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Abstract:

Including users in design processes
has become more and more popu-
lar, but may provide a risk factors, as
users might not know what makes a
product influences their experience.
To investigate how a product impacts
the user’s experience without having
the user evaluate the product, this re-
search will focus on creating a frame-
work and methods for connecting the
design world to the experience world,
while keeping them separate in stud-
ies. The problem is explored by de-
veloping methods for deriving rele-
vant product attributes and user ex-
perience aspects and through these,
relate the products to the user ex-
perience. The comparison is made
through a multivariate analysis.

The content of this report is freely available, but publication (with reference) may only be pursued

due to agreement with the author.
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Danish summary

Rapporten omhandler en undersggelse af brugercentreret design, med fokus
at inddrage brugeren bedst muligt i produktdesign. Undersggelsen baseres pa
hypotesen at sammenhaengen mellem oplevelsen ved brug af et produkt (user
experience) og produktets attributter er for kompleks til at brugere kan beskrive
denne sammenhaeng i et klassisk brugerstudie. | stedet foreslas et framework,
hvor produkt og oplevelse holdes adskilt i evalueringen. Brugeren evaluerer op-
levelsen med produktet og eksperter i produktets design evaluerer produktet.
Herefter sammenlignes resultater igennem en multidimensionel analyse for at
skabe sammenhange imellem produktet og oplevelsen.

Til undersggelsen tages udgangspunkt i en case om produktkategorien injek-
tionsenheder og brugere af disse, i samarbejde med Novo Nordisk A/S. Novo
Nordisk har udviklet denne type produkter i mange ar, og arbejder stadig pa at
videreudvikle inden for produktkategorien.

Sammenligning af oplevelser og produkter kraever en udledning af produktets
attributter samt udledning af aspekter af en brugeroplevelse. Hertil udvikles,
som en del af undersggelsen, metoder til udledning af produkters attributter og
aspekter af brugeroplevelser. For udledning af produkters attributter udvikles en
workshop (Word Elicitation Workshop) med det formal at skabe en udtemmen-
de liste af produkt attributter som definerer produktet pa et rent beskrivende,
ikke-evaluerende plan. Dette gores gennem en sammensaetning af anerkendte
metoder, heriblandt fokusgruppeinterviews og semantic differentiation. Slutteligt
kondenseres listen.

Interviews med eksperter inden for brugeradfeerd i den gaeldende produktkate-
gori sammenlignes med adfeerdspsykologi i form af behovsopfyldelse for udled-
ning af en reekke oplevelsesaspekter, som beskriver de behov og mal som bru-
gere agnsker opfyldt for at opna en positiv oplevelse. Her fokuseres pa hvordan
brugere af det specifikke produkt oplever verdenen, for at kunne udlede aspek-
ter af brugeroplevelsen, som beskriver de behov som den faktiske bruger har.
Bade produktattributter og brugeroplevelsesaspekter evalueres igennem tests,
hvor et antal produkter evalueres af henholdsvis produkt eksperter og brugere.

Sammenligning af resultaterne foretages igennem en multidimensionel analy-
se, hvor produktattributter og brugeroplevelsesaspekter samt evalueringer af
oplevelsens kvalitet sammenlignes igennem en Principal Component Analysis,
hvorved sammenhaenge mellem produktattributter og oplevelsesaspekter kan
udledes. Slutteligt kan preference mapping anvendes pa det udledte data, til at
pin-pointe brugernes praeference i det principal component-rum, som er udvik-
let igennem principal component analysis.



Metodologien udviklet i denne undersggelse beerer lovende tendenser i for-
hold til at skabe meningsfulde sammenhaenge mellem produkter og oplevelser,
imens brugeren afholdes fra at evaluere produkterne. Dog kreeves validering,
eksempelvis igennem anvendelse i en sammenligningstest eller et starre stu-
die, idet studiet udfert i denne undersggelse, foretaget for at evaluere metoden,
ikke giver den ngdvendige evidens for at konkludere hvorvidt metoden skaber
et bedre resultat end eksempelvis et mere klassisk brugerstudie med efterfol-
gende interview.
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Chapter 1

