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Professors Hannu Saarelma and Pirkko Oittinen, long-time leaders of what was 
back then the Laboratory of Media Technology at the Helsinki University of 
Technology, were in a central role in setting me on a path to become a research 
scientist (and, eventually, a doctor). They hired me as a research assistant back 
in the summer of 1998, giving me hugely interesting things to do in the inspiring 
world of colors and images. It was Hannu that first suggested to me, when I was 
wrapping up my Master’s thesis on automatic illumination-based color adjust-
ments in digital photography in 2000, that I could start post-graduate studies, 
saying something along the lines of: “You’ve got what it takes.” I was flattered 
and intrigued but my answer back then was no, or not yet. But I kept thinking 
about it, and in 2003, after having hopped over to VTT in 2001, talked to Pirkko 
about it and started part-time post-graduate studies under her supervision as 
another kind of a hobby, along with my numerous other hobbies and interests, 
and the daytime job of doing various kinds of research projects at VTT. With 
Pirkko I devised a rough initial sketch of the topic of my doctoral thesis. I set 
about taking post-graduate courses in my own relaxed pace whenever I had time 
and felt inspired to do so, also publishing scientific texts every now and then, 
mostly conference papers at first, with a thought that some of them might end 
up in my doctoral thesis. I would like to gratefully acknowledge the inspiration, 
support and encouragement from Pirkko and Hannu over the years. 

A few years ago, before Pirkko retired, we had a good long discussion that 
helped me to refine the story I wanted to tell, so to speak, in my doctoral thesis. 
It also started to seem like I had completed all my post-graduate courses by that 
time. After a while, I went to talk to professor Tapio Takala at what was now 
Aalto University about my plans and publications: he saw a doctoral thesis in 
there and stepped in as my supervisor. Inspired by our discussion, I applied for 
a study leave and funding from VTT for completing the last two journal papers 
and the summary part of this thesis. I would like to thank Tassu for his active 
role and encouragement at the final stages of putting this thesis together. 

Research team leader Olli Nurmi and head of research area Helene Juhola 
hired me to VTT in 2001. As my long-time team leader, Olli did a lot of work in 
setting up the projects in which I had the opportunity to lay the foundations for 
this work. We also later collaborated in the field of digital library services and 
social reading – Publication 3 of this thesis is one of the results of that work. I 
would like to thank Olli for long-time collaboration. I would also like to thank 
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Helene for her enabling role in different managerial positions, first at VTT and 
later in the leadership team of the Next Media research program and at 
Viestintäalan tutkimussäätiö. 

When my current team leader Anu Seisto and her team from KCL joined VTT, 
I soon started collaborating with Anu and especially Maiju Aikala and Aino 
Mensonen in several studies, including both research projects and commercial 
work, that were instrumental in outlining and refining the approach of this 
work. Publication 2 of this thesis is one example of the work we did together. It 
has been a joy to work and travel with you (or be sent by you) to distant places 
– thank you! Beyond research collaborations, Anu has been instrumental in 
making things work in practice, helping to find the time for putting this thesis 
together between the demands of day-to-day project work. Warm thanks and 
hugs! 

Throughout my years at VTT, Caj Södergård has always been nearby, first as 
the leader of a neighboring team, then as the head of research area, and now as 
a research professor. Caj has a long and wide perspective to ICT research, and a 
good understanding of how my work has evolved through the years, starting 
with the illumination-adaptive interactive TV demo we did for the Multimedia 
Home Platform, based on Publication 1 of this thesis, with Mikko Kojo and Otto 
Korkalo. Thus, he was the perfect person to be my instructor in this doctoral 
thesis. Caj also runs the Doc Study Circle of our research area at VTT, which has 
been a source of inspiration for this work specifically and for science and re-
search work generally. Thank you! 

Collaboration with many coworkers and colleagues, past and present, from 
VTT and research partners in universities and companies, have helped, facili-
tated and inspired my work. You are too many to mention here, but I would like 
to collectively thank you all. 

I would specifically like to thank Ismo Heikkilä, with whom I had the pleasure 
to work with on many interesting and challenging cases related to images, color, 
and vision – from color quality control to stealth technology. We also shared 
many discussions and ideas on multivariate data analysis that contributed to the 
evolution of the approach described in this thesis. 

I had the privilege of having two very knowledgeable pre-examiners, profes-
sors Göte Nyman and Kjell Brunnström, who took a close look at the manuscript 
of this thesis from different perspectives. Their thoughtful comments were very 
valuable in fine-tuning the text. Thank you for your time and effort. 

At the time of writing this foreword (2017), Pablo Cesar has just honored me 
by agreeing to act as my opponent when I defend this thesis in November. Thank 
you very much in advance. Looking forward to an interesting discussion and an 
exciting day. 

A very special thank you goes out to the fine gentlemen in our little culture 
club made of past and present colleagues, some retired, and some passed away: 
the long, versatile, in-depth, inspired, sometimes heated, and usually late-night 
discussions have been inspirational in many ways. More importantly, they have 
been fun. Tapo Leppänen and Timo Kuula are among central characters in those 
circles. They are also my co-authors in publications of this thesis. Thank you for 



5 

keeping it real. Big thanks also to Tapo and the Devil Dog Road for keeping 
rock’n’roll alive, and for agreeing to raise hell at Poliisien Maja on 9 November. 
(You’re not seriously going to play jazz, are you?!). 

Thank you to all the great guys of my past and present football teams (SaBo, 
HC Pelimiehet, FC Levottomat Jalat, to name some of the latest and greatest) 
for the memorable and sometimes incredible moments on and off the field - you 
just can’t plan all that good stuff, and sometimes find it difficult to believe after-
wards. Thank you to the fine folks of the Finnish surf and SUP scene for the 
relaxed sense of freedom, camaraderie, and hard racing at seas, lakes, and 
beaches. Thank you to dancing friends for all the rhythmic hotness and fun. 
Thank you to everyone ever involved in one of my photographic and other visual 
projects. You just need all that other stuff to keep inspired and creative in sci-
ence. I do, anyway. Thank you to my yoga and meditation teachers for keeping 
me somewhat sane. 

A warm thank you goes to family and friends, especially to my father Jaakko 
Laine, for having been there for me through the ups and downs of life over the 
years, for helping me get through the unexpectedly tough struggles and dark 
days of the past year or so. Thank you all for encouraging and inspiring me in 
your own special ways in my rather playful quest to get the hat and throw a good 
party. Thank you, and cheers! 
 
Helsinki, 10 June 2017 & 11 September 2018 
 
Janne S. Laine 

 
 
 

Picture credits: All photographs and diagrams by yours truly, unless otherwise 
noted. Special thanks to the beautiful models in my ongoing Eye Project: Mea 
Laine, Joa Laine, Jari Laine, Aaro Alhonen, Jaakko Laine, and me. Extra special 
thanks to Mea for her help, patience, and enthusiasm towards the project. 

 
 
 





7

Foreword and acknowledgements ............................................................. 3

List of Abbreviations ..................................................................................9

List of Publications .................................................................................. 10

Author’s Contribution .............................................................................. 11

1. Introduction .................................................................................. 13

1.1 Background ............................................................................... 13

1.2 Approach ................................................................................... 18

1.3 Goals and research questions ................................................... 19

1.4 Scope .......................................................................................... 21

1.5 Structure of the thesis ............................................................... 21

2. The experience mapping approach: connecting design variables and 
physical stimuli to perceived attributes and user experience dimensions23

3. Measuring perceived attributes and user experience dimensions29

3.1 General ..................................................................................... 29

3.2 Measurement of sensory attributes ......................................... 29

3.3 Measurement of higher-level experiential attributes ............. 32

3.4 What to measure? Approaches for defining relevant user experience 
dimensions .......................................................................................... 34

3.4.1 General .................................................................................. 34

3.4.2 Consumer experience dimensions of printed point-of-purchase 
displays (Publication 2) ...................................................................... 34

3.4.3 Dimensions of digital and printed book reading experiences 
(Publication 3) ..................................................................................... 36

3.4.4 Dimensions of digital and printed news reading experiences 
(Publication 4) ...................................................................................... 37

3.4.5 User experience dimensions of techniques for claiming customer 
benefits (Publication 5) ....................................................................... 38

3.5 Approaches for measuring visual perception ......................... 39

3.5.1 Measuring asymmetric color matches with paired comparison 
method in a memory-matching experimental setup (Publication 1) 39



8 

3.5.2 Evaluation of visual attributes by an expert panel (Publication 2)
 40

3.6 Design and testing of a graphical rating scale for online assessment of 
experiential attributes (Publication 5) ................................................ 41

4. Analysis and visualization of multivariate user experience data 45

4.1 General ..................................................................................... 45

4.2 Multivariate analysis and visualization of user experience data in the 
experience mapping approach ............................................................ 45

4.3 Related work ............................................................................. 49

5. From visual stimuli to visual perception and back: visual models and 
color appearance modeling ..................................................................... 53

5.1 General ..................................................................................... 53

5.2 Visual models ........................................................................... 53

5.3 Color appearance modeling ..................................................... 56

5.4 Controlling perceived colors in varying ambient illumination 
conditions (Publication 1) .................................................................... 61

6. Applying the experience mapping approach to analyze user experiences 
in different application areas ................................................................... 67

6.1 General ...................................................................................... 67

6.2 Printed products and consumer perceptions (Publication 2) . 67

6.3 Comparison of digital and printed book reading experiences 
(Publication 3) ...................................................................................... 73

6.4 Digital news reading experiences and design factors (Publication 4)
 78

7. Discussion and conclusions ......................................................... 85

8. Further discussion and opportunities for future work ................ 97

References ............................................................................................... 99

Publication 1 ........................................................................................... 113

Publication 2........................................................................................... 125

Publication 3 ........................................................................................... 137

Publication 4 .......................................................................................... 147

Publication 5 ........................................................................................... 175

 



9

CA correspondence analysis 

CAT chromatic adaptation transform 

CIECAM97s CIE 1997 color appearance model (simple version) 

CIECAM02 CIE 2002 color appearance model 

CIELAB CIE 1976 L*a*b* color space 

EFA exploratory factor analysis 

HCA hierarchical cluster analysis 

HCI human-computer interaction 

IBQ interpretation-based quality 

MANOVA multivariate analysis of variance 

MDS multidimensional scaling 

PC principal component 

PCA principal component analysis 

POP point-of-purchase 

QoE quality of experience 

QoS quality of service 

SVD singular value decomposition 

TAM technology acceptance model 

UCD user-centered design 

UX user experience, also refers to the discipline of user experience 
evaluation and user experience design in a wider sense 

XYZ tristimulus values of a colorimetric standard observer 

 

 



10

This doctoral dissertation consists of a summary and of the following publica-
tions which are referred to in the text by their numerals. 
 
 
 
1. Laine, Janne. 2003. Adapting softcopy color reproduction to ambient illu-
mination. Society for Information Display. Journal of the Society for Infor-
mation Display, volume 11, issue 2, pages 359 – 369. ISSN 1071-0922. DOI: 
10.1889/1.1825667 

2. Mensonen, Aino; Aikala, Maiju; Laine, Janne; Seisto, Anu. 2012. Consumer 
perception of printed point-of-purchase displays. Iarigai, the International As-
sociation of Research Organizations for the Information, Media and Graphic 
Arts Industries. Journal of Print and Media Technology Research, volume 1, is-
sue 4, pages 205 – 213. ISSN 2223-8905. UDC 655.3.066.23:658.8.013. 

3. Nurmi, Olli; Laine, Janne; Kuula, Timo. 2014. Narrative engagement and 
reading performance on digital and printed platforms. Iarigai, the Interna-
tional Association of Research Organizations for the Information, Media and 
Graphic Arts Industries. Journal of Print and Media Technology Research, vol-
ume 3, issue 3, pages 187 – 194. ISSN 2223-8905. UDC 655.1:004. 

4. Laine, Janne; Leppänen, Tapio. 2016. Experimental comparison of the user 
experiences of different digital and printed newspaper versions. Iarigai, the In-
ternational Association of Research Organizations for the Information, Media 
and Graphic Arts Industries. Journal of Print and Media Technology Research, 
volume 5, issue 2, pages 107 – 132.  ISSN 2223-8905. DOI 10.14622/JPMTR-
1603. UDC 070.1 | (054) | (0.034.2)-028.25 

5. Laine, Janne; Mensonen, Aino; Vehmas, Kaisa; Federley, Maija; Ylén, Peter. 
2017. A 2-dimensional graphical rating scale for reduced drop-out rate in 
online surveys. Manuscript submitted to International Journal of Human-
Computer Interaction. 28 pages. 

 



11

 

Publication 1: Adapting softcopy color reproduction to ambient illumina-
tion. 
 
This publication contributes to the understanding of the practical applicability 
and parameterization of color appearance models for color reproduction in 
varying ambient illumination conditions and describes the idea of digital dis-
plays that compensate for the perceptual color changes caused by varying illu-
mination conditions. The generic idea of a project on adaptive digital displays 
had been thought of at VTT before the author started working there. The im-
plementation of the project and the adaptive display system prototype devel-
oped in the project were the sole responsibility of the author. The author also 
designed, carried out, and analyzed the results of the psychophysical color-
matching experiment that he reported in Publication 1. 

Publication 2: Consumer perception of printed point-of-purchase displays 
 
In the study reported in this publication the experience mapping approach was 
applied to examine relations between visually perceived attributes of point-of-
purchase displays printed on different materials and mental impressions asso-
ciates with them. The publication contributed to the methodology of connect-
ing the experimentally measured sensory perceptions of material properties to 
cognitive appraisals and contributed at practical level to the understanding of 
appropriate material and printing technology choices for point-of-purchase 
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This doctoral thesis deals with user experience (UX) and visual perception, how 
they relate to one another and how their different aspects as well as their rela-
tions can be experimentally measured and modelled. In order to describe the 
perspective and motivation of this work, it is useful to first look briefly at the 
multidisciplinary roots and evolution of the concept of user experience, and to 
consider how it, in part, arises from and is molded by visual perception. Pro-
ceeding from there, in the latter part of this introductory chapter an approach 
and methodology for evaluating user experience in different stages of design 
processes of various kinds of products, services, and systems, digital and other-
wise, is introduced. The approach, central to this thesis, is based on measure-
ment and analysis of perceived attributes associated with the concepts being 
evaluated and will be further outlined and examined in the following chapters 
from the different perspectives provided by the studies reported in the publica-
tions. 

