear e} [&] o} e} e} [e] o}
symmetric e} [&] o} e} e} [e] o}
... fescinating o [s] o o o] [s] o
.. €lean o =} Q o o e} Q
... sophisticated ) o] o ) Q o] o

Digital Audic Player Study

Introduction

Before you start testing the portable audio player, let me remind you of the
things that are important during the study:

- YWe are interested in all aspects of the products that are important for
you when thinking of purchasing and using it
- Yhen you are asked to describe your present feeling with SAM,

please do this immediately

Do you have any further questions befare we start?

Digital Audio Player Study

Questionnaire

Wiie want to know maore about your emotional experience during the interaction with the
protatype. Please respond to the questions below by placing 3 check markin the
appropriate space for the respeclive scale. If a particular guestion does notmake sense,
please mark the circle "does not apply”.

Howw would you evaluate your usage of the product in gereral?
(Mate: To allowy sssessing ambivalent stustions, we ask you torespondto both scales)
aal moderately  exremely does not apply

pleasant o
unpleasant o
Yhile using the produet, did you think thet

notalal  moderalely  edremely  does not 3pply
wou veet e familiar with this type of intersction? o
tt met your expectations? o
While Lging the procuct, towhst extent did you think that one or more of the following factors

influenced your interactive experience with the system?
notatal  moderalely  edremely  does not 3pply

the behavior of the product? o
chance or special circumstances? ]
your owm behaviour? o
VWiEs your ovwn bebavior o
you have expected?

At thetime of using the product, did you think the intersction
notatall | modemtely  extramety  does not 3pply

syl bring akbout positive, desirable
outcomes for you e ., helping you toresch &
goal, giving pleasure, or terminating =n
unpleasant stustion)”

wacuild bring akbout negative, undesrable
outcomes for you (e ., preverting you from
reaching a goal or sdisfying a need, or
procucing unplessant feelings)?

could have been modinied by appropriate
action?

Q

Digital Audic Player Study
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Questionnaire

Pleage rats the product now!

Disagree Loyee
ke, 0 0 © o o 9 ¢
e iwatloe  © © © 0 0 0o o
TS 5 o o o o o o
e eiaioet, © © 0 0 0 0 0
hepotnay  © © © © o o o
bugiemons 0 0 © © o o o

The product’s functionality is
relevant for important tasks

THE i B the EROENE iE

easy 10r me to understand. ©c o 0 ©o 0 0o ©
cctomplanmpn e, © 0 0 0 0 o ©
Crverall T nndel;\;ﬁrnodmu;tl o o o o I B e
Iwrould use the"y:‘rﬁgﬁ, o o o o 5 o o

The design of the product is
Disagree Agee

creative

.. aesthetic

original

.. pleasant

special

clear

... Symmetric

.. faszinating

. clean

000000 00 00
cioioioicio oloiolo
CIOi0I0I0i0 00 0O
cioioioicio olioiolo
0,0i0i0;0;D 0|0 DO
cloioioiocio oioiolo
000000 00 00

sephisticated

Digital Audio Player Study

Gluestionnaire

Lges
Undecided

Dizaree

I'would recommend the product to my friznds. o]

Learning to use this product inttislly is difficut.

I sometimes don't knowwhat to do next with this procuct.

| sometimes wonder if I'm using the rigkt command.

Wiorking with this product s satisfeing.

The wey product information is presented is clear and understandable

There iz newer enough information on the display.

I feelin cherge of this produst when | sm using it

Twvould not like to use this product every day.

| can understand and act on the information provided by this product

Tasks can be performend in s straightforward manner using this proclct

The produt hes helped me avercome any problems | had using i

It is obvious that user needs have fully been taken into coresideration

The organization of the menus or information lists seems logical.

Learning how to use new functions is difficut.

There are oo many steps required to get something to woek,

It is easyto make the product do exactly what you want

Iwvill never learn to use all that is offered in this procuct.

Thiz product oocasiorally behaves in & way that can't be understood.

QOO0 00l 0000000000
Q{000 0;{0 DD 0000000000 0; O
oioiocioiocio oio oo oioioioioioclolololo

It iz easyto see &t a glance what the options are & each stape

g

Digital Audio Player Study

Questionnaire

I'think te productis ...