Products, their users, and the
study of them

Asking users to evaluate the use of a product can force them
to connect their experiences and the product, to evaluate
how the product affected their experience. But can we trust
users to be able to relate an experience with the relevant
elements of the product, enabling the developers to improve
the design? Do users know which elements of the product
that produced value in use? And if so, can they verbalise

such a relation in a way so that designers can design from
it?
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1.1 User evaluation of product design

Research suggests that users do not evaluate a product's value or quality solely
on it's instrumental or utilitarian qualities, but also on emotional or hedonic quali-
ties [Hassenzahl et al., 2000]. This notion has gained support and focus through
the evolution of the eld of User Experience (UX) and Experience Design (for
description and discussion on the eld of UX, see appendix A). These elds

of research and design focus on products in context "putting experience before
functionality" [Hassenzahl, 2010, page vi], or in other words to evaluate a user's
full experience when using a product rather than just the instrumentals of the
product. The rationale behind experience design is that users do not nd value
in product attributes as such, but rather in the experience that the the product
hopefully aids in making more pleasurable [Roto et al., 2011].

But how do we then provide user feedback to products when focusing on the
experience, as designers' only touch point with a user's experience is through
the product? [Crilly et al., 2004]. One way to do it is to make the user explain
the connection. However, this can cause problems, as the user may experience
latent needs, that is needs which the user is not aware of or know exist [Kraft,
2012, p.30-31]. Thus, users will react on needs they are not aware of, and thus
cannot explain, while they may try, if asked: An example of such unsuccess-
ful attempt of explaining experience with product attributes can be seen in the
use of injection devices for treating diabetes, where users relate their fear to
the needle which goes into the body and delivers the medicine [Nordisk, 2017].
But research suggest that the needle is not responsible for the fear, which ac-
tually stems from very different sources, such as fear of the the disease, sense
of helplessness or lack of understanding [Peyrot et al., 2013; Osterberg and
Blaschke, 2005]. However, all of this is placed on the needle, which delivers the
medicine, as this is the physical manifestation of the very abstract paradigm of
living with diabetes [Nordisk, 2017]. So, even though users say that the emo-
tion is related to the needle, would the bad feeling go away if the needle was
removed? Probably not [Nordisk, 2017]. How an experience could be better or
worse, and thus, how an experience could be improved cannot be explained by
the user directly by asking them.

Conclusively, having users describe and evaluate products directly by analysing
the product and project their emotional experience onto the product is not a per-
fect way of evaluating the product, nor provide input for innovating it.

The other way of getting valuable information from the users is to ask them
about or observe their experience without relating it to the product, as is the
methods used by e.g. antrhopologists. Then it is up to the researcher to anal-
yse the result to answer how this might in uence the design-solutions. As sug-
gested "What is, thus, needed is design-oriented knowledge of the relationships
between interaction attributes and experiences.” [Lenz et al., 2014], or in other
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words: the link between products and the following experience is where the
value lies for designers of products.

If the connection to how product attributes, not only related to the interaction
but also visual expression, in uence the experience can be mapped, design-
ers would be able to evaluate the product's value to the user, and therefore
provide better conditions for proactively and reactively understand design de-
cisions' effect on experience, while allowing users to evaluate an experience
without having to make a design analysis of the product in hand.

1.2 Problem de nition

This leads to the following focus questions, which this research will try to an-
swer:

Is it possible to create a method that connects product attributes to user
experiences, without having users do the connection?

This question poses several sub-questions:

What is product attributes, how is a product's attributes derived, and what
are a speci ¢ product's attributes?

What is user experience, what are the aspects of a user experience rele-
vant to the experience of a speci ¢ product, and how are these derived?

Are there any relation between product attributes and the user experi-
ence? If so, how can this relation be explained without asking the users
to do so?

This research will focus on developing and evaluating methods for extracting
product attributes and explore user experience. To connect product attributes
and user experience, a method is developed, with the goal of explaining such
connection. The methods will be developed through examination of relevant
theory and applied methodology, to create a reliable framework.

To exemplify the approach, injection devices used for treating various diseases
with injected medicine is used as a case in collaboration with Novo Nordisk A/S.
First, however, an analysis is made of the research done on explaining the con-
nection between attributes and experiences, to use is as base for the research.