Preceding the human-computer interaction (HCI) research by many decades, 
the wider field of human factors research arose from the realization that the 
human operator, the user, often played a critical role in the performance and 
productivity of technical systems and industrial processes. Studies of pilot be-
havior in cockpits of airplanes are often cited as early examples of human factors 
research. This early research focused on user errors and was motivated by the 
need to reduce them. The human operator was described as the error-prone 
weakest link in the system. Increased instructions and education were seen as 
the proper approach to reduce user errors and increase performance: by mold-
ing the users to the technology the performance of the system could be im-
proved. Eventually, it has been increasingly understood that humans are hu-
mans, they have fundamental human traits and characteristics that cannot be 
completely changed by education. They will keep making errors, no matter 
what. But, perhaps, by designing technical systems to better fit the human char-
acteristics of their human users, the users and the whole system could perform 
better, produce less errors and be more productive. 

In the field of computer science, human-computer interaction research 
adopted principles from the wider field of human factors research. At first com-
puters were used mainly in work contexts and the emphasis was still strongly 
on performance. Usability engineering brought attention to the need to take the 
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cognitive information processing of the users into account in software and user 
interface design, and to evaluate computer software and systems in terms of 
how well the users were able to carry out specific tasks with them. Performance-
related measures such as time taken to complete a specific task and the number 
of errors committed were typically, and still are, used in evaluating the usability 
of a system. The perceived ease of use and the overall user satisfaction with the 
system, from the perspective of carrying out a given task, are also included in 
the concept of usability, and are typically included in questionnaires designed 
for measuring perceived usability (e.g., Lewis, 1995, Lund, 2001). The standard 
definition of usability, “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” (ISO 9241-11, 1997), echoes the general view of the 
core concepts of usability. 

The usefulness of a system, its utility in accomplishing the goals of work (or 
play, in more recently adopted wider perspectives), is seen as a significant re-
lated concept, and is sometimes considered an aspect of usability. The usability 
and usefulness have been considered significant factors in the acceptance of new 
technologies, studied initially in working contexts as a barrier for increasing 
productivity with technology. This view is exemplified by the influential tech-
nology acceptance model, TAM, and its numerous extensions and applications, 
also to consumer products (Davis, 1986, 1989). 

While the inclusion of user satisfaction seems at first sight to hint at emotional 
aspects being considered as part of usability, this kind of user satisfaction, as 
reflected in usability questionnaires, has been thought of more as a result of how 
users perceive usability and usefulness, rather than reflecting actual emotional 
impact of use (Hassenzahl et al., 2000; Hartson and Pyla, 2012). A need for a 
wider, holistic concept of user experience has been recognized, encompassing 
usability and usefulness but also going beyond them to consider phenomeno-
logical aspects of using and interacting with products and services, the experi-
ence in a wider sense: what it feels like to use a product or service, what kinds 
of perceptions and judgments are involved, and how technological systems take 
presence in our lifestyles and are used to make meaning and create value in our 
professional and personal lives (e.g., Norman et al., 1995; Alben, 1996; Forlizzi 
& Battarbee, 2004; Norman, 2004, Hassenzahl & Tractinsky, 2006; Hassenzahl 
& Roto, 2007). 

Good usability has been deemed a prerequisite for good user experience, a hy-
giene factor, whose presence is required but that cannot by itself guarantee a 
good user experience (Hassenzahl, 2010). In a series of publications and studies 
Hassenzahl and coworkers (Hassenzahl et al., 2000; Hassenzahl, 2003; Has-
senzahl, 2004; Hassenzahl et al., 2003; Hassenzahl, 2010) have described a 
conceptual model of user experience that provides a useful theoretical frame-
work for considering different aspects of user experience and how they relate to 
attributes of products and services, also from the perspective of practical design 
and development processes. In Hassenzahl’s user experience model the attrib-
utes of a product or service, as perceived by the user, are divided into pragmatic 
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and hedonic qualities. Pragmatic quality essentially serves as a measure of usa-
bility and usefulness and supports the achievement of so-called do-goals. As the 
name implies, do-goals correspond to what people concretely want to do with 
the product or service: shop online, search for information, write or share notes, 
make a phone call, and so on. The motivation, meaning, and value of carrying 
out such tasks, however, is seen to stem from the so-called be-goals, derived 
from psychological needs of human beings, such as being stimulated, being 
competent, and being related to others. The hedonic quality of the product or 
service summarizes its ability to support the fulfillment of be-goals. Both prag-
matic and hedonic attributes are seen as determinants of the overall appeal of 
the product or service, with the relevance and relative significance of different 
attributes varying from one system and context to another.  

The concept of pragmatic and hedonic attributes is particularly relevant to the 
approach of this thesis, as seen later, and has been influential in establishing the 
concept of user experience. However, while the significance of user experience 
to success of different kinds of interactive products and services is widely recog-
nized and has been studied from numerous perspectives, the concept of user 
experience itself remains somewhat vague, due the multidisciplinary nature of 
user experience research and the complexity of the phenomena involved in it. 
The large number of definitions for user experience reflects the varying ap-
proaches and goals of user experience researchers and practitioners (Lallemand 
et al., 2015). In a narrow sense user experience is associated exclusively with the 
design and evaluation of user interfaces. Many of the concepts, such as personas 
and scenarios, described by Cooper et al. (2014) in their influential treatise on 
interaction design are also at the core of more generic approaches for user ex-
perience practitioners (e.g. Hartson & Pyla 2012). In the wider perspectives to 
user experience, however, the interaction with the system, and its experiential 
and behavioral outcomes, is considered in wider temporal, ecological, psycho-
logical, physiological, social, as well as economical and societal contexts (e.g., 
Friedman, 1996; Bødker, 1996; Beyer & Holtzblatt, 1997; Wright & McCarthy, 
2004; Hartson & Pyla, 2012; Cowley et al., 2016). UX design approaches can be 
understood to be a sub-category or an area of focus within a wider group of user-
centered design (UCD) approaches. The UCD philosophy includes participa-
tory design approaches which emphasize the role of users as co-developers and 
co-creators. As a related historical note, the origins of prototyping and iterative 
design in HCI, in central role in modern UX design practices, go back to the 
Scandinavian participatory design practices (Kyng, 1994) and the work activity 
theory (Bjerknes et al. 1987, Ehn 1988). 

In the field of telecommunications, the notion of Quality of Experience (QoE) 
evolved from the concept of Quality of Service (QoS), in the same vein as UX 
evolved from usability in HCI. QoS of describes the quality of a network service 
in terms of network-centric measures such as packet loss. QoE seeks to extend 
the QoS by describing the quality of a multimedia service as experienced by the 
users. While there are similarities and connections between the concepts of UX 
and QoE, the two concepts are not synonymous. (Le Callet et al., 2012; 
Wechsung & De Moor, 2014) 
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Methods and approaches for evaluating and understanding user experiences 
range from qualitative approaches like those based on collecting user stories, as 
in experience-centered design (Wright & McCarthy, 2010), for example, or on 
analyzing work activities and contexts, as in the contextual inquiry technique 
(Holtzblatt & Jones, 1993), to the use of quantitative methods such as user ex-
perience questionnaires (e.g., Busselle & Bilandzic, 2009; O’Brien, 2010) or psy-
chophysiological measures such as those derived from measured variations in 
brain activity, heart-rate, or perspiration (e.g., Cowley et al., 2016). In practice 
the division to qualitative and quantitative methods is not as clear-cut as some 
scholarly discourses seem to suggest. In practical UX design processes, and in 
user-centric design processes more generally, both qualitative and quantitative 
methods are often used side by side to analyze user experiences and related fac-
tors (Hartson & Pyla, 2012). After all, quantities measure qualities – often quan-
titative measures are useful in comparing different options and guiding design 
processes, but meaningful quantitative measurement requires that the relevant 
qualities to be quantitatively measured are appropriately identified, defined, 
and understood. 

HCI and UX research are informed by knowledge from different branches of 
psychology, and use methods adapted from these fields. Most relevant ones to 
the current work are perceptual and cognitive psychology (Goldstein, 1996; 
Solso et al., 2005), as well as psychometric theories and psychophysical scaling 
methods used in experimental psychology (Nunnally & Bernstein, 1994; Ges-
cheider, 2013; Kantowitz et al., 2014). Psychophysics is concerned with meas-
uring and modeling relationships between physical stimuli and the sensory per-
ceptions that they evoke, while psychometrics measures perceptions, attitudes, 
and other mental states and qualities more generally. These methods allow us 
to quantify sensory perceptions and different psychological dimensions of sub-
jective experiences. In other words, they allow us to describe how something 
looks and feels like, a central theme in this thesis. 

Research and theories on perception and cognitive processing of visual infor-
mation have also influenced the HCI field. For example, although many aspects 
of Gibson’s ecological approach to visual perception (Gibson, 1979) have been 
criticized (e.g., Marr, 1982), his notion of affordances have found their way into 
scholarly discussions and practical guidelines concerning visual design: in 
short, affordances provide possibilities for an individual to interact with the en-
vironment, and design of perceived affordances in interactive products and ser-
vices should give visual clues about an object’s function and use (Norman, 
1999). The Gestalt laws are another traditional example of general visual design 
rule having been derived from the findings in the field of perceptual psychology 
and applied in HCI (Graham, 2008). 

Beyond the utilitarian aspects related to the visual qualities of products and 
services that promote ease of use, aesthetical aspects are also considered to play 
an important role in shaping user experiences, presumably influencing espe-
cially the emotional impact of use (i.e., moods, emotions, and feelings). While 
aesthetics has received some attention in HCI and UX literature (e.g., Norman, 
2004), relatively few experimental results have been published of this hard-to-
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grasp subject that seems to escape exact definition and pose challenges for 
meaningful measurement (Frohlich, 2004). Hassenzahl (2008) noted that the 
experimental studies have generally demonstrated beauty to be a good predictor 
of overall user satisfaction and that a strong correlation between beauty and us-
ability has repeatedly emerged in studies (e.g., Tractinsky et al., 2000). Lind-
gaard et al. (2006) demonstrated that the first impressions of web sites are 
formed very quickly based on visual appeal and suggested that these first im-
pressions may carry over to longer-term appraisals of other qualities of products 
and services. It has been noted, for example, that pleasing aesthetics seem to 
cause users to overlook problems in usability. The classical and expressive aes-
thetic scales proposed by Lavie & Tractinsky (2004) represent firsts attempts to 
operationalize perceived aesthetics in the HCI field beyond simple visual appeal. 

Clearly, there is more to aesthetics, to which a whole branch of philosophy has 
been dedicated (Levinson, 2003), beyond the simple visual appeal and what has 
been examined in the context of HCI and product design so far. Wright et al. 
(2008) took steps toward a wider perspective on aesthetics in HCI by proposing 
a framework for incorporating aesthetics into experience-based design. Follow-
ing Dewey (1934) and Shusterman (2000), they argue that bodily sensations 
and emotions hold the overall experience together, and describe aesthetic expe-
rience as being “creative, enlivening, and expressive, and involving the senses 
and values in inclusive and fulfilling activity that is considered worth engaging 
in for its own sake”. Wright et al. (2008) also follow Shusterman (2000) and 
Petersen et al. (2004) in making a distinction between analytical and prag-
matic aesthetics. While analytical aesthetics generally focuses on the artifact, 
i.e., a work of art or design, and the value of its perceived attributes, pragmatic 
aesthetics emphasizes the aesthetic experiences emerging in the interplay be-
tween the user and various contextual factors and holds that aesthetics should 
not be seen exclusively as a property of either the artifact or the viewer or user 
(Wright et al., 2008).  

Aesthetics and sensuousness in products and services can be seen to be related 
to the theories of embodied cognition and emotion, concepts which are sup-
ported by experimental evidence that sensory perceptions and bodily sensations 
can affect our attitudes and feelings (e.g., Niedenthal, 2007). In the context of 
product design, Norman (2004) has discussed the significance of the user’s vis-
ceral experience with the product at a sensory level. Similarly, Jordan (2000) 
sees the sensory attributes of the product, perceived through different human 
senses, as potentially leading to so-called physio-pleasure. With new kinds of 
emerging interaction technologies, multisensory aesthetics of interaction are 
likely to become even more significant elements of user experiences. 

As described in the following section, and in Chapter 2 in more detail, this 
thesis is concerned with quantitative measurement, and modelling, of user ex-
perience and visual perception. User experience was previously considered an 
important but hard-to-grasp concept, one that eluded exact definitions and 
measures. While the multifaceted concept of user experience is still interpreted 
in many different ways, as discussed above, a wide range of approaches and 
methods have been used in the recent years for measuring different aspects of 
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user experience. Since this thesis introduces and proposes another approach to 
measuring user experiences, it is necessary to think of how the goodness and 
appropriateness of different approaches and measurement methods can be 
evaluated. Psychometric measures are commonly evaluated in terms of their re-
liability and validity. Reliability refers to the repeatability of the measurement: 
a reliable measure is relatively free of random variation and repeated measure-
ments yield results that do not differ significantly from one another. Validity 
refers to the degree to which a measurement measures the variable, such as a 
sensory attribute or higher-level psychological construct, that it is intended to 
measure. Validity can be examined from several different perspectives. For ex-
ample, different measures presumably measuring the same phenomenon or 
construct are said to have a high degree of convergent validity if they produce 
similar results in parallel measurements of the same phenomenon or construct. 
Ecological validity, often of concern in the context of user experience evalua-
tion, pertains to the degree to which measurements are indicative of the percep-
tions or experiences as they occur in actual usage context in the real world. Be-
yond reliability and validity, the approach described in this thesis, as discussed 
in more detail later, aims to provide relevant and actionable information to the 
design processes of services and products, information that is practically useful 
in guiding the design process towards services and products that provide quality 
user experiences, and consequently better value to the users and customers. 