Ay o] o] o] o] o] o] o] challznging
nan-inclusive 8] o] 8] o] o] o] o] inclusive
practical o] o] o] o] o] o] o] Impractical
unexciting [s] [u] [s] [u] [u] [u] [u] exciting
uncontrollable o] o] o] o] o] o] o] manageshle
standard ) Q u} o] o] o] Q credive
islating o 0 o o 0 o 0 connecting
predictable [s] Q [s] Q Q Q Q unpredictable
ariginal o 0 o o 0 o 0 typical
presentable o] Q o] Q Q Q Q unpresentable
confusing o] o] o] o] o] o] o] clear
navel o] Q o] Q Q Q Q commonplace
cheap o] o] o] o] o] o] o] ExXpensive
cumbersome 8] o] 8] o] o] o] o] efficient
innavative o] o] o] o] o] o] o] carsen e
chassy [s] [u] [s] [u] [u] [u] [u] camman
human o] o] o] o] o] o] o] technical
COUrgeOUE [s] [u] [s] [u] [u] [u] [u] cautious
professional 0 0 o 0 o0 o o amateurish
simple [s] Q [s] Q Q Q Q camplex
ugly a] Q s} Q Q Q Q beautiful
goad o] Q o] Q Q Q Q bad

Digital udio Player Study

Questionnaire

Concluding, some guestions regarding your overall judgment, the situation and some
guestions regarding your person follow:

Wiy did you rate the product the way you did?

Wwihile using the product ..

et serios. O o] o] o] 1 et playful
UTeREE R TedlsEd ER T
the product a a o v attaining my gosls
Your age
Ofamale O male
Hawe you lived in Canada for mare than ten years?
Oyes Qno

If not, which country did you live in most of the time before?

Dovyou own a portable audio player?

Wihich one?

Digital Audic Player Study

Oyes
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[ Questionnaire

Do you have experience using mohile digital audio plavers and for how long?
Oyes Ona
years
Howy ofien do you use a computer?
O daily O several times aweek O one aweek O infrequently

Howy arty hours do you Use & Cornputer per week?

hours
Whatdo you think about yoursel?
Dizagree Aree
ERing products Wit SUBERor dEsign
makes me feel good about myself O
TTERjGY SEETTE diEplEvE B o ducEs tHRar
have superior design. e e e e e
A product's design is & source of pleasure
e Q Q Q Q Q
Bisalfifil produet desiors maks GUr world
= efter plce fo e, Sl nnll
Being able to see sublle differences in
product desions is one skill | have o o o o o
developed over time
T8 thifigs T & Frodust s design thar = 5 b P

other peoole tend to miss
I have the ahbilty to imagine howe & procuct
wdll fit inwwith designs of ather things | o o o o o
alresdy know
Ve & bkt Good ides shod what

makes one product look better than its o ) ) ) o
competitors.
Sometimes the vway @ procuct looks
seems toreech out and grab m O
TF & Broduers design really "Speaks o me,
1 fel thet | must buy . e w8 E
Wihen | s2e & product with areally qeat o o o o o

desion, | feel & strong urge to buy it

Digital Audio Player Study

Infarmed Consent: Digital Audio Player Study

This stady is pat of & poket in HananCanguter btsraction, sponsomd by the HOTLab o
Carletrn Untiversity. The Drircipal hvsstigeors is Sasche Maklke, Berbn University of
Tecmolgy, Genmary, and the prpet is spanscred by Dr. Gitle Lindgamd, Depatment of
Prychology, Carleton Universiy.

In this study we ars iterasted in your pinion shot pertable wndic player designs, The study
takes shout 40 rmes and takes place n cne of o labs. Drring the experiment yom will be
interacting with ome aadio player versiomthat we chose fiam.a lager set, The design is displayed
onasmall seren, It is 2 very esdy prototype of fuburs pandusts, bt you can abeady use if via
torachscmen, Yonwill be asked to test fhe andin plaer in the sessim. During the intesaction with
fhe andic plyers yon will be adred bowr you feel Thewafter you will be given 2 set of
questiomiaires asking your epinon sbout them We am intemsted in all aspects that might be
impentant: for you for when considezing purbesing andior using the Froducts. At the end ofthe
experiemmzt you will also be given m opporhmity to indicate ay importarnt aspects that were ot
addressed in the questimmies

Youwill rezive 1% g rising cmdit for yous paticipaion inthis study, During the stady 7o
huse the right to withdraw st sy point without penalty snd can skip sy questions vou do 7ot
wrish to asmer. [f you withdraw before completion of the study, yon axe stll stiled to receive
credit for your paticipation

The data callected fiom this stady will be used for research puposes culy; your idetity will be
Rapt stricly sroeycras, We will stors all the dsta wsing & coding system rather than using your
vurts. Data files will e destioymd as soou as we finish analyzing the dsta and 1o Later than byrthe
endof Jly 2007, Ho one axcept the sbave mentiomed rsearch team vrill have access to-the data
Present aticms resulting fican this study will met disclose the identiy of individual paticipants

Ifyou hae any questicms sbout fhe sty or about your 1ole and vights vithin the content of this
study, pleass oordactthe Principal vvestigator ar the Faculbyr Sponsor.