Chapter 2

Relationship between product
attributes and user behaviour

To understand the relation between experience and product
attributes, previous frameworks are reviewed and discussed.
Here, the framework proposed by Crilly et al. [2004] will used
as a reference point, as this theory includes the entire span
from product to experience. A discussion is made by com-
paring other theories and frameworks, to enable an evalua-
tion of the theory applicable in the current research.
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2.1 Products, experiences and behaviour - an integrated
conceptual framework

Based on a literature review, Crilly et al. [2004] suggests a semiotic way of look-
ing at product design, as a channel for designers to communicate to consumers.
From this perspective, Crilly et al. [2004] continues to form a framework, sug-
gesting which product aspects and physiological and psychological elements to
take into account, to make functional and pleasing designs.

For the description of the framework, Crilly et al. [2004] is used as reference,
also when the framework cites other authors. In the following discussion of the
framework, the relevant theory will be applied to the topics of the framework.
The framework, visualised in gure 2.1, takes base in the four fundamental parts
of communication that is source (design team), transmitter (product), receiver
(perception through senses), and destination (response, divided into cognition,
affect and behaviour) . The channel through which the communication is done
is in this framework seen as the environment in which the product is perceived
[Crilly et al., 2004]. While focusing solely on the visual element of design, Crilly
et al. [2004] suggests that the framework should t on other senses as well.

Figure 2.1: A framework presenting the connection between products users and reactions. Fig-
ure adapted from Crilly et al. [2004]
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The framework opens up for the four parts of communication by reviewing re-
search done on the speci ¢ subjects. With the scope of linking product features
with experiences, only the relevant parts of the framework will be discussed.
Therefore, the design team will for now not be a focus point, as this lies be-
fore (or after) the connection of products and experiences. (The following is all
based on the framework presented in Crilly et al. [2004], and thus, citations will
not be made throughout the description).

Product: 7 visual categories are enlisted, which should include any objective
physical aspect of a product from a visual perspective. These are geometry, di-
mensions, textures, materials, colours, graphics and detailing. Additional to this
is production quality related elements such as tolerances, ageing, and nish,
which can be said to be included by the aforementioned seven categories, but
are categorised by itself as they are deviations to the product as intended by
the designer.

Senses: For the senses, vision is the main interest, but touch, taste, smell
and hearing are listed as well. Crilly et al. [2004] retain from discussing percep-
tual theory, and lists only the conventional ve senses. Sensual disabilities are
added as individual differences for each user. For vision, these are visual acuity,
range of vision and colour vision. However, each sense have different ways to
be compromised.

Cognition response: The cognition response, meaning the processing of the
stimuli, is split into three aspects:

Aesthetic impression is the attractiveness of the product based on purely
artistic (or beauty) attributes. The aesthetic impression can be seen as creating
a perfect balance between opposing factors, some subjective and others objec-
tive. Based on literature, a further separation into information and concinnity
can be made. Information in this context relates to all the elements that arouse
the user, like contrasts and novelty. Concinnity relates to the connection and
completeness of the presented information. In total, this provides four elements
of aesthetic.

objective information can be seen as contrasts, which creates perceptual
cues. Contrasts can be both to the environmental background or to the
product itself.

subjective information can be seen as how much the product deviates
from the known and expected.

objective concinnity can, based on cognitive theories such as gestalt psy-
chology, be seen as how well the order is perceived in the product (e.g.
symmetry).
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subjective concinnity is what makes sense in a product, not related to the
product or human capabilities, but to the users expectation and knowl-
edge.

The concinnity and information should weight each other up in the end to make
aesthetically pleasing products. If concinnity is higher than information, prod-
ucts are seen as dull, while if information is higher, product are seen as confus-
ing and ugly. In well designed products, the aesthetics make products engaging,
comprehensible and attractive at once [Crilly et al., 2004].

Semantic interpretation is what the product says about it's functionality. Per-
ception of functionality and utility stems from the semantic interpretation of the
product. Four categories of semantic product qualities are listed:

Description presents the product's purpose, modes and usages. The de-
scriptive part of semantic interpretation can be seen as the product's signi-
ers for actions. These description semantics can further be seen through
constraints towards what is possible, meaningful and acceptable to do
[Norman, 2013, page 125-130].