Beyond the background discussed above, the approach of this thesis draws spe-
cific inspiration from the techniques and methods used in fields such as visual 
psychometry, sensory evaluation, and consumer and market research. Central 
to this thesis is the thought that attributes of the system being designed and 
evaluated, as perceived through the visual and other senses of users, play a sig-
nificant role in the cognitive appraisal of the system, and ultimately affect its 
overall appeal and value to its potential users. Visual perception figures large in 
this approach and its role in user experiences is a central theme of the thesis, 
but the approach also seeks to tie in different aspects of user experience more 
generally, whether related to visual perception or other senses, emotional re-
sponses, or higher-level cognitive appraisals. Neither is the role of visual per-
ception limited solely to aesthetic appreciation in a narrow sense but extends to 
concepts such as attention, the smooth and focused flow of which is considered 
a central ingredient of enjoyable experiences. 

While sensory perception has received relatively little attention in HCI re-
search as of yet, in other fields of study it is in central role. Wine making is a 
good example of a craft in which sensory perception has always played a central 
role. Wines come in many flavors, as do chocolates and other beverages and 
food products. In sensory and consumer science, the relationships between in-
gredients, process variables in wine making, flavors and overall characters of 
the wines, and preferences among consumers have been studied for a long time 
(e.g., Lesschaeve, 2007). Such is the case also with food products and a range of 



19 

other consumer products. Experiences evoked by digital products and services 
also come in many flavors; designing for a quality user experience has a lot to 
do with first understanding how different design variables mold the flavor of the 
system, and then making the appropriate design choices to provide the right 
kind of user experiences to specific user segments. 

The experience mapping approach, a central theme in this thesis, seeks 
to reveal the relationships between perceived attributes of different levels and 
to provide a visual tool for analyzing and comparing, in terms of perceived at-
tributes, the user experiences evoked by different kinds of products, services, 
prototypes, or concepts, to be used for evaluation, communication, and iterative 
refinement purposes in all stages of different types of design cycles, from early 
concept design with low-fidelity prototypes to benchmarking of commercial 
products and services. The approach is product- or service-centric in the sense 
that it ultimately aims to analyze and describe experiences evoked by different 
kinds of systems in terms of perceived attributes and mental impressions asso-
ciated with them, arising from interaction with the system, rather than seeking 
to identify and describe mental states of individual users at any given moment 
per se. 

 

While the individual studies reported in the publications had specific goals of 
their own in different application areas, the overarching motivation for the line 
of work described in this thesis can be summarized, from the practical design 
perspective, as follows: 

 



20 

This work seeks to build a basis for a practically useful generic approach 
for evaluating and analyzing user experiences in different phases of user-
centric iterative design processes, helping to design successful services and 
products by informing and guiding the evolving design towards providing 
better user experiences and value. 
 
From a methodological perspective, the work seeks to answer the following 

research questions: 
 
Research question 1: To what extent and under what conditions is it possi-

ble to describe and compare user experiences evoked by different types of prod-
ucts and services in terms of their perceived attributes in a manner that is mean-
ingful and useful from the perspective of design and development of products 
and services? 

 
Research question 2: To what extent, if at all, does the modelling of the 

relationships between perceived attributes of products or services enable one to 
design for particular kinds of user experiences, e.g., by affecting specific aspects 
of user perceptions and experiences through adjustments of design variables or 
system properties? 

 
Referring to Figure 1, research question 1 is concerned with the usefulness of 

the descriptions of user experiences of given products or services, or their pro-
totypes, that the experience mapping approach can provide within iterative de-
sign processes. Research question 1 thus pertains to the feedback loop depicted 
in the right-hand side of the diagram. 

Research question 2, on the other hand, is concerned with the predictive ca-
pabilities of the approach. In other words, it asks if the modeling of the relation-
ships between attributes of different levels, depicted by the arrows between and 
within the three boxes in the diagram, can be directly used in deciphering how 
to modify the design variables to shape the user experiences in a specific man-
ner. 

The above research questions are directly related to the experience mapping 
approach, common to the five publications of the thesis. While the publications 
do not primarily focus on measurement and modeling methodology, the practi-
cal experiments described in the publications provide different perspectives to 
the experience mapping approach and thus allow us to examine the approach in 
a more general manner. Apart from examining the overall usefulness of the ex-
perience mapping approach, other central goals of this work pertain to seeking 
specific kind of information and understanding in the application areas studied 
in the experiments. The goals specific to different application areas include: 

Increasing the understanding of the appropriate parameterization of 
color appearance models in varying lighting conditions and examining 
the feasibility of using of color appearance modeling in compensating 
for illumination-induced shifts in perceived colors of self-luminous 
displays (Publication 1). 
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Increasing the understanding of the impact of different material 
choices and printing methods on the visually perceived attributes of 
printed point-of-purchase displays and mental impressions associated 
with them (Publication 2). 
Increasing the understanding of the differences in reading experiences 
of narrative stories read from either a printed book or from a digital 
tablet device (Publication 3). 
Increasing the understanding of relevant experience dimensions in de-
scribing and comparing reading experiences evoked by different digi-
tal and printed newspaper designs. Understanding different news 
reading styles and preferences and how different design choices cater 
to readers with different reading styles. (Publication 4) 
Examining the potential of graphical, game-like data collection meth-
ods to decrease drop-out rates in web surveys (Publication 5). 

This dissertation focuses on quantitative methods for measuring and modeling 
user perceptions and experiences. Qualitative methods are essential in under-
standing user experiences. The approach described in this dissertation requires 
appropriate qualitative methods to be used for defining the relevant user expe-
rience dimensions to measure, and for interpreting the quantitative analysis re-
sults. However, examination of specific qualitative methods is beyond the scope 
of this dissertation. 

 
The experience mapping approach is described in more detail in chapter 2. In 
chapters 3 to 5 the approach is examined from the different perspectives pro-
vided by the publications of this thesis: chapter 3 looks at measurement of per-
ceived attributes and higher-level user experience dimensions, chapter 4 dis-
cusses multivariate analysis and visualization of user experience measurements, 
and chapter 5 focuses on modelling the relationships between physical stimuli 
and attributes of visual perception. Chapter 6 describes the experiments re-
ported in Publications 2, 3, and 4 and their results in the contexts of their spe-
cific application areas. The results of the work are discussed, and conclusions 
are drawn in chapter 7. The results and opportunities for future work are further 
discussed in chapter 8. 

All the publications of this dissertation are discussed in more than one chap-
ter, as the themes treated in the publications do not follow one another in a se-
quential manner.  However, the experiments reported in each publication are 
described and their results summarized in specific sections of this dissertation. 
In chapter 3, dealing with measurement, section 3.6 summarizes the main re-
sults reported in Publication 5, which introduced and tested a new method for 
measuring user perceptions in web surveys. In chapter 5, focusing on visual 
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modeling, section 5.4 summarizes the contributions of Publication 1, which 
deals with color appearance modeling. The contributions of other three experi-
ments to their specific application areas are discussed in chapter 6: section 6.3 
summarizes the contributions of Publication 3, section 6.4 summarizes the con-
tributions of Publication 4, and section 4.6 summarizes the contributions of 
Publication 4. 
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Revisiting briefly the subject of winemaking mentioned in the introduction, 
let us examine how the experienced characters of wines have been decomposed 
into their constituents and further mapped relative to preferences of different 
consumer segments in the fields of sensory analysis and consumer research. Se-
lecting, say, ten different wines, we have ten individual samples of wine, each 
with a unique flavor different from the other samples, possibly quite similar to 
one or more of the samples but clearly distinct from the others. Each wine can 
be described by a multivariate profile of attributes at different levels, to under-
stand how the flavor builds up through the different stages of winemaking pro-
cess, how different variables affect the resulting flavor, and how the flavor can 
be described and communicated between different stakeholders, all the way to 
marketing and culinary communications. 

At the bottom level, a wine is described as a physical stimulus. The attributes 
at this level are instrumental measures related to, for example, concentrations 
of different substances in the wine, or measures calculated from such measure-
ment values. At the second level, the sensory profile of a wine describes the sen-
sory perceptions evoked by the wine in a human being tasting, and smelling, 
and possibly seeing and hearing and feeling, it. Sensory profiles are typically 
measured in terms of specific sensory attributes by using trained sensory eval-
uation panels. While there are individual differences in our senses, the sensory 
systems of normal human observers are relatively similar to one another, and 
allow the sensory profiles to be measured in reliable and reproducible manner 
via wine tasting experiments. Therefore, wines can be meaningfully described, 
compared, and categorized based on their sensory profiles. The relationships 
between physical and sensory attributes can be studied and modeled, in some 
cases allowing one to predict how a given change in the physical stimulus would 
affect the resulting sensory perception. Consumer preferences can be further 
measured via methods used in the field of consumer research, e.g. by asking a 
group of participants to rank order the given wine samples per their own pref-
erence; clustering of this data allows one to detect segments with different pref-
erences. Interestingly, Spence et al. (2014) have even examined the influence of 



24 

multisensory attributes of the drinking environment on the wine drinking expe-
rience. (Dijksterhuis, 1995, 2008; Meilgaard et al., 1999; Lesschaeve, 2007) 

Multivariate data analysis method known as external preference mapping has 
been used in sensory and consumer science to produce a spatial configuration 
of wines, and other kinds of samples, in which wines with similar flavors are 
located close to one another while wines with dissimilar flavors are farther 
apart. Further indicated in such a map are preferences of distinct consumer seg-
ments, the sensory attributes describing the wines, and possibly also their phys-
ical attributes. (McEwan & Thomson, 1989; Greenhoff & MacFie, 1994; Arditti, 
1997; Guinard et al., 2001) 

While the connection from wines to design and evaluation of digital services, 
for example, may not be instantly obvious, similar approaches have been used 
in different application areas in which it has been of interest to evaluate and 
design for the human perception and experience evoked by some kind of prod-
uct or system. Lokki (2014), for example, has studied the relevant perceptual 
attributes in analyzing and comparing the soundscapes of different concert halls 
and specifically compares this approach to wine tasting. Both sensory and 
higher-level perceptual attributes have been used by the author of this thesis 
and his colleagues in a number of studies to describe the perceptions and expe-
riences evoked by different kinds of paper grades and printed products (e.g., 
Laine et al, 2009, 2010; Mensonen et al., 2010, 2012). Similar approaches to 
describing and comparing paper grades and printed products have been used 
and reported by other researchers (e.g., Lindberg and Kihlstedt, 2009). 

As mentioned in chapter 1, the approach that we call experience mapping is 
based on the idea of product- or service-related attributes of different levels. The 
approach seeks to connect these attributes to one another through measure-
ment and modeling, describing and comparing the products or services of inter-
est in terms of a relevant set of attributes. Figure 2 illustrates the generic divi-
sion of the measured and analyzed attributes to three levels. 

The attributes at the bottom level describe the physical properties, technical 
specifications, or creative design variables of the products and services being 
analyzed and designed. These attributes describe the stimulus, the system that 
the user perceives and interacts with, in a way that does not yet make any direct 
references to the perceptions evoked by the stimulus. Note that from the per-
spective of the experience mapping concept there is no fundamental difference 
between physical artefacts and digital virtual objects: to cause a perception, both 
must provide physical stimulation to the user’s sensory system. Digital products 
and services thus also act as physical stimuli, although interaction with them is 
typically considerably more complex and reciprocal than with physical artefacts: 
unlike a physical tool like hammer, a digital service typically reacts to and adapts 
itself based on the actions of user. However, it is beneficial to consider interac-
tion from a wider perspective, rather than limiting the view to that of traditional 
human-computer interaction. In this wider view, the user of a hammer also in-
teracts with the tool, and has perceptions and experiences arising from this in-
teraction. Looking at a painting or photograph can also be considered an inter-
action: although the act of looking on surface appears to be a passive one, it still 
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evokes perceptions and experiences, which in turn may cause the viewer to see 
the work of art in a different way. Reading a printed newspaper is certainly an 
interactive experience, one that can be compared to the experience of using a 
digital news service. Overall, it is more fruitful to consider user experiences aris-
ing from “interacting with the world” rather than limiting the view strictly to 
human-computer interaction, which is an evolving and expanding concept any-
way due to current technological trends like ubiquitous computing, wearable 
devices, gesture control, and the internet of things. The bottom-level attributes 
can thus be taken to describe any kind of product or service, any kind of system 
that a human user interacts with. In the context of experience mapping, the 
products or services being analyzed are referred to by the general term sample: 
each sample represents a specific combination of attributes in a set of samples 
being analyzed and compared to one another. 

 

The mid-level attributes describe the sensory perceptions evoked by the sam-
ples. These perceptions are generally multisensory in nature, the mix of the 
most relevant senses depending on the type of product or service. This thesis 
focuses on visual perception, and to emphasize this the sensory perception layer 
of the generic experience mapping approach shown earlier in Figure 1 has been 
replaced by visual perception in the more detailed diagram of Figure 2. Gener-
ally, however, perceptions of products and services are multisensory, with pos-
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sible interaction between different senses. While multisensory perceptual ef-
fects can be significant in many application areas, they are beyond the scope of 
this thesis. 

The appropriate set of sensory attributes depends on the kind of samples being 
described and compared and needs to be chosen on a case-by-case basis. In 
some application areas, prior research and literature can be used to inform the 
choice of attributes. For example, in the area of image quality, decades of re-
search support the appropriateness of visual attributes such as sharpness, con-
trast, and colorfulness (Engeldrum, 2000; Keelan, 2002; Winkler, 2005). Sim-
ilar visual attributes are relevant also when analyzing the effect of paper prop-
erties on the perceptions and experiences evoked by printed products such as 
magazines, for example; in this case it is essential to consider the multisensory 
nature of perception and include also haptic attributes such as roughness and 
slipperiness, aural attributes such as loudness and softness of handling noises, 
as well as aggregate touch and feel attributes such as page turnability (Civille & 
Dus, 1990; Lindberg & Kihlstedt, 2009, Mensonen et al., 2010). In the case of 
other kinds of samples, an exploratory approach may be needed first, in order 
to identify the relevant sensory attributes to be used. In the case of samples that 
are more complex, such as digital services in complex work domains, it may not 
be possible to arrive at a comprehensive listing of relevant sensory attributes. 
Even in those cases, however, it can be useful from the perspective of under-
standing and evaluating user experiences to identify some of the relevant visual 
and other sensory attributes that are likely to act as antecedents and determi-
nants of higher-level experience dimensions. These may describe, for instance, 
the allocation and flow of the user’s visual attention while interacting with the 
service. In some cases, the use of sensory attributes is not even necessary, as 
interest may be solely in the comparison of samples in terms of higher-level user 
experience dimensions. When it is not possible or relevant to measure sensory 
attributes, the middle level of Figure 2 is eliminated and the samples and their 
perceived and experienced differences are described solely in terms of higher-
level attributes and dimensions. 