Sascha Mahlke Dr. Gitte Lindzaad
PhD student Professor and Chair, HOTLah
Phore: 6175 520 2600 ex 6628 FPhore: 613 520 3600 ex 2599

Exrail: sascha mahlhe(@amms tuberlinde Exmail; gitte_lndgaa@ealeton ca

1 you husvm ethizal concerms mgarding our study you can contact the departmartl chair and the
chair ofthe Caleton Usivezsity Ethies Corumittee $o7Psychabgical Research,

Dz Wary Gick Dr. Janet Mantlexr
Chair, Depatinent of Paychokogy Chair Ethics Cosunittes for Paymhokgical Research
Plome: 613 520 250 e 225 Plove: 613 520 2500 ex 4175

Exnail: may_gick@ealetonea Exnil: jaret_antkx@oaleton 2

Plass confim that you have vead the shove description of this project and hare meeived
‘persomal ecpy of this frm Please ackrovrledge that you agves to partbipate i fhis stady and
understand that you may weithdravr st strtime

Paticipast’s Signature: Date:

Inwestigator’s Signahre: Date:

In the exploration condition the following two pages were presented after Page 7:

| Description of the design ]

You can use the prototype of a portable audio player with your fingers via
the touch screen. Only the following controls can be used:

Display

Up-fDown-Button

Ok-Button
Back-Button

Information will be presented on the display. The Up-/Down Button can be
used to change the menu options. Using the OK Button you can choose an
option. The Back-Button can be usedta get from a submenu to a higher-
level menu

If you have further guestions regarding usage, please ask the investigator.
Overall you now have five minutes to explore the prototype. During that
time you will be asked three times — a message will pop up on the display —
tofill in the SAM scales an the next page.

%

Questionnaire during usage

Pleaze fill inthese SAM scales when the first message popgd up onthe display.
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In the task condition the following four pages were presented after Page 7:

‘ Description of the design |

You can use the prototype of a portable audio player with your fingers via
the touch screen. Only the following controls can be used

Display

Up-Down-Button — ]

[ OK-Bution
BackButton

Infarmation will be presented on the display. The Up-Down Button can be
used to change the menu options. Using the OK Button you can choose an
option. The Back-Button can be used to get from a submenu to a higher-
level menu.

If you have further questions regarding usage, please ask the investigator,
Qverall you are now given five tasks to explore the prototype. You have two
minutes to complete each task. The tasks are given on the next pages.
After each task you are asked to fill in the SAM scales

9

Digital Audio Player Study

Tasks

Third task

Please have a look which songs you find on the player in the
Genre Pop.

Flease fill in the SAM scale after you completed the task or the time is over.

= [rasp )
[j [ F]——L
25 e 2mb
ol oo RN oo RN OREORNORNO)

Fout task

Please change the sound setting of the player to CLASSIC.

Digital Audio Player Study

| Tasks

First task

Please set the playback mode to RANDOM ENDLESS.

Please fill in the SAM scale after you completed the task or the time is over.

oy o r___‘L _‘_ﬁ JJ 7

'—L [y L IJ o]

uﬁa__ﬂ

=]

Second task

The audio player is able to manage your contacts. Please find out if
any contacts are saved so far.

>

Digital Audio Player Study

Tasks

Fith task

The audio player can be also used to store data, You have to reserve
storage for the data. Please set the data storage to 1GB.

Please fill in the SAM scale after you completed the task or the time is aver.

Digital Audio Player Study
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Appendix E.3 Overview of the data for all dependent variables in Study 3

Canadian German

Goal Mode Action Mode Goal Mode Action Mode
Component &

Dependent variable Low Usability High Usability Low Usability High Usability Low Usability High Usability Low Usability High Usability

Low High Low High Low High Low High Low High Low High Low High Low High
Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes. Aes.