Expression presents the properties of the product itself, like whether it is
fragile, dense or robust.

Exhortation presents speci ¢ action requests from the product to make
users act upon.

Identi cation presents what the product is made of and where it comes
from, like e.g. brands or metallic surfaces.

Symbolic association is what the product says about the one who uses it.
Opposed to semantics, which can be seen as the denotation, symbolic associa-
tions are related to connotations or what is implied in the product. Both inwards
and outwards association occurs, as products imposes identity on the users, as
well as products project the identity on others. Two types of symbolic associa-
tions are self-expressive and categorical:

self-expressive symbolic association is related to differentiate from other
people, by highlighting speci ¢ values or attributes.

categorical symbolic association is related to integrating with other people
in groups or social positions.

Affective response: The affective response, or the emotional response, is
splitinto ve categories:
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Instrumental emotions is related to the evaluation of how the product will
aid you in achieving goals (e.g. dissapointment and satisfaction)

Aesthetic emotions is related to the pleasantness of the stimulation in itself
(e.g. disgust and attraction)

Social emotions is related to whether the product is seen as complying to
socially accepted standards (e.g. indignation and admiration)

Surprise emotions is related to novelty (e.g. amazement).

Interest emotions is related to a sense of challenge and promise (e.g.
boredom and fascination) [Crilly et al., 2004]

Behavioural response: The behavioural response, or how the users will act
towards the product, is seen as one-dimensional: Approach or avoid. This re-
lates to whether a product will be e.g. used, investigated, bought (approached)
or ignored, abused, or hidden (avoid).

Context of consumption: To further explore the interaction, Crilly et al. [2004]
describes how elements not present in the current environment still in uence
the interaction. Here, three focus points are visual references, cultural in u-
ences and situational factors. From within the consumer, personal characteris-
tics will in uence as well.

Visual references:  People use references to understand products, like alike
products or known shapes. Visual references assists users in the cognitive
part of the response, by relating the perceived product to previous experiences
and learning. Six types of visual references are noted as stereotypes, similar
products, metaphors, characters, conventions and cliches.

Stereotypes are the mental image of how a product class looks. If a
product looks like the prototype mental image, users will have a better
visual reference, and therefore easier recognise the product as being in
this product class, and thereby get expectations towards e.g. functionality.

Similar products are aiding users, if a product is recognised as similar
to other speci ¢ products (not stereotypes) either recent or iconic ones,
recognisable for the user, from which the product class is recognised.

Metaphors is references to other things, not related to the product or prod-
uct classes. This can be used to create analogies to familiar settings,
suggesting similar action patterns or possibilities.

Character of a product is related to "who" the product is, by giving charac-
teristics that makes users relate it to something emotional or meaningful
like living things.
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Conventions is references to things that are culturally accepted in general
as the way things are. If a product reacts as things usually does, it refers
to the same meaning.

Cliches are related to using references from other products in a way that
suggests lack of novelty, originality and innovation.

Cultural in uence: The notion of trends, taste, styles, and fashion gives a
cultural bias towards what is seen as pleasing and beautiful, in the present time
by present people.

Situational factors: Users' motivation in the situation of experience may al-
ter the response, as well as opportunities for continuous consumption. Finan-
cial constraints and whether a product compliments existing possessions in a
meaningful an nice way will as well affect the experience.

Environmental distractions Coming from a background, from which the prod-
uct has low contrast will make the product less clear to perceive. Further, if time
available to explore the product is insuf cient, some impressions like aesthetic

ones will be quicker received than semantic interpretations. Thus, time of ex-
ploration will also affect what is perceived and understood.

Personal characteristics are de ned as age, gender, previous experiences
and personality (self-con dence, social aspiration and ideologies).

Crilly et al. [2004] argue that separations of categories within the different frame-
work elements are arti cial, and only relevant in relation of analysis, while users
likely will not have this categorisation. Further, designing with focus on single
elements of senses or cognitive responses might be worse than designing by
intuition and experience [Crilly et al., 2004]. While the framework only brie y
touches expectations in the context of aesthetics and the notion of previous
experiences, the framework does not touch the dimension of multiple use and
changes in experience over time. As suggested by Law et al. [2009], UX can
be very different based on when it is assessed. The framework suggests ve
ways of how a product affects experience, as the interpretation, impression and
association of a product, cause affect in the user through an evaluation of instru-
mental, aesthetic, social, surprise and interest value. However, the framework
expresses little about how this evaluation happens.