At the highest level, the attributes describe the samples in terms of higher-
level user experience dimensions. Also at this level the choice of appropriate at-
tributes used in describing and comparing the samples must be done on a case-
by-case basis. At this level the samples may be described in terms of cognitive 
appraisal dimensions such as perceived trustworthiness, interestingness, or 
usefulness; in terms of emotions and moods evoked by the interaction with the 
samples, or more simply by the look and feel of the samples; in terms of attrib-
utes related to aesthetic appreciation; or in terms of other kinds of mental im-
pressions associated with the samples, such as softness, luxury, efficiency, con-
venience, or affordability, for example. Attributes may also be related to such 
aspects of user experience as attractiveness, engagement, flow, or transporta-
tion. The latter kinds of attributes may be derived from user experience re-
search. The attributes at this level may also be derived from contextual analysis 
of the use of products or services of interest and be related to perceived value of 
use and experience. The attributes may also be derived from the perspectives of 
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brand image, marketing, or business goals. Also included at this level are pref-
erences among potential users. In a sense, preferences could be placed at the 
top of the conceptual hierarchy, above the perceptual and experiential attributes 
that can be considered as antecedents and determinants of user preferences. 

Choice and measurement of different kinds of attributes will be further dis-
cussed in chapter 3. Once the relevant sample-related attributes have been 
measured by means such as psychometric experiments or user questionnaires, 
the relationships between the different attributes as well as different samples 
are analyzed by means of multivariate statistical data analysis and often visual-
ized in a diagram known as an experience map. The purpose of the multivariate 
data analysis is to reduce the inherent redundancy in the experimental data in 
order to reveal and visually communicate the correlation structures between dif-
ferent attributes in a form suitable for evaluating user experiences and inform-
ing the design of products and services. This corresponds to the descriptions 
depicted as providing the feedback to the iterative design process in Figure 1 in 
chapter 1. In some cases and application areas, such as color appearance mod-
eling examined in Publication 1 and discussed in chapter 5, specific visual or 
sensory models may be directly used to model the relationships between varia-
bles of the bottom and middle levels, instead of multivariate statistical models 
based on observed correlation structures between variables of different levels. 
While the experience map is prominently used in this thesis, it should be noted 
that the generic experience mapping approach, as described above, represents 
a way of thinking and does not require a specific modeling or visualization 
method to be used. 

The experience map, as implemented in this thesis, is based on principal com-
ponent analysis of the experimental data. After focusing on measurement and 
data collection in chapter 3, construction and interpretation of the map will be 
described in more detail in chapter 4. Chapter 6 further describes experiments 
in which this approach has been used in different application fields, namely in 
studying perceptions of printed point-of-sale displays, differences of digital and 
printed book reading experiences, and user experiences evoked by different dig-
ital and printed newspaper designs, as reported in publications 2, 3, and 4, re-
spectively. 

It should be noted that rather than a fully validated methodology proposed for 
specific kind of use, experience mapping is presented here as a unifying theme 
and generic approach whose feasibility and usefulness is examined from the 
perspectives provided by the studies reported in the publications of this thesis. 
The experience mapping approach has also been applied in a number of other 
studies by the author and his colleagues (e.g., Laine et al., 2009, 2010; Menso-
nen et al., 2010, 2012). 

The overall emphasis in this work is on measurement, modeling, visualization 
and analysis of different aspects of user experience. This is not meant to imply 
that this covers all that is relevant in understanding user experiences or that this 
kind of approach can be expected by itself to provide all the information that is 
needed in practice to guide the user-centric design of successful systems, prod-
ucts, and services. On the contrary, this approach should be seen as part of a 
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larger cyclic process of design and development, in which is it used, when and if 
appropriate, in tandem with other methods and techniques to elicit information 
of the needs and values of users and customers, to set and evaluate user experi-
ence goals for the system, and to provide guidance to the design and develop-
ment process. For example, in order to determine the appropriate attributes, 
the relevant user experience dimensions to measure, discussed in more detail in 
chapter 3 devoted to measurement and data collection, methods like contextual 
inquiry and analysis (Holtzblatt & Jones, 1993; Hartson & Pyla 2012) are 
needed. These kinds of methods are also necessary for understanding the wider 
context of use. The field of ethnographic studies provides additional methods 
for examining real-life usage contexts and experiences. Like user experience re-
search generally, the approach of this thesis is closely related to user-centered 
design, although the focus is more strongly on experiential aspects of use. Par-
ticipatory design approaches, involving users as co-designers and co-creators, 
is also considered useful in bringing the user perspectives more strongly into 
the design process. User experience research and participatory design ap-
proaches can complement one another: user experience studies can provide in-
puts to participatory design and participatory design sessions can inform the 
choice of attributes relevant for user experience evaluation of certain kinds of 
products. However, rather than a substitute for full contextual analysis, partici-
patory design’s role is seen as complementary. In practice, the most appropriate 
approaches and methods for the given design process must be chosen through 
consideration of the needs, goals, and emphasis of the process, as well as the 
available resources. 
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Data collection typically constitutes the first step of user experience evalua-

tion, followed by analysis and modeling of the data, and subsequent interpreta-
tion, communication, and use of results in the design cycle. This is also generally 
the case in the experience mapping approach. However, sometimes considera-
ble amount of work and preliminary studies are needed to establish what exactly 
should be measured and to decide on the most appropriate measurement tech-
nique, before actual data collection can be started. 

While similar measurement methods are in some cases applicable to measure-
ment of sensory attributes and higher-level user experience dimensions, there 
are some differences in the applicability and feasibility of measurement meth-
ods between these two cases. Let us first consider measurement of sensory per-
ception. 

 

 
In the case of sensory attributes, the decision of what to measure comes down 

to specification of a set of relevant sensory attributes to be used in describing 
and comparing certain kinds of samples. Sensory attributes required to describe 
and compare color perceptions are discussed in some detail in chapter 5 in the 
context of color appearance modeling. Similar approach applies to specification 
of relevant perceptual attributes generally: the chosen set of attributes should 
account for the relevant perceived differences between certain kinds of samples. 
For example, perceived color differences in a representative experimental data 
set should be explainable by differences in perceived color attributes such as 
lightness and hue. If this is not the case, some relevant sensory attributes are 
missing from the set of attributes used in describing and analyzing the given 
kinds of samples. In the case of visual perception, attributes such as sharpness 
or gloss enter the picture when we move from the perception of uniform color 
patches to perception of pictures or physical objects with edges, color gradients, 



30 

and variable surface properties. For example, two spheres with matte and highly 
glossy surfaces are perceived to be very different visually even if their color, in 
terms of lightness, chroma, and hue, was exactly the same, with gloss-related 
differences either accentuated or attenuated by the prevailing lighting condi-
tions. 

The motivation for carrying out sensory evaluation of paper grades is not un-
like that of wine tasting, in the sense that the properties of the chosen paper 
grade, controlled by different variables of paper manufacturing process, has a 
strong effect on the perceived character of a printed product like magazine, on 
the overall user experience that the product evokes and the mental impressions 
that are associated with it. Visual properties used in characterizing paper grades 
include brightness, whiteness, gloss, sharpness, graininess and artifactual print 
quality attributes such as perceived mottling. Perceptions and experiences 
evoked by printed products are emphatically multisensory. Thus, tactile attrib-
utes such as roughness, slipperiness, and stickiness, aural attributes related to 
loudness and quality of handling noises, as well as touch and feel attributes like 
page turnability, which can be considered a higher-level usability-related attrib-
ute arising from the sensory properties of the paper grade, are also needed when 
describing sensory profiles of paper grades. (Civille & Dus, 1990; Lindberg & 
Kihlstedt, 2009; Mensonen, et al., 2010) 

As mentioned above, the set of visual and other sensory attributes used in de-
scribing given kinds of samples should be appropriate for explaining the rele-
vant perceived differences between the samples. Several experimental tech-
niques can be used in examining the perceived similarities and differences 
within a set of samples. Apart from direct approaches in which the observers 
judge the perceived magnitude of dissimilarity between each pair of samples on 
appropriate scales, perceived dissimilarity data can be obtained indirectly via 
grouping experiments in which the participants place samples that they perceive 
to be similar to one another in the same group, distinct from the samples placed 
in other groups. Depending on the details of the method and application area, 
participants can be given varying degree of freedom in choosing the number of 
groups and criteria for grouping the samples. Participants can be subsequently 
asked to justify the groupings that they made, thus yielding information on the 
attributes that they instinctively used in judging the similarity of the samples. 
The data obtained from such a grouping experiment can be converted into a 
dissimilarity matrix in which the (dis)similarity measure of each pair of samples 
is based on the frequency at which they were place in the same group. Multidi-
mensional scaling (MDS) can be further used to analyze the underlying dimen-
sionality of the (dis)similarity data, locating the relative positions of the samples 
on a multidimensional map, with distances between the samples corresponding 
to their perceived dissimilarities. Such MDS results can be used in analyzing the 
number of relevant sensory attributes and in deducing what those attributes are. 
Unidimensional scaling of the samples along each of the postulated relevant 
sensory perception dimensions separately, carried out with an appropriate psy-
chometric method, yields a multivariate data set, preliminary multivariate sen-
sory profiles for each of the samples. By means of multivariate data analysis 
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methods, such as principal component analysis, the correlations among the dif-
ferent dimensions, i.e. different postulated sensory attributes, and the underly-
ing true dimensionality of the multivariate data can be analyzed and compared 
to the MDS results. This kind of approach essentially looks at the perceptions 
evoked by the samples alternately from the perspectives of overall perceived dif-
ferences and the individual sensory attributes, and aims to choose the relevant 
sensory attributes so that the two views match reasonably well. (Borg & 
Groenen, 1997; Dijksterhuis, 2008; Gescheider, 2013) 

Multivariate data analysis and psychometric experimentation can thus be 
used iteratively to establish the relevant sensory attributes for certain kinds of 
samples. Indeed, the experience mapping approach outlined in this thesis can 
be used in explorative fashion to analyze the relevance of different sensory at-
tributes, and also other attributes related to higher-level experience dimen-
sions, in describing the perceived and experienced differences between certain 
kinds of samples. There are also other considerations involved in forming the 
set of attributes to be measured. The definitions of attributes should be easily 
understandable and unambiguous, facilitating reliable psychometric scaling of 
samples in terms of each individual attribute. It is also beneficial if a relatively 
simple correspondence can be found between instrumentally measureable 
properties of the samples and the sensory attributes, so as to allow one to con-
nect the sensory attributes to physical properties of the samples. In some appli-
cation areas, existing literature provides relatively solid foundations for appro-
priate sensory attributes to use and their definitions. Such is the case with the 
earlier example of wine tasting and various foodstuffs. Studies have also been 
done in such previously mentioned and discussed areas as perceptual attributes 
of concert halls (Lokki et al., 2012; Lokki, 2014) and paper grades (Civille & Dus, 
1990; Lindberg & Kihlstedt, 2009; Mensonen, et al., 2010). In other areas, rel-
evant attribute sets and definitions may not be as readily available, in which case 
exploratory approaches making use of the current knowledge of the application 
area and the possibly limited understanding of the relevant perceptual phenom-
ena is required. The experience mapping approach seeks to extend this kind of 
approach to analyzing user experiences in application areas such as digital prod-
ucts and services. In the case of complex interactive systems, the contribution 
of individual sensory attributes to the overall experience may be lesser and more 
difficult to pin down than with simpler, more tangible products. Still, it may be 
possible to find relevant sensory attributes in such cases, and other kinds of in-
termediate perceived attributes can assume the role of connecting the proper-
ties of the system to the higher-level user experience dimensions. 

In sensory and consumer science, trained sensory evaluation panels are typi-
cally used for the sake of efficiency when conducting psychometric scaling stud-
ies, making it possible to reliably distinguish finer differences in the sensory at-
tributes of samples with lesser number observers than would be possible with 
naïve observers. Similar psychophysical methods are applicable regardless of 
the level of expertise and training of observers, the main difference related to 
the experience level of the observers being in the efficiency with which one can 
reliably scale the samples: with naïve and inexperienced observers there is likely 
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to be more random variability in individual judgments, thus the need for more 
observations. Mostly such experimental setups and data analysis methods that 
yield interval scales of perceived attributes, with numerical distances on the 
scale approximately corresponding to the relative magnitudes of perceived dif-
ferences between the samples in terms of the given sensory attribute, are used. 
These include methods such as paired comparison and direct interval scaling. 
When scaling samples in terms of sensory attributes it is also generally recom-
mendable to use experimental methods in which observers compare samples 
side by side to one another. This is due to the fact that human senses are gener-
ally well tuned to detecting even relatively small differences, and it is easier for 
human observers to judge perceived differences than to indicate absolute levels 
of a sensory attribute. Interval scales are the derived by mathematical analysis 
from the difference judgment, by means of Thurstone’s Law of Comparative 
Judgement (Thurstone, 1927), for instance. (Meilgaard et al., 1999; Engeldrum, 
2000; Gescheider, 2013) 

It should be noted that in most cases the sensory perception between normal 
observers is assumed to be sufficiently similar, so that a single sensory profile 
can be meaningfully derived from sensory evaluation and psychometric scaling 
studies that can be considered representative of the sensory perception of a nor-
mal observer. Observers with abnormalities in relevant sensory systems, such 
as those with color vision deficiencies in color-related studies, would typically 
be screened out, unless the goal is to specifically examine the sensory percep-
tions of these groups and design for them. Thus, at the level of sensory percep-
tion, individual differences are often considered small enough to be ignored and 
not be taken into account in wider analysis and design process. In this somewhat 
simplified view, sensory perception can be seen as a relatively user-independent 
antecedent and a possible determinant of higher-level experiential attributes. In 
these higher-level experience dimensions, discussed in the following section, in-
dividual differences, however, are likely to occur, and identification and descrip-
tion of the differences between different user segments may be a significant part 
of the analysis. 