Interaction characteristics
No. of accomplished tasks (0-5) 3.4 3.3 4.5 4.4 - - - - 3.3 4.0 4.5 4.4 - - - -
Average time on task [s] 509 523 237 29.0 - - - - 486 452 26.6 30.0 - - - -

Quality perceptions
Perceived usability (0-8) 4,4 4.9 6.2 5.6 4.4 4.8 6.2 5.6 3.5 4.4 5.0 6.5 4.0 3.7 5.7 6.1
Perceived visual aesthetics (0-6) 3.5 4.9 3.7 4.8 3.0 4.2 3.5 4.7 3.2 4.7 3.2 4.6 3.0 4.0 3.2 4.6

Subjective feelings
SAM — valence (1-9) 4.3 4.7 5.8 5.3 4.2 4.6 5.6 5.4 4.9 5.0 5.0 5.7 2.7 3.3 4.5 5.2
SAM — arousal (1-9) 4.2 3.7 3.5 29 3.0 3.5 3.5 3.1 3.2 28 3.2 3.0 2.8 3.3 1.7 2.8

Cognitive appraisals

Pleasantness (1-5) 3.0 3.6 3.7 4.0 3.1 2.8 3.1 3.6 24 3.2 3.6 3.6 25 2.8 3.5 3.8
Novelty (1-5) 2.8 24 1.9 1.8 2.7 2.8 2.5 2.5 3.5 2.8 26 24 3.5 3.3 24 2.2
Goal relevance (1-5) 3.5 3.3 4.3 3.9 3.6 3.1 3.4 3.8 2.9 3.3 3.3 3.2 3.2 24 3.0 2.8
Coping potential (1-5) 3.4 3.7 3.9 3.6 41 41 3.7 3.7 29 3.5 3.5 3.0 4.1 3.6 4.0 4.0
Norm/self compatibility (1-5) 3.0 29 2.8 2.1 2.0 2.5 2.6 26 3.0 3.3 27 29 24 24 3.1 3.0

Overall judgments

Global rating (0-2) 0.9 1.3 1.6 1.4 0.8 0.8 1.1 1.4 0.8 1.2 1.1 1.4 04 0.8 1.1 1.4




Appendix E.4 Detailed results of Study 3

The following tables present the results of all analyses of variance of the four factors
USABILITY, VISUAL AESTHETICS, MODE, and CULTURE for all dependent variables (interaction

characteristics, quality perceptions, emotional user reactions, and overall judgments) in Study
3.

Analysis of variance for number of completed tasks (80 participants in goal-mode):

df F p n

CULTURE (C) 1 0.384 537 .005

USABILITY (U) 1 15.398 <.001*** 176

VISUAL AESTHETICS (A) 1 0.171 .681 .002

Cxu 1 0.384 537 .005

CxA 1 0.682 411 .009

UxA 1 0.682 411 .009

CxUXA 1 0.682 411 .009
ERROR 72 (1.172)

Note. Values enclosed in parentheses represent mean square errors. * p <.05; ** p <.01; *** p <.001

Analysis of variance for time on task (80 participants in goal-mode):

df F o n

CULTURE (C) 1 0.120 .730 .002

USABILITY (U) 1 25.415 <.001*** .261

VISUAL AESTHETICS (A) 1 0.001 .981 .000

CxU 1 0.049 .826 .001

CxA 1 0.069 794 .001

UxA 1 2.163 146 .029

CxUxA 1 0.016 .899 .000
ERROR 72 (6335.279)

Note. Values enclosed in parentheses represent mean square errors. * p <.05; ** p <.01; *** p < .001
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Analysis of variance for perceived usability:

df F p n
CULTURE (C) 1 1.546 .216 .011
MoDE (M) 1 0.007 .935 .000
USABILITY (U) 1 28.101 <.001*** .169
VISUAL AESTHETICS (A) 1 1.101 .296 .008
CxM 1 0.037 .848 .000
CxU 1 1.005 .318 .007
MxU 1 0.033 .856 .000
CxMxU 1 0.004 .950 .000
CxA 1 1.443 .232 .010
MxA 1 0.932 .336 .007
CxMxA 1 0.677 412 .005
UxA 1 0.284 .595 .002
CxUxA 1 1.986 161 .014
MxUXxA 1 0.002 .967 .000
CXMxUXA 1 0.008 .928 .000
ERROR 138 (3.390)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for perceived visual aesthetics:

df F p n
CULTURE (C) 1 4.739 .031* .032
MoDE (M) 1 0.956 .330 .007
USABILITY (U) 1 0.900 .344 .006
VISUAL AESTHETICS (A) 1 63.991 <.001*** .309
CxM 1 0.516 474 .004
CxUu 1 0.207 .650 .001
MxU 1 2.629 107 .018
CxMxU 1 0.025 .874 .000
CxA 1 0.078 .780 .001
MxA 1 0.644 424 .004
CxMxA 1 0.025 .874 .000
UxA 1 0.178 .673 .001
CxUxA 1 1.015 .316 .007
MxUXxA 1 0.323 571 .002
CXMxUXA 1 0.155 .695 .001
ERROR 143 (1.161)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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Analysis of variance for the overall rating:

df F p n
CULTURE (C) 1 3.098 .081 .021
MoDE (M) 1 8.052 .005** .054
USABILITY (U) 1 25.166 <.001*** 151
VISUAL AESTHETICS (A) 1 8.052 .005** .054
CxM 1 0.290 .591 .002
CxU 1 0.090 .765 .001
MxU 1 2.312 131 .016
CxMxU 1 0.850 .358 .006
CxA 1 1.085 .299 .008
MxA 1 0.063 .802 .000
CxMxA 1 0.156 .693 .001
UxA 1 0.988 322 .007
CxUxA 1 0.024 877 .000
MxUXxA 1 1.830 178 .013
CXMxUXA 1 1.830 178 .013
ERROR 138 (0.299)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for subjective feelings (valence) / absolute values:

df F p n
CULTURE (C) 1 3.815 .049* .026
MoDE (M) 1 8.226 .005** .054
USABILITY (U) 1 22.072 <.001*** 133
VISUAL AESTHETICS (A) 1 1.390 .240 .010
CxM 1 5.643 .019** .038
CxU 1 0.003 .958 .000
MxU 1 2.343 128 .016
CxMxU 1 2.133 146 .015
CxA 1 0.937 .335 .006
MXxA 1 0.226 .635 .002
CxXxMxA 1 0.003 .958 .000
UxA 1 0.226 .635 .002
CxUxA 1 1.308 .255 .009
MxUXA 1 0.003 .958 .000
CXMxUXA 1 0.112 .739 .001
ERROR 144 (2.243)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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Analysis of variance for subjective feelings (arousal) / absolute values:

df F p n
CULTURE (C) 1 7.516 .007** .050
MoDE (M) 1 2.145 145 .015
USABILITY (U) 1 2371 126 .016
VISUAL AESTHETICS (A) 1 0.013 910 .000
CxM 1 0.114 .736 .001
CxU 1 0.001 .970 .000
MxU 1 0.013 910 .000
CxMxU 1 3.386 .068 .023
CxA 1 1.355 .246 .009
MXxA 1 3.386 .068 .023
CxXxMxA 1 0.238 .626 .002
UxA 1 0.013 910 .000
CxUxA 1 1.028 312 .007
MxUXA 1 0.069 .793 .000
CXMxUXA 1 0.408 .524 .003
ERROR 138 (1.969)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for subjective feelings (valence) / relative values:

df F p n
CULTURE (C) 1 0.719 .398 .005
MoDE (M) 1 1.667 199 .011
USABILITY (U) 1 14.469 <.001*** .091
VISUAL AESTHETICS (A) 1 5.156 .025* .035
CxM 1 5.783 .017* .039
CxUu 1 0.661 417 .005
MxU 1 0.184 .669 .001
CxMxU 1 2.271 134 .016
CxA 1 0.854 .357 .006
MxA 1 0.266 607 .002
CxMxA 1 0.364 547 .003
UxA 1 0.908 .342 .006
CxUXA 1 0.931 .336 .006
MxUXxA 1 0.000 .993 .000
CXMxUXA 1 1.246 .266 .009
ERROR 144 (3.270)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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Analysis of variance for subjective feelings (arousal) / relative values:

df F p n
CULTURE (C) 1 1.730 .190 .012
MoDE (M) 1 0.003 .960 .000
USABILITY (U) 1 1.543 .216 .011
VISUAL AESTHETICS (A) 1 1.366 .244 .009
CxM 1 0.459 499 .003
CxU 1 0.514 475 .004
MxU 1 0.806 .371 .006
CxMxU 1 1.200 275 .008
CxA 1 0.987 322 .007
MXxA 1 2.255 135 .015
CxXxMxA 1 0.826 .365 .006
UxA 1 0.393 532 .003
CxUxA 1 0.607 437 .004
MxUXA 1 0.022 .884 .000
CXMxUXA 1 0.111 .740 .001
ERROR 138 (3.486)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for intrinsic pleasantness (cognitive appraisals):