The visual references, presented by Crilly et al. [2004], are much related to un-
derstanding products meaning and the subjective part of aesthetics, and are
thus not emotionally loaded, except for cliches, which is the negative appraisal
of speci c attributes. Based on the presented model, this emotional response
should be covered by the affect phase, while the rest of the visual references
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can be set to relate directly to the cognition phase of the response.

Input from other senses are, suggestively, also evaluated through comparison
with internal references, however maybe fundamentally different [Yost et al.,
2008, page 18-19]. From sound source identi cation comes e.g. the notion of
how expectations towards the likelihood of objects to be perceived will frame
the references used to recognise objects [Yost et al., 2008, p.18]. Therefore,
the framework presented is assumed to be representative for experiences in
general, and not just visual experiences.

2.2 Product experiences as affect

Desmet and Hekkert [2007] has made a framework of product experiences,
looking at experiences as affect. relating the framework to the work by Crilly
et al. [2004], the behavioural element is further explored, by looking at the man-
ifestations of experiences. Experiences manifest in people through

Subjective feelings (feeling angry or happy),

Behavioural reactions (Fleeing or ghting),

Expressive reactions (Smiling or laughing), and

Physiological reactions (Sweat production) [Desmet and Hekkert, 2007].

This framework focuses solely on exploring the aspects of what they call product
experience [Desmet and Hekkert, 2007], and not on the product aspects. It
further incorporates all senses, and not just vision, compared to Crilly et al.
[2004].

Desmet and Hekkert [2007] categorise product experience into three part:

aesthetic experience, which is how the senses are grati ed
experience of meaning, which is what meaning we attach to the product

emotional experience, which is feelings and emotions elicited from the
product

Desmet and Hekkert [2007] further create a hierarchy between the three, by
suggesting that Aesthetic and meaning experience leads to emotional experi-
ence.

Whereas Crilly et al. [2004] sees aesthetics more or less as a synonym with
beauty, including meaningfulness and expectations as factors of aesthetics,
Desmet and Hekkert [2007] propose two possible hypothesises: One equal to
Crilly et al. [2004], and one, where aesthetics are perceived on a visceral level,
a process level without any cognition or emotions. Conclusively, one includes
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aesthetic evaluation in cognition, and one does not, looking at cognition from a
traditional psychology point of view. Further, Desmet and Hekkert [2007] pro-
poses the option of separating appraisal of aesthetics from appraisal of mean-
ing, into intrinsic pleasantness.

Desmet and Hekkert [2007] collect Crilly et al.'s semantic interpretation and
symbolic association in one group, called experience of meaning, and express
the in uence of individual and cultural differences on this category, along with
contextual dimensions.

Desmet and Hekkert [2007] further relate the emotional experiences to the be-
havioural response of approach or avoid, as pleasant emotions pulls us to the
source, while unpleasant emotions pushes us away from the source. Appraisal
in this framework is an evaluation of stimulus (e.g. product) to situation and
person (e.g. user), to produce a response, or what Desmet and Hekkert [2007]
calls product emotions. The evaluation is based on some internal evaluation
scheme of concerns and desires, in a given situation (see gure 2.2). [ "In short,
appraisal is an evaluation of the signi cance of a stimulus for one's personal
well-being” [Desmet and Hekkert, 2007]]. Crilly et al. [2004] try to explain the
result of the appraisal in the form of emotional affect through the product's instru-
mental, aesthetic, social, surprise and interest value, but does not touch upon
what happens in the appraisal. From appraisal theory, a structure is proposed,
where the product and the user's concerns together form a situational appraisal
through a form of comparison based on internal understanding of bene ts and
possibilities, from which emotions arise [Desmet and Hekkert, 2007]. Here,
concerns are de ned as ” goals, motives, well-being, or other sensitivities”.

Figure 2.2: Development of Product emotions (adapted from Desmet and Hekkert [2007]).
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