As mentioned in the previous section, when measuring sensory attributes, it 
is generally useful to have observers make side-by-side comparisons of the sam-
ples. Such psychophysical experiments, whether involving concrete physical ob-
jects or samples viewed with some kind of self-luminous display system, are typ-
ically best conducted in controlled laboratory conditions. From the perspective 
of the experience mapping approach, the intermediate goal of measuring 
higher-level experiential attributes is the same as with sensory attributes, to de-
rive an interval scale on which the samples are positioned relative to one another 
in terms the given perceived attribute. In the case of these higher-level experi-
ential attributes, related to things such as mental impressions associated with 
samples or the emotional impact of use, a wider range of experimental setups 
and measurement methods are viable. It is certainly possible, and in some cases 
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well justified, to collect subjective assessments of samples in terms of such 
higher-level attributes by applying some of methods that are conventionally 
used with lower-level sensory attributes in identical manner. However, in some 
cases use of other kinds of methods for collecting subjective assessment data is 
more viable and reasonable. 

For example, in the early phases of the design cycle, one might be interested 
in analyzing subjective responses to different kinds of concept ideas. While in 
some cases such concepts could be presented to participants as rough physical 
prototypes, making the assessment of samples in terms of higher-level user ex-
perience attributes more akin to judgments of sensory attributes, in other cases 
more abstract concepts could just as well or better be presented and assessed 
online. The same goes for the subjective assessment of less tangible or wider 
notions such brands or product lines, something the participants are assumed 
to have preconceived subjective opinions and mental impressions about. When 
assessing these kinds of abstract concepts, as may be the case in market research 
studies, for instance, there is no pressing need to present the participants with 
physical or digital samples, and thus less need to allocate resources to inviting 
participants to make assessment in the controlled conditions of a user-experi-
ence laboratory at a specific time, instructed and supervised by one or more ex-
periment conductors. In such cases, online data collection or use of conven-
tional survey methods such as paper or phone questionnaires, possibly admin-
istered in a wide range of varying and uncontrolled environments, are viable 
options. Publication 5 focused on online methods for collecting subjective at-
tribute assessment data, as discussed in section 3.6. 

Regardless of the details of how subjective data collection is administered, 
questionnaires applying Osgood’s (1952) semantic differential scale have often 
been applied in collecting such attribute assessment data. The semantic differ-
ential rating scale is typically presented as a line whose ends are anchored by 
attributes that can be considered to be opposites of one another, e.g. warm and 
cold, simple and complex, and interesting and boring. Many usability question-
naires employ such rating scales (e.g., Chin et al., 1988). The AttrakDiff ques-
tionnaire (Hassenzahl et al. 2003, Schrepp et al. 2006, Hassenzahl 2010), spe-
cifically created for the assessment of perceived pragmatic and hedonic attrib-
utes of products in the vein of Hassenzahl’s user experience model, uses a simi-
lar rating scale also for higher-level experiential attributes, asking, in its differ-
ent versions, participants to assess products on scales such as Impressive – 
Nondescript, Excludes – Draws you in, and Bold – Cautious. Another option is 
to make statements related to the system and its perceived qualities, and what 
it feels like to use the system, and to ask participants to rate the degree of their 
agreement or disagreement with the statements on a Likert-type scale (Likert, 
1932). In the experience mapping approach, a participant generally judges each 
sample in terms of the given attribute by indicating a position on a rating scale 
according to their perception, experience, or opinion of the sample. 

In general terms, an underlying psychological construct, such as a specific as-
pect of user experience or some other mental state or attitude, is operationalized 
into measureable factors. For example, a specific psychological construct may 
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be measured via appropriately designed questionnaire items. In different 
branches of psychology, questionnaires are continuously developed and 
adapted for measuring different kinds of constructs. 

3.4.1 General 

As described later in section 5.4, Publication 1 dealt with connecting physical 
stimuli and visual perceptions via color appearance modeling and, apart from 
analyzing the overall degree of color appearance matches across viewing condi-
tions, did not involve measures of higher-level experiential dimensions. The se-
lection of visual attributes to measure in that case was straightforward based on 
decades of color appearance studies and literature. 

In the other publications of this thesis, however, different kinds of higher-level 
experience attributes were measured, and the choice of these attributes was 
non-trivial. In each of those four studies the choice of perceived attributes and 
examination of how and if they distinguished experiences evoked by different 
kinds of samples from one another was part of the purpose of the study: to see 
which user experience dimensions were relevant in describing and comparing 
the experiences evoked by given kinds of samples. In this section 3.4, the choice 
of attributes to measure is briefly looked at from the perspectives of Publications 
2, 3, 4, and 5. The goals of the experiments and the applied measurement meth-
ods are also briefly introduced here, the point being to outline different practical 
approaches to defining and measuring user experience dimensions.  The exper-
iments of Publications 2, 3, 4, and their results are described in more detail in 
sections 6.2, 6.3, and 6.4, respectively, in the contexts of their specific applica-
tion areas. 

In section 3.5, we discuss the methods used for measuring visual perception 
in Publications 2 and 3. Section 3.6 focuses on the online survey method pro-
posed in Publication 5 for measuring higher-level attributes associated with dif-
ferent kinds of products, services, or concepts. 

3.4.2 Consumer experience dimensions of printed point-of-purchase dis-
plays (Publication 2) 

Point-of-purchase (POP) displays are used in in-store marketing communica-
tions to catch the consumer’s attention, create positive mental impressions, and 
ultimately to increase sales. The experiment reported in Publication 2 focused 
on consumer perceptions of specific kinds of POP displays: sweets selling racks 
produced by inkjet printing. The study sought to increase the understanding of 
the effect of different material choices on the consumer perceptions of inkjet-
printed POP displays, and to assess the acceptability of inkjet print quality in 
comparison to the perceived quality of POP displays produced by conventional 
offset printing methods. 
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 The study thus focused on hedonic aspects of the shopping experience, how 
mental impressions associated with the POP displays are affected by their phys-
ical properties and visual attributes. The POP display samples were created by 
printing on different materials with different printing methods. 

Attributes of all three levels of the experience mapping framework were meas-
ured from each sample. CIELAB color space values for lightness, chroma, and 
hue of the samples were derived from spectrophotometric measurements at 
specific printed areas of the samples. The specular reflection gloss of the sam-
ples was further measured by a glossmeter. These attributes, though related to 
subjectively perceived visual attributes, thus represent objective measures ob-
tained via measurement of physical properties of the samples. 

At the level of sensory perception, four visual attributes of the samples, light-
ness, colorfulness, gloss, and sharpness, were measured by psychometric meth-
ods. The choice of this set of visual attributes was based on the assumption that 
these four attributes would encompass the major differences in visual appear-
ance between the printed POP display samples. This assumption was primarily 
grounded on the expert opinion of the authors of the paper, arising from visual 
examination of the samples. The assumption was not separately tested prior to 
the experiments reported in the paper. 

The psychometric scaling of the samples in terms of these visual attributes was 
based on data collected from the visual assessments made by a panel of 11 print-
ing experts. The definitions of the attributes, as presented to the observers, are 
shown in table 1. A difference estimation method in which the observers placed 
the samples on a physical ruler laid on a table was used in judging the samples 
in terms of each visual attribute, as described in more detail in section 6.2. 

In this study the higher-level experiential and perceptual dimensions of inter-
est were the mental impressions that consumers associate with the POP dis-
plays, and consequently, presumably, with the products being displayed on 
them. In the first phase of defining the relevant mental impressions to measure, 
25 persons with professional interest in such media products each created their 
own list of relevant mental impressions upon viewing the different versions of 
the sweets selling rack POP displays. This resulted in an aggregated list of 70 
different mental impressions. The brand owner of the sweets produced a further 
list of mental impressions relevant to the brand and the product. The 70 mental 
impressions were grouped based on their similarity, resulting in five distinct 
groups of mental impressions. The impressions in three of the groups were sim-
ilar to the marketing-oriented product descriptions provided by the brand 
owner, some impressions being identical. The contents of the remaining two 
groups resembled professional evaluations of products more than mental im-
pressions as such. The list of impressions was compressed and refined through 
regrouping of mental impressions and removal of those that were considered to 
be semantically overlapping. 
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Complemented with chosen impressions from the brand and product descrip-

tion provided by the brand owner, the final set to be used in psychometric meas-
urements consisted of the following mental impressions (translated from Finn-
ish): natural, delicious, fresh, childlike, brisk (referring to being lively), fusty 
(referring to being dull and stale), ecological, cheap, berried (referring to being 
rich in berries), foreign, relaxed, pleasant, and bright. This list of mental im-
pressions can be seen to consist of higher-level perceived attributes that the 
brand owner and the retailer may want to emphasize (e.g., delicious and fresh) 
or avoid (e.g., fusty) in marketing communications in the context of a product 
such as sweets. Such attributes may or may not coincide with the needs and val-
ues of different consumer segments, as related to this product category. 

3.4.3 Dimensions of digital and printed book reading experiences (Publi-
cation 3) 

 
Fictional books are typically linear stories, narratives that proceed from a be-

ginning to an ending. Book reading experiences, when such narrative stories are 
concerned, are thus typically also linear in nature. When factual books are used 
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for information searching or educational purposes, the text is typically accessed 
in more nonlinear fashion and the book reading experience becomes more frag-
mented. This kind of nonlinear reading bears closer resemblance to news read-
ing experiences discussed in section 3.4.4. Here, however, we focus on linear 
book reading experiences from the perspective of the study reported in Publica-
tion 3. 

Three kinds of reading experience measures were used in the study: observa-
tions of reading performance in terms of speed and recall, strength of mental 
impressions associated with reading either a digital or a conventional printed 
book, and a four-dimensional psychological construct of reading experiences 
measured via a questionnaire. The main goal of the study was to investigate the 
differences in reading experiences between digital and conventional printed 
books from different perspectives. 

While not psychological experience dimensions as such, observations of user 
performance in appropriate benchmark tasks, reading speed and recall in this 
case, can serve as useful measures in analyzing user experiences in a wide range 
of application areas.  Measurement of the actual reading experiences was based 
on prior research on the psychology of reader engagement with narrative stories 
(Busselle and Bilandzi, 2009; Bal and Veltkamp, 2013), as discussed in more 
detail in section 6.3. The four reading experience dimensions considered rele-
vant to narrative reading experiences are narrative understanding, attentional 
focus, emotional engagement and narrative presence. These dimensions were 
measured in a laboratory reading experiments via a reading experience ques-
tionnaire, as described in section 6.3. In addition to the above book reading ex-
perience dimensions measured separately for each text sample, at the end of the 
experiment the participants were directly asked to assess the degree to which 
they associated certain attributes or mental impressions with either digital or 
printed book reading generally. This was done to examine the general attitudes 
towards printed and digital reading among the participants. The questionnaires 
were administered digitally and the participants answered them by moving a 
pointer on 10-point Likert-type scale (for the reading experience questionnaire) 
and on a 9-point Osgood’s semantic differential scales (for the mental impres-
sions). 

The experiment and its results are described in more detail in section 6.3 in 
the context of book reading research. 

3.4.4 Dimensions of digital and printed news reading experiences (Publi-
cation 4) 

In the study reported in Publication 4, the user experiences of five different 
versions of the same newspaper were compared to one another. These five de-
signs, four digital newspaper versions and a conventional printed tabloid-size 
newspaper included as a kind of reference point, presented to readers essen-
tially the same news content in different layouts, with considerable differences 
in visual appearance and interaction design. Apart from describing the differ-
ences in experiences evoked by the different publication versions and examining 
how their designs catered to readers with different news reading styles, central 
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goals of the study included testing, development, and integration of research 
approaches and instruments appropriate for evaluating news reading experi-
ences in the context of digital news publication design. At the time when the 
experiments were designed and carried out, very little published research on 
digital news reading experience or research instruments and methods for stud-
ying them existed. 

A generic media experience questionnaire previously developed, but not rig-
orously validated, in the Next Media research program (Helle et al., 2011) was 
applied in the study, with the goal of testing its applicability to evaluating news 
reading experiences. The MX Questionnaire includes many different items re-
lated to various dimensions and aggregate indicators presumably relevant to 
describing user experiences of media products and services such as digital news 
publications. The questionnaire drew inspiration from and adapted parts of a 
number of priorly published questionnaires for measuring specific psychologi-
cal constructs or experiential dimensions in related application areas (e.g., 
Bradley & Lang, 1994; Lewis, 1995; Lund, 2001; Lessiter et al., 2001; Lavie & 
Tractinsky, 2004; Vorderer et al., 2004; Poels et al., 2006; Ijsselsteijn Bangor 
et al., 2008, 2009). The MX Questionnaire includes items intended to measure 
the following postulated relevant dimensions: beauty, abundance, hierarchy, 
navigation, classical aesthetics, expressive aesthetics, usability, unexpected-
ness, playfulness, trustworthiness, interestingness, attention allocation, brand, 
familiarity, interactivity, as well as emotion dimensions. In addition to the MX 
Questionnaire items, statements from The User Engagement Scale (O’Brien, 
2010) were adapted to the context of news reading and included in the user ex-
perience questionnaire used in this study. The User Engagement Scale is com-
prised of the following dimensions: focused attention, perceived usability, aes-
thetics, endurability, novelty, and felt involvement. Some these dimensions are 
overlapping with those of the MX Questionnaire; their inclusion served the pur-
pose of testing these measurement instruments.     

3.4.5 User experience dimensions of techniques for claiming customer 
benefits (Publication 5) 

As described in section 3.6 in more detail, Publication 5 introduces a graphical 
rating scale for online surveys and describes the results of testing it. The testing 
was carried out in the context of a study that examined perceptions and user 
experiences of various kinds of techniques for claiming customer benefits while 
shopping in retail stores. Details of that study are not relevant from the perspec-
tive of Publication 4 and this thesis. However, the user experience dimensions 
and perceived attributes used in that study are listed here for the sake of com-
pleteness. Nine different techniques for claiming customer benefits were as-
sessed on 16 semantic differential scales anchored at opposite ends by the fol-
lowing attributes: Like / Dislike, Reliable / Unreliable, Useful / Useless, It is 
effortless to claim the credential when purchasing / It is troublesome to claim 
the credential when purchasing, It is easy to get information about the available 
credentials / It is troublesome to get information about the available creden-
tials, Convenient / Inconvenient, Affordable / Expensive, Motivates regular use 
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/ Does not motivate regular use, Attractive / Unattractive, Pleasant / Unpleas-
ant, I remember to claim the credential / I forget to claim the credential, Fast / 
Slow, Modern / Old-fashioned, Interesting / Boring, Relaxed / Stressing, Suit-
able for me / Not suitable for me. 