df F p n
CULTURE (C) 1 1.384 .241 .010
MoDE (M) 1 2.571 11 .018
USABILITY (U) 1 21.426 <.001*** 130
VISUAL AESTHETICS (A) 1 4.049 .046* .028
CxM 1 1.796 182 .012
CxU 1 2.316 130 .016
MxU 1 0.013 910 .000
CxMxU 1 0.194 .660 .001
CxA 1 0.046 .831 .000
MXxA 1 0.496 483 .003
CxMxA 1 0.077 .782 .001
UxA 1 0.038 .845 .000
CxUxA 1 1.026 313 .007
MxUXA 1 2.779 .098 .019
CXxMxUXA 1 0.087 .768 .001
ERROR 144 (3.714)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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Analysis of variance for novelty (cognitive appraisals):

df F p n
CULTURE (C) 1 7.533 .007** .050
MoDE (M) 1 1.623 .205 .011
USABILITY (U) 1 21.004 <.001*** 128
VISUAL AESTHETICS (A) 1 1.428 .234 .010
CxM 1 1.366 244 .009
CxU 1 1.829 178 .013
MxU 1 0.029 .865 .000
CxMxU 1 1.759 187 .012
CxA 1 0.414 .521 .003
MXxA 1 0.774 .380 .005
CxXxMxA 1 0.021 .885 .000
UxA 1 0.145 .704 .001
CxUxA 1 0.091 .763 .001
MxUXA 1 0.290 .591 .002
CXMxUXA 1 0.001 .990 .000
ERROR 138 (3.999)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for self/norm compatibility (cognitive appraisals):

df F p n
CULTURE (C) 1 13.059 <.001*** .084
MoDE (M) 1 3.356 .069 .023
USABILITY (U) 1 3.356 .069 .023
VISUAL AESTHETICS (A) 1 1.086 .299 .008
CxM 1 0.028 .867 .000
CxU 1 1.086 .299 .008
MxU 1 0.598 441 .004
CxMxU 1 0.346 .557 .002
CxA 1 0.000 .987 .000
MXxA 1 0.387 535 .003
CxXMxA 1 1.900 170 .013
UxA 1 0.387 535 .003
CxUxA 1 0.191 .663 .001
MxUXA 1 2.713 102 .019
CXxMxUXA 1 0.001 .987 .000
ERROR 144 (1.085)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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Analysis of variance for goal conduciveness (cognitive appraisals):

df F p n
CULTURE (C) 1 0.868 .353 .006
MoDE (M) 1 7.864 .006** .053
USABILITY (U) 1 0.249 .619 .002
VISUAL AESTHETICS (A) 1 0.007 .933 .000
CxM 1 1.233 .269 .009
CxU 1 1.014 .316 .007
MxU 1 1.836 178 .013
CxMxU 1 1.033 311 .007
CxA 1 0.007 933 .000
MXxA 1 1.192 277 .008
CxXxMxA 1 0.567 453 .004
UxA 1 0.268 .606 .002
CxUxA 1 0.108 742 .001
MxUXA 1 1.836 178 .013
CXMxUXA 1 0.459 499 .003
ERROR 138 (3.414)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001

Analysis of variance for coping potential (cognitive appraisals):

df F p n
CULTURE (C) 1 1.664 199 .012
MoDE (M) 1 1.386 .241 .010
USABILITY (U) 1 0.027 .871 .000
VISUAL AESTHETICS (A) 1 0.003 .960 .000
CxM 1 0.004 .950 .000
CxU 1 0.251 617 .002
MxU 1 4.374 .038 .030
CxMxU 1 0.031 .861 .000
CxA 1 0.151 .698 .001
MXxA 1 0.161 .689 .001
CxXxMxA 1 1.133 .289 .008
UxA 1 0.546 461 .004
CxUxA 1 0.251 617 .002
MxUXA 1 0.004 .950 .000
CXMxUXA 1 0.003 .960 .000
ERROR 144 (1.954)

Note. Values enclosed in parentheses represent mean square errors. * p < .05; ** p <.01; *** p <.001
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