3.5.1 Measuring asymmetric color matches with paired comparison 
method in a memory-matching experimental setup (Publication 1) 

Out of the five publications of this thesis, Publication 1 is the only one that re-
mains solely in the domain of psychophysics, experimentally examining the re-
lationships between visual stimuli and visual perceptions. As described in sec-
tion 6.4, the study revolved around the concept of adapting display output to 
varying ambient illumination conditions, so as to maintain the perceived colors 
as constant as possible despite the perceived color shifts induced by changes in 
ambient illumination, through color appearance phenomena discussed in sec-
tions 6.3 and 6.4. The goals of the study called for comparison of how closely, 
relative to one another, the perceived colors of different image versions, pro-
duced with varying parameter values of the CIECAM97s color appearance, 
matched the colors of a given reference image, as perceived in different ambient 
illumination conditions. This kind of color matching across different viewing 
conditions, known as asymmetric color matching, posed challenges to the de-
sign of the experimental setup. 

The well-known paired comparison method was used in the study, in order to 
reveal finer perceived differences and construct an interval scale of perceived 
color differences by applying Thurstone’s Law of Comparative Judgment 
(Thurstone, 1927; Engeldrum, 2000). All possible pairs of different image ver-
sions, in randomized order, were shown to the participant, whose task was to 
choose from each pair the image whose colors most closely matched those of the 
reference image. In constant illumination conditions, this kind of psychophysi-
cal experiment would have been straightforward to set up: the images in each 
pair could have been shown next to each other, simultaneously with the refer-
ence image. In this case, however, examination of illumination-related color ap-
pearance phenomena such as chromatic adaptation was the whole point of the 
experiment, and these effects can only be studied by having the observer’s visual 
system adapted to different viewing conditions. In the haploscopic method for 
asymmetric color matching, the observer adapts each eye separately and makes 
a simultaneous color match (Wandell, 1995; Fairchild, 1998). The haploscopic 
method, while relatively efficient in terms of time consumed, has the disad-
vantage of assuming that adaptation and related color appearance phenomena 
occur independently in each eye, prior to binocular combination in the later 
stages of visual processing. The apparatus required for the haploscopic method 
would also have been inconvenient in this case. Thus, the memory-matching 
method (Wright, 1981; Wandell, 1995; Braun et al., 1996; Fairchild, 1998) of 
asymmetric color matching was used: the subject saw the reference image under 
one ambient illumination, studied and memorized its appearance, and then 
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identified the closest match to the reference in each pair of different image ver-
sions after adapting to second viewing conditions. Images in each pair were also 
viewed successively, separated by a shorter time interval, to avoid possible im-
age-related adaptation effects of simultaneous side-by-side viewing. 

The experiment and its results are described in more detail in section 5.4 of 
chapter 5, which focuses on modeling of visual perception and color appearance. 

3.5.2 Evaluation of visual attributes by an expert panel (Publication 2) 

When variable viewing conditions are not a complicating factor, a number of 
different methods can be used in collecting subjective judgments needed for 
constructing perceptual scales of visual and other sensory attributes. Besides 
the abovementioned paired comparison method, appropriate for examining 
smaller perceived differences but rather time-consuming and unsuitable for 
scaling of large numbers of samples, a range of established assessment methods 
are available, the optimal choice depending on factors such as the type and num-
ber of samples, magnitude of perceived differences within the sample set, as well 
as available resources (Meilgaard et al., 1999; Engeldrum, 2000; Gescheider, 
2013). 

Similar psychometric methods can be used whether the persons making the 
assessments are naïve subjects, expert observers, or members of trained sensory 
evaluation panels. In psychometric scaling of specific sensory attributes, one 
generally expects to obtain similar results with subjects of all levels of expertise 
and training, the most significant difference being in the efficiency of obtaining 
a sensory attribute scale with equal discrimination between the samples: due to 
more variability typically encountered in the judgments of naïve subjects, more 
observations are needed than with more experienced observers. Naïve subjects 
also typically need more time in the beginning of the experiment to learn the 
meaning of the attributes and the method of indicating their judgments, 
whereas experts are familiar with the types of attributes and samples being as-
sessed and trained panelists furthermore know how to carry out the assess-
ments without necessarily needing any instructions. 

In the study reported in Publication 2, both visual attributes and higher-level 
experiential attributes were evaluated. The visual evaluation of samples in terms 
of four attributes (lightness, colorfulness, gloss, and sharpness), as described in 
sections 3.4.2 and 6.2, was carried out with a panel of 11 printing experts, while 
the higher-level experiential attributes and mental impressions were assessed 
by 25 consumers. Use of two distinct groups of subjects for evaluating the at-
tributes of two different levels highlights the assumption that relative magni-
tudes of sensory attributes are perceived in similar ways by normal observers 
without deficiencies in their sensory systems. 

Each of the visual attributes was described to the expert panelists prior to eval-
uation (see table 1 in section 3.4.2). For carrying out and analyzing the assess-
ments we used a methodology adopted from the field of sensory evaluation 
(Meilgaard, Civille and Carr, 1999) that we had previously applied in a number 
of cases where print or paper samples were scaled in terms of visual or other 
sensory attributes (e.g., Mensonen, Aikala and Laine, 2010). In this relatively 
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efficient, in terms of time consumed to complete the assessments, difference es-
timation method, the subject places the sample with the highest perceived mag-
nitude of given attribute on one end of a ruler on a table and the sample with 
the lowest perceived magnitude on the opposite end of the ruler. The subject 
then proceeds to place the remaining samples on the ruler such that the dis-
tances between the samples on the ruler approximate the magnitudes of their 
perceived differences in terms of the given attribute. 

The raw data from the evaluation of each of the four visual attributes of the 
samples consisted of an integer from 0 (the smallest magnitude of the given vis-
ual attribute among the POP display samples, as evaluated by the given ob-
server) to 24 (the largest magnitude of the given attribute among the samples, 
as evaluated by the given observer) for each observation of each sample. After 
removal of outlier observations, interval scales of the four visual attributes were 
derived from the evaluations of the remaining observers. The scale value for 
each sample on each visual attribute scale was calculated as the average of indi-
vidual observations. Least significant difference values (LSD, see Meilgaard, 
Civille and Carr, 1999) between the scale values at 95% confidence level were 
calculated in order to infer the significance of differences. When the difference 
between the scale values of two samples is larger than the LSD value, the differ-
ence can be considered statistically significant. 

A number of different data collection methods are also applicable for univariate 
scaling of different types of samples in terms of higher-level experiential attrib-
utes or mental impressions, as discussed in section 3.4. Typically, versions of 
Osgood’s semantic differential scale or Likert-type scales for assessing the de-
gree of agreement or disagreement with given statements are used. Online sur-
veys provide a seemingly efficient way of collecting such attribute assessments 
from a large number of participants. However, online surveys are known to suf-
fer from relatively high dropout rates. Coupled with the relatively high number 
of assessments that need to be made by each participant in typical multivariate 
attribute assessment studies, this poses challenges for online data collection in 
the context of the experience mapping approach. In order to combat these chal-
lenges, a graphical data collection method for multivariate attribute assess-
ments in online surveys was proposed and tested in Publication 5. 

The method can be described as a 2-dimensional, graphical, and game-like 
version of conventional text-based semantic differential scales. The graphical 
rating scale aimed to provide the respondents with an attractive, intuitive, ef-
fortless, and engaging user experience, in order to motivate them to complete 
the survey carefully. The concept of the data collection method was originally 
conceived in brainstorming sessions with scientists and market research prac-
titioners, and the first version of the method was implemented on an online 
platform for market research communities. In preliminary testing encouraging 
feedback was received from the members of the online community that used the 



42 

method in a market research case to assess a number of websites. This prelimi-
nary testing suggested that the graphical rating scale may indeed have provided 
the respondents with a better user experience than a conventional text-based 
rating scale and thus motivated them to complete the assessment task. 

A second version of the 2-dimensional graphical rating scale, with same gen-
eral operation principles but with somewhat different design details, was then 
implemented and tested in a research case that examined user perceptions of 
different methods for claiming customer benefits in retail stores. The respond-
ent moves the graphical tokens, corresponding to products, services, or con-
cepts being evaluated, first in the horizontal direction to assess them in terms 
of the first attribute, as shown in the left-hand side of Figure 3. The opposite 
ends of the horizontal axis are verbally anchored by the attribute and its oppo-
site, in this case “Convenient” and “Inconvenient”. Once the assessment in 
terms of this attribute is completed, a vertical axis with different attribute label 
appears and the samples are assessed in terms of this attribute by moving the 
tokens in the vertical direction, as shown in the right-hand side of Figure 3. 
These steps are repeated until the samples have been assessed in terms of all 
attributes used in the survey. The order of attributes is randomized for each par-
ticipant. 

 

In the online survey, part of the respondents used the new 2-dimensional rat-
ing scale and the other respondents used a conventional 1-dimensional text-
based rating scale to judge nine different techniques for claiming customer ben-
efits in terms of 16 perceived attributes. The dropout rate for the respondents 
that used the new method was 16%, far lower than the 35% dropout rate among 
the respondents that used the conventional 1-dimensional rating scale. The sur-
vey completion times were also considerably lower with the new method, with 
the median time to complete the evaluation task with the 2-dimensional rating 
scale (9 minutes and 7 seconds) being less than half of that for the 1-dimensional 
rating scale in this study (17 minutes and 58 seconds). Based on multivariate 
outlier analysis, there did not appear to be considerable difference in the fre-
quency of careless responding between the two data collection methods. 
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No considerable biases in the results were found between the two methods in 
this study. The interval scales obtained from the data collected with the two 
methods for individual attributes were relatively highly correlated, with the av-
erage linear correlation coefficient of 0.91 (standard deviation 0.05). Figure 4 
shows the experience map that compares the locations of samples calculated 
from the data obtained with the two data collection methods, showing that sim-
ilar patterns of samples were obtained with both methods. The map depicts at-
tributes generally associated with different methods for claiming customer ben-
efits in retail stores. For instance, the three different versions of plastic loyalty 
cards were generally judged to be more convenient than a stamp card, which 
was generally considered to be an inconvenient, slow, and unattractive way of 
claiming credentials compared to most other methods. The concept of the expe-
rience map visualization method is described in chapter 4. 

Open comments from the survey participants suggested that the new evalua-
tion method provided a more motivating experience to the respondents. How-
ever, no quantitative user experience evaluations were carried out in the study. 
Thus, conclusive summative statements of the user experience of the proposed 
method relative to the conventional text-based rating scale cannot be made 
based on these results. Repeated studies would also be needed to see if consist-
ently lower dropout rates could indeed be achieved with the proposed method. 
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Some of the observed increase in motivation for completing surveys may be as-
sociated with the novelty of the 2-dimensional rating scale to respondents, an 
effect that may partially wear off with time and repeated use of the rating scale. 
Longitudinal studies would be required to examine such novelty effects. 
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Data collection and analysis methods for univariate scaling of samples were 
discussed in the previous chapter. Regardless of which data collection and anal-
ysis methods are used, the scaling process yields a number of univariate interval 
scales: a separate scale for each attribute that indicates the perceived differences 
of the samples in terms of that attribute. In this chapter, the principal steps of 
the multivariate analysis of the experience mapping approach are first de-
scribed. The goal of this analysis is to reveal and communicate, through visual-
izations, the relationships between different attributes, as well as the perceived 
and experienced differences and similarities between the samples (products, 
services, or concepts) being studied. This chapter is closed with a discussion of 
related methods described in literature. 

After the data collection step, which involves the participants, the subjects of the 
study, subjectively assessing the given set of samples (products, services, con-
cepts, or systems being evaluated) in terms of the given attributes using one of 
the assessment methods discussed in the previous chapter, we have a 3-dimen-
sional array of raw assessment data. This data array can be arranged, for exam-
ple, as multiple “pages” of 2-dimensional matrices, where each row of a matrix 
corresponds to assessments made by a single participant and each column cor-
responds to assessments of a single sample. Each page of this 3-dimensional 
corresponds to a single attribute, as illustrated in Figure 5. 

 



46 

 
 

As preprocessing steps, before the steps where the actual experience map is 
constructed, possible missing data is detected and dealt with and possible out-
lier assessments or clusters of differing assessments are detected. The most 
straightforward way of dealing with missing data is simply to remove all the as-
sessments from participants with incomplete data. Many options exist for out-
lier and cluster analysis, the details of which are beyond the scope of this thesis. 
Generally, outlier and cluster analysis can be carried out either separately for 
each attribute or for the aggregate data comprised of assessments of the samples 
in terms of all attributes. When the attributes are treated separately, each row 
of the matrix corresponding to the attribute being analyzed constitutes a single 
multivariate observation (assessments of all samples by a single participant in 
terms of a single attribute). If aggregate assessments incorporating assessments 
in terms of all attributes are to be considered in the outlier and cluster analysis, 
all pages of the 3-dimensional data array are laid out side by side in a single 
extended 2-dimensional matrix, such that the matrix on the second page of the 
array is appended to the right of the matrix on the first page, and so on for all 
successive pages. In this case, each row of the extended row is treated as a single 
multivariate observation, corresponding to assessments of all samples by a sin-
gle participant in term of all attributes. 
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In the studies reported in Publications 2, 4, and 5 the outlier and cluster anal-
ysis was performed by first calculating the principal components of the variation 
in assessments between the participants. The observations, i.e., the assessments 
made by each participant, were then mapped from the space of original attrib-
utes to the point in the space of principal components, thus compressing the 
main variation between participants to the space spanned by the first few prin-
cipal components. The differences between participants were then analyzed by 
comparing the coordinates of their assessments in the principal component 
space, i.e., the principal component scores. Only the first few principal compo-
nents, corresponding to major dimensions of variation in the data between the 
observers, were retained for this analysis, thus excluding much of the noise and 
irrelevant random variation in the data, which is typically mapped to the higher 
principal components. Using the selected principal components, the differences 
and similarities between the participants were illustrated as a tree-like diagram 
known a dendrogram, a form of hierarchical cluster analysis. Such a diagram 
can reveal possible outliers and clusters in the data. For instance, in the study 
of Publication 2, such analysis revealed two outlier panelists in the visual eval-
uation of the point-of-purchase displays, and in the study of Publication 4, two 
distinct clusters were found when the participants were compared in terms of 
their preference judgments. 

 

Following the removal of outliers and the possible division of the participants 
into two or more clusters, each of which can be analyzed separately in order to 
reveal their differing perceptions, scale values are calculated for each sample in 
terms of each attribute. This step thus yields univariate attribute scales for the 
samples. The alternative processes for univariate scaling have been discussed in 
Chapter 3. For instance, scale values can be calculated as the averages over the 
assessments made by all participants. Considering the 3-dimensional data array 
introduced above in this chapter, this step replaces each column of each 2-di-
mensional matrix in the 3-dimensional array with the average value of the ele-
ments of the column. This flattens the matrices on all pages of the array to row 
vectors that correspond to the scale values of the samples in terms of different 
attributes. The row vectors are transposed into columns and rearranged into a 
2-dimensional matrix in which the rows now correspond to the samples and the 
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columns correspond to the attributes. Each row of the matrix is thus a multivar-
iate observation of a single sample. 

The values on each row can be understood as the coordinates of the corre-
sponding sample in a multidimensional space where each attribute corresponds 
to a single dimension. This space is typically high-dimensional and some of the 
dimensions are highly correlated. Principal component analysis is used to map 
the samples to a lower-dimensional space where their major perceived differ-
ences and similarities, as well as the relations between different attributes, can 
better be visualized and analyzed.  Principal component analysis yields the prin-
cipal component coefficients for each attribute, the linear weights that deter-
mine the contribution of each attribute to each principal component. In this 
case, principal components are linear combinations of the attributes, such that 
the first principal component explains as much of the variance between the mul-
tivariate observations of the samples as possible, the amount of variance ex-
plained depending on the correlation structures between the attributes. The sec-
ond principal component then explains the maximum possible amount of the 
remaining variance in the data, and so on. By using the principal component 
coefficients, the location of each sample is then mapped from the space of orig-
inal attributes to the space spanned by the principal components. 

An experience map depicts the locations of the samples in the principal com-
ponent space, overlaid on attribute vectors whose directions and lengths indi-
cate the contributions of different attributes to different principal components, 
as evident in their respective principal component coefficients. The main differ-
ences and similarities between the samples can be visualized by plotting their 
locations in the plane of first two principal components. Samples that were per-
ceived to be generally similar to one another appear close to one another on the 
map, while larger distance between the given samples indicates larger perceived 
differences, in terms of the attributes used in the assessments. Attribute vectors 
pointing in the direction in which given samples are located on the map indicate 
that those attributes were more strongly associated with those samples than 
with the samples in the opposite direction. Depending on the data set, there may 
be interesting and relevant differences also in the planes of higher principal 
components, in which case it can be useful to plot the samples in the planes of 
third and fourth, and possibly higher, principal components. Examining the 
percentage of total variance in the data cumulatively explained by the principal 
components serves as an indication of the relevance of the higher principal com-
ponents. 3-dimensional visualizations are also possible, requiring more atten-
tion to presentational details to be easily decipherable but having potential to 
illustrate in a useful way more complex relations between different samples and 
attributes. An experience map, based on principal component analysis, is thus 
a linear model that that reduces the dimensionality of the original user experi-
ence data for purposes of visualization, interpretation, and communication. 

Figure 8 shows a sketch illustrating the basic concept of the experience map. 
The sample locations are denoted by red squares. The vectors of different 
lengths and orientations originating from the origin of the diagram correspond 
to different attributes. Vectors of different colors further distinguish attributes 
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of different levels. The basic principle of interpreting the map is that samples 
located close to one another evoked experiences that were relatively similar to 
one another, while differing more from the experiences evoked by samples lo-
cated farther apart in the map. Attributes whose vectors point in the direction 
of the given samples were generally more strongly associated with those sam-
ples than with other samples. Further, attribute vectors pointing in the same 
direction indicate higher positive correlations between the corresponding at-
tributes, while attributes whose vectors point in opposite directions were nega-
tively correlated in the data. Roughly perpendicular vectors indicate low corre-
lations between attributes or uncorrelated attributes. High correlations between 
attributes of different levels suggest that the lower-level attributes may act as 
antecedents or determinants of higher-level attributes, physical properties and 
design choices leading to certain kinds of visual perceptions and ultimately re-
sulting in certain kinds of experiences, for example. 

Sections 3.6, 6.2, and 6.4 show the experience maps obtained from the exper-
iments reported in Publications 5, 2, and 4, respectively. 

 

The concept of the experience map, initially envisioned mainly as a tool for an-
alyzing those aspects of user experiences of digital and print media products and 
services that arise out of visual and multisensory perception, was originally con-
ceived by the author and his colleagues largely independently of other work. The 
first experience map diagrams were inspired by the discussions between the au-
thor and his colleague Ismo Heikkilä around the topic of finding different ways 
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for applying multivariate data analysis methods along multiple lines of research, 
from user experience studies to image quality and process control. The first pub-
lished studies employing experience map diagrams were those reported by 
Laine et al. (2009, 2010) and Mensonen et al. (2010). However, the general idea 
of using multivariate statistical analysis methods in the analysis of perceptual 
attributes can hardly be considered a new one. Over the years, we have become 
increasingly aware of and inspired by similar methods and approaches, applied 
in number of different disciplines, and described in the literature and discussed 
in conferences. 

Originally the main inspiration for the experience mapping approach was the 
use of multivariate statistical methods in the field of sensory and consumer sci-
ence, where the aim has been to investigate the relationships between physical 
and chemical properties of consumer products such as foods and beverages and 
the multisensory perceptions that they evoke (e.g., Dijksterhuis, 1995; Meil-
gaard et al, 1999; Dijksterhuis, 2008; Stone et al., 2012). Especially relevant to 
the current work is the group of multivariate statistical methods known as pref-
erence mapping (Carroll, 1972), an approach used to develop a deeper under-
standing of consumer acceptance and liking of products. The external prefer-
ence mapping method aims to map the preference-based consumer clusters to 
the same multidimensional representation with the product samples and their 
sensory and/or physical attributes (Meullenet et al., 2008). This multidimen-
sional representation, the sensory space of the product samples, is typically de-
rived from the sensory profiles of the samples, i.e. descriptions of samples in 
terms of multiple sensory attributes, often via principal component analysis. 
The arrangement of perceptual attribute data and the mapping of attributes and 
samples to the principal component space in the experience mapping approach 
is thus essentially identical to the construction of the multidimensional repre-
sentation in external preference mapping. As an interesting and relevant side 
note, from the perspective of explaining preferences based on perceived attrib-
utes, Jaeger et al. (2000) point out that the mapping of preferences to the sen-
sory space only makes sense when the sensory space contains the dimensions 
that pertain to the consumer preferences. 

Experience mapping can be seen as an adaptation of the multivariate methods 
from sensory analysis of foods and beverages to the evaluation of the user expe-
riences of digital services and media products, as well as other kinds of interac-
tive products. Lokki and coworkers have similarly adapted sensory evaluation 
methods and principal component analysis and related data analysis methods 
to the description and comparison of concert hall acoustics from the perspective 
of concertgoer experiences (e.g., Lokki et al., 2012; Lokki, 2014). 

There are several multivariate data analysis methods that could potentially be 
used in experience mapping, such as independent component analysis or self-
organizing maps. The principal component analysis (also known as Karhunen-
Loéve transform, Hotelling transform, or singular value decomposition (SVD), 
depending on the field of application) used in this thesis, has been shown to be 
optimal in representing any given data set in the sense that it explains the max-
imum amount of variance in the data with the given number of components 
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(Hotelling, 1933; Karhunen, 1947; Gonzalez & Woods, 1998; Jackson, 2003). In 
various cases, there may be other criteria for choosing the analysis method, 
however. 

Interpretation-based quality (IBQ) approach for image quality evaluation 
combines qualitative methods with quantitative analysis to derive the relevant 
perceptual attributes to describe subjective viewing experiences, and to relate 
subjective meanings and mental impressions to conventional image quality at-
tributes and preferences (e.g., Radun et al., 2008; Häkkinen et al., 2008; Radun 
et al., 2010). In IBQ, categorical data of verbal descriptions of different image 
contents or display conditions are collected. Correspondence analysis (CA) can 
then applied to the data to derive a 2-dimensional map that illustrates the sim-
ilarities and differences between different descriptions and conditions. Corre-
spondence analysis applies to categorical data. The role of principal component 
analysis in experience mapping, applied to continuous attribute scales, is simi-
lar to the role of correspondence analysis in the IBQ approach. 

The kind of free-sorting and description used in the IBQ approach can also be 
used in other application areas besides image quality, and could also be applied 
in the preference mapping approach to establish the relevant perceptual attrib-
utes. Multidimensional scaling (MDS) methods have also been applied to derive 
from free-sorting data multidimensional maps illustrating the perceived simi-
larities and differences between given samples. In the case of free-sorting data, 
MDS works with frequencies with which given samples are classified in the same 
category, a measure of their perceived similarity, to derive a multidimensional 
configuration of samples. Methods in the MDS family, widely used in marketing 
research, thus derive a spatial representation of samples from a measure of dis-
similarity between them. MDS by itself, although creating a multidimensional 
configuration of samples suggestive of their perceptual differences and similar-
ities, does not provide means for interpreting the differences in terms of per-
ceived attributes. However, by combining verbal descriptions with a free-sort-
ing task, one could also aim to interpret the dimensions of spatial maps of sam-
ples obtained via MDS in terms of perceptual attributes. Radun et al. (2008) 
note that free-sorting and characterization approaches similar to those used in 
IBQ have been used, for example, in determining perceptual dimensions and 
semantic interpretations in the contexts of tactile perceptions of car seat mate-
rials (Picard et al., 2003) and visual perceptions of plastic pieces (Faye et al., 
2004); both of these studies use MDS, the former enriching it with correspond-
ence analysis. In an unpublished commercial study carried out in 2008, we have 
applied free-sorting, verbal descriptions, and MDS in combination with experi-
ence mapping: in that case, the multidimensional maps of samples obtained 
with the two approaches were very similar to one another, the two methods thus 
helping to interpret and confirm the results obtained with the other method. 

Related to user-centric definition of the relevant perceived attributes based on 
a set of samples, the Repertory Grid interview and analysis technique originated 
in the field of interpersonal psychology in the context of George Kelly’s personal 
construct theory (Kelly, 1955), but has since then been applied in a variety of 
fields, including consumer studies, tourism, and user experience design (e.g., 
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Embacher & Buttle,1989; Hassenzahl & Wessler, 2000; Hassenzahl & Tra-
utmann, 2001; Fallman & Waterworth, 2005; Lemke et al., 2011). In the Reper-
tory Grid Technique (RGT), the participants are typically presented with a rela-
tively small number of samples, and asked to describe attributes in which the 
samples differ from one another. After defining the personally relevant attrib-
utes, the personal constructs, the participant is asked to rate the samples, or 
elements as they are called in the Repertory Grid Technique, in terms of these 
attributes, typically on a 5-point scale. Clustering methods can then be used on 
the data from individual participants to describe the subjective similarities be-
tween different attributes and samples, in a form of a repertory grid table for 
each participant. By aggregating ratings from multiple participants, it is possi-
ble to apply principal component analysis in the vein of preference or experience 
mapping to derive 2-dimensional maps of samples and perceived attributes 
(e.g., Fallman & Waterworth, 2005). 

Product Reaction Cards are another method for describing and discussing 
products in terms of their user-perceived attributes (Benedek & Miner, 2002). 
Instead of having the users generate the attributes by themselves, presumably 
less time-consuming method of selecting the most suitable descriptive words for 
given samples from a relatively large number of predefined options is used. The 
cards are intended to be used in qualitative sorting and description approaches, 
the principal motivation for their use being to inspire users to discuss their ex-
periences with the products being evaluated in more detail and depth. 

The other sorting and description methods are potentially useful in establish-
ing the relevant perceived attributes and user experience methods for given 
kinds of products and services, to be subsequently evaluated with quantitative 
multivariate approaches such as experience mapping. Some of the descriptive 
approaches discussed above include a quantitative evaluation step, resulting in 
a mapping of evaluated samples in a perceptual space derived from completely 
user-generated attributes. These are viable alternatives for describing the expe-
riences evoked by the given set of samples. However, the methods requiring col-
lection and analysis of qualitative data, while probably more efficient than com-
pletely open interviews, are still likely to be prohibitively time-consuming in 
cases where data from large number of participants is required, to identify user 
segments with different perceptions or preference, for example, or when a de-
sign cycle dictates a short time-frame in which the user experiences of given set 
of products or prototypes needs to be evaluated. At the start of the design cycle, 
or when dealing with a new type of product, service, concept, or technology, it 
may be justifiable to invest resources in more time-consuming user studies to 
establish an in-depth understanding of the relevant perceived attributes and 
user experience dimensions. 
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“ In woven and embroidered stuffs the appearance of colors is profoundly 
affected by their juxtaposition with one another (purple, for instance, appears 
different on white than on black wool), and also by differences of illumination. 
Thus embroiderers say that they often make mistakes in their colors when they 
work by lamplight, and use the wrong ones. ” 

    
-Aristotle (350 BCE), Meteorologica 

 
This chapter focuses on the relationships between the variables at the bottom 
and middle levels of the experience mapping approach described in chapter 2, 
the physical properties of the sample and the sensory perception attributes, re-
spectively. Here the focus is solely on samples as visual stimuli and the visual 
perceptions evoked by those stimuli. Publications 1 and 2 provide two different 
perspectives to connecting sample properties and their visually perceived attrib-
utes. After discussing those approaches in the context of related research, the 
contribution of publication 1 to visual modelling is summarized in the latter part 
of this chapter. 

 

 
A visual model is a mathematical model, a computational algorithm that aims 

to predict the visual perception evoked by a given visual stimulus in terms of 
certain visual attributes. The parameters of visual models are typically fit to data 
sets obtained from psychophysical experiments in which the visual perceptions 
evoked by a set of physical stimuli with varying properties are measured by ap-
propriate psychometric methods (Engeldrum, 2000). Alternatively, visual mod-
els can be derived from the physiology of the human visual system. Sometimes 
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both are used in varying degrees to inform the algorithm design and parameter-
ization of visual models. 

An example of a visual model, a conventional lightness function calculates a 
numerical correlate for perceived lightness of a uniform color patch that sub-
tends a visual angle of 2 degrees, seen on a uniform mid-gray background, based 
on the luminance of the color patch (Wyszecki & Stiles, 1982; CIE, 1986). The 
lightness correlate, L*, calculated by the function, can be considered to be an 
objective metric of lightness, assuming it corresponds reasonably well with sub-
jective lightness perceptions of human observers with normal color vision in the 
specified viewing conditions. Note that while human perceptions and experi-
ences are by definition subjective, proper psychometric scaling of those subjec-
tive sensory and mental states is not considered to be subjective. However, here 
the convention of using the term objective metric to denote values derived from 
the properties of physical stimuli via measurement devices and/or computa-
tional algorithms is adopted, as opposed to values obtained via psychometric 
experiments involving subjective judgment by the participants of the experi-
ment. Here the relationship between the physical property of the stimulus, the 
intensity of light reflected from or emitted by a color patch, quantified by the 
instrumentally measured luminance value, and the perceived lightness, a sen-
sory attribute associated with the patch, measured by psychometric scaling 
methods or predicted by a visual model, is nonlinear. While sensory perceptions 
and subjective experiences are considered to be internal mental states, the con-
cept of attribution is an interesting one and especially relevant to the approach 
adapted in this thesis: while the perception or experience arises in human mind, 
the perceived property is attributed to the given stimulus, product, service, or 
system. Similar nonlinearities have been found between the magnitudes of 
physical stimuli and the intensities or strengths of sensory perception more gen-
erally. These nonlinear relationships are often described by power functions in 
accordance with Stevens’ Power Law (Stevens, 1961), although the perception 
of stimuli in complex real-life environments and dynamic contexts is known to 
be more complicated (Goldstein, 1996). 

The grayscales from black to white in numerically equal steps of perceived 
lightness, L*, and relative luminance, Y, shown in Figure 9, illustrate the differ-
ence between the physical magnitude of stimulus (luminance, in this case) and 
the intensity or strength of sensory perception (lightness). As can be seen, the 
lightness scale is visually approximately uniform, with differences between any 
two neighboring patches appearing approximately equal throughout the scale. 
In contrast, equal numerical luminance differences produce a visually non-uni-
form scale: the perceived difference between relative luminance values of 0 and 
10 is far greater than between 80 and 90, for example. This simple example 
shows that in some cases a mathematical model can be used to predict the sen-
sory perception evoked by the given visual stimulus. Also, the model, in this case 
the lightness function, can be inversed to calculate the physical stimulus re-
quired to produce the desired visual perception. Visually uniform color spaces, 
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where numerical differences approximate the magnitudes of perceived color dif-
ferences, are further linked to color appearance modeling, discussed in the next 
section. 

 

 

In image quality research, visual models are used in analyzing and predicting 
the perceived quality of images produced by different kinds of imaging systems. 
In image quality modeling, individual visual attributes, including preferential 
attributes like contrast, colorfulness, and color balance, and artifactual attrib-
utes like unsharpness and digital compression artifacts, are typically treated as 
determinants of overall perceived image quality (Keelan, 2002). Although con-
siderably more difficult to model and include in objective image quality evalua-
tion, the significance of aesthetic attributes like composition and lighting qual-
ity, as well as attributes related to personal value of pictures, like preserving a 
cherished memory or conveying a subject’s essence or the experienced atmos-
phere of a specific place or event, is also recognized, and needs to be taken into 
account when examining user preferences. The latter kinds of attributes are far-
ther removed from lower-level sensory perception and can be seen as higher-
level experience dimensions. 

Image quality models typically use visual models reflecting properties of the 
human visual system (Wandell, 1995; Hérault, 2010) to calculate, based on 
characteristics of images, imaging systems, or imaging system components, cor-
relates for perceived image quality attributes. Such an image quality model then 
aims to predict the overall quality from perceived image attributes, possibly tak-
ing into account interactions between different attributes, such as masking ef-
fects where prominence of one attribute acts to hide or weaken the perceived 
magnitude of another attribute. (Yendrikhovskij, 1999; Keelan, 2002; Winkler, 
2005) 

It is common for image quality models to use the calculated perceptual dis-
tance of the image being analyzed from a reference image as a measure of the 
overall image quality: the more similar to the ideal reference an image is per-
ceived to be, the higher its overall perceived overall quality (e.g., Daly, 1993; 
Johnson & Fairchild, 2003; Winkler, 2005). No-reference image quality models 
aim to predict the perceived quality solely by analyzing the image itself, without 
comparing it to a reference image, which is a considerably more challenging task 
(e.g., Janssen & Blommaert, 1997; Janssen, 2001; Winkler & Campos, 2003; 
Winkler & Dufaux, 2003; Saad & Bovik, 2012; Saad et al., 2012). 



56 

Both within and outside of the field of traditional image quality research, there 
are cases in which there is no ground for using a specific detailed visual model 
to connect the properties of an image or another kind of visual stimulus to the 
perceived attributes. With sufficient resources, one could systematically vary 
the given image property and experimentally measure the intensity of relevant 
perceived attributes(s), using means such as linear regression to fit a function 
to the experimental data and thus obtain an experimental model to describe the 
relationship between the physical properties of the stimulus and the visual at-
tributes. 

The experience mapping approach also provides a means for exploratory anal-
ysis of relationships between the properties of different visual stimuli and the 
visual perceptions that they evoke. In the study described in Publication 2, the 
effect of material choices to the perception of point-of-sale displays was exam-
ined. The experience map, by revealing the correlations between different visual 
attributes and allowing one to compare different samples in terms of these at-
tributes, provides a practical exploratory tool for examining how the physical 
properties of the samples affect the visual perceptions that they evoke. Meas-
urements and analysis involved in the experience mapping approach, as well as 
the perspectives of Publication 2, are discussed in further detail in chapters 3 
and 4. Other studies in which experience mapping has been used to examine the 
relationships between physical properties and visual and other sensory attrib-
utes inlude the one reported by Mensonen et al. (2010). 

A color appearance model is a specific kind of visual model, one that aims to 
predict the perceived color of a color stimulus based on its physical properties 
and the properties of the environment in which it is seen. Study of color appear-
ance and color specification systems dates back to ancient times, and the devel-
opment of our understanding of color perception through centuries and decades 
intertwines perspectives of art, science, craft, and technology (e.g., Aristotle, 
350 BCE; Goethe, 1810; Munsell, 1915; Hunt, 1957; Itten, 1961; Albers, 1963; 
Wyszecki & Stiles, 1982; Cage, 1993; Fairchild, 1998; Kuehni, 2003). 

The study of so-called optical illusions has increased our understanding of vis-
ual perception and various color appearance phenomena. The optical illusions 
help to illustrate the workings of different visual mechanism in perceiving colors 
in complex scenes. Figure 10 shows the famous checker shadow illusion, which 
illustrates how our visual system discounts, by various perceptual and cognitive 
processes, the effects of illumination changes on perceived colors. While the in-
tensities of light reflected from squares A and B are identical, as revealed by the 
right-hand side picture, on the left-hand side picture we interpret square B to 
be in shadow and thus see it as lighter than square A. 
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Figure 11 shows another example of our visual system striving for approximate 
color constancy, perceiving and interpreting object color in relation to the sur-
roundings. On the left-hand side, the whole scene is perceived to have a green 
color cast, but the bananas are still perceived as yellow. On the right-hand side 
picture, with an approximately neutral color balance, the banana perceived as 
vivid green is physically identical to the corresponding banana on the left-hand 
side picture: the color of the two bananas would be perceived as identical if the 
two color stimuli were seen in the same context. This can be verified by masking 
the rest of the picture. Again, identical color stimuli produce different color per-
ceptions when seen in different contexts. 

 

 

Study of fundamental dimensions of color perception and specification of per-
ceptually uniform color spaces spanned by those dimensions has been of both 
philosophical and practical interest. The results bear significance in several dif-
ferent application areas, as color is such a fundamental part of how we perceive 
the world around us. Perceptually uniform color spaces, in which equal dis-
tances between two points approximate the magnitudes of perceived differences 
between the two colors, are at the heart of many modern color management and 
color reproduction systems, playing a central role in device-independent com-
munication of color and color quality control (Luo et al., 2001; Giorgianni & 
Madden, 2008; Green, 2010). 
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Vast body of research in experimental perceptual psychology and physiology 
of vision supports the idea of representing perceived color in a 3-dimensional 
space (e.g., Hering, 1905, Jameson & Hurvich, 1955; De Valois, 1960; Derring-
ton et al., 1984; Lennie et al., 1990; Wandell, 1995). Lightness attribute, men-
tioned earlier, is commonly depicted as the vertical axis of that space, with red-
green and yellow-blue opponent color dimensions spanning the plane perpen-
dicular to lightness, as sketched in Figure 12. Representing that chromatic plane 
in cylindrical coordinates yields the hue angle, indicating the similarity of the 
perceived color to unique hues such as red or yellow, and chroma or colorful-
ness, indicating the purity of the perceived color. 
           

    

When considering relative perceived color of similarly illuminated objects, 
factoring out the absolute level of illumination, relative color attributes light-
ness, chroma, and hue are used to specify a color perception. Using these rela-
tive attributes, the lightness of a perfectly reflecting white object remains con-
stant, typically at 100, across changes in the lighting intensity, for example. 
Chroma similarly remains approximately constant with changes in lighting lev-
els. Chroma is, however, likely to change when the color of illumination is var-
ied. When considering absolute color perception, taking into account the inten-
sity of illumination, brightness and colorfulness replace the relative attributes 
lightness and chroma. Absolute color attributes brightness and colorfulness in-
crease with increasing intensity of reflected or emitted light, i.e., with increasing 
luminance level. Lightness can be understood as relative brightness and chroma 
as relative colorfulness, judged relative to the brightness of a similarly illumi-
nated area that appears to be white. While in practice it is often, but not always, 
sufficient to use three of the five attributes to describe perceived color, five per-
ceptual dimensions, or attributes are required for a complete specification of 
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color appearance (Nayatani, 1990). Perceptual attribute saturation is further re-
lated to colorfulness and chroma and defined as colorfulness of an area judged 
in proportion to its brightness. 

Mathematical models like CIELAB, commonly used in color specification, can 
be considered to be simple color appearance models. CIELAB computes corre-
lates for the perceptual attributes lightness, chroma, and hue based on the rela-
tive XYZ tristimulus values of a color sample and the relative XYZ tristimulus 
values of a reference white, corresponding to those of the light source illuminat-
ing the sample or the screen white point in self-luminous displays. XYZ tristim-
ulus values can be calculated from the spectral power distribution of a color 
stimulus based on the color matching functions of a so-called standard colori-
metric observer. XYZ tristimulus values, the basis of basic colorimetry, indicate 
whether two, possibly metameric color stimuli match in color in given condi-
tions of observation for an average observer with normal color vision, but do not 
describe the perceived appearance of the color stimuli. Models like CIELAB 
build on the basic colorimetry to describe color appearance, but assume simple 
conditions of observation, with a uniform mid-gray background surrounding 
the color stimulus, and do not take into account wider variations in viewing con-
ditions or more complex adaptation effects in the human visual system. 

It is fair to say that the holy grail of advanced colorimetry, a method to accu-
rately assess the color perceptions evoked by color stimuli seen in complex and 
variable surroundings of everyday life, has not yet been reached. While reaching 
this ultimate goal remains, due to the wide variety of real-life viewing conditions 
and the enormous complexity of sensory and cognitive mechanisms involved in 
color perception, a considerable challenge, advanced color appearance models 
have been developed that incorporate a wider range of viewing conditions and 
visual mechanisms in their parameters and algorithms, aiming to more accu-
rately predict the appearance of a color stimulus in various viewing conditions. 
Cross-media color reproduction, where same image content is reproduced 
across different media and viewing conditions, is an obvious application area 
for color appearance modeling, among others. (Fairchild, 1998; Hunt, 2005) 

CIECAM97s, the color appearance model applied in publication 1, as de-
scribed in the following section, provides a representative example of the com-
putational steps and parameters involved in advanced color appearance models 
(CIE, 1998; Luo & Hunt, 1998). As in the case of CIELAB, the input data of 
CIECAM97s includes the XYZ tristimulus values of the sample, i.e. the color 
stimulus whose appearance is to be predicted, and those of a perfect white dif-
fuser in the same viewing conditions. Beyond that, the luminance of the adapt-
ing field, usually taken to be 20% of the luminance of white in the observer’s 
field of view, as well as the tristimulus values (in CIECAM97c) or relative lumi-
nance of the sample background (in CIECAM97s) are specified. Further view-
ing-conditions-specific input parameters include an impact of surround param-
eter, a chromatic induction factor, a lightness contrast factor, and a factor for 
controlling the degree of chromatic adaptation. These parameters will also be 
further discussed in the following section. 



60 

A chromatic adaptation transform of multiple computational steps is the first 
phase of the CIECAM97s algorithm. Chromatic adaptation is an important first-
order color appearance phenomenon, with considerable practical implications 
to reproduction and perception of colors in varying illumination conditions. 
Chromatic adaptation refers to the human visual systems’ ability, by means of 
various sensory and cognitive mechanisms, such as independent sensitivity ad-
justment of the three types of cone receptors on retina and the use of memory 
colors, to approximately preserve the perceived color of objects under varying 
colors of illumination (Wyszecki & Stiles, 1982; Wandell, 1995, Fairchild 1998; 
Wright 1981, Lennie & D’Zmura 1987). Without chromatic adaptation, our per-
ception of object colors would vary enormously with illumination, making it dif-
ficult recognize object colors under different light sources. In a related branch 
of research, computational color constancy algorithms aim to recover canonical 
or illumination-independendent descriptors of object colors under varying illu-
mination color (Maloney & Wandell, 1986; Barnard et al., 2002; Ebner, 2007). 
Computational color constancy is important in machine vision, photographic 
workflows, and is also useful in increasing the understanding of constraints un-
der which the human visual system seeks to achieve color constancy and in 
providing mechanisms that could possibly be used in modeling human perfor-
mance.  However, as the earlier quote from Aristotle also suggests, chromatic 
adaptation in the human visual system is far from perfect, and thus our percep-
tion of colors varies with illumination color to varying degrees (Wandell, 1995). 
Incomplete chromatic adaptation and mixed adaptation states in presence of 
multiple light sources of different colors are of practical importance in photog-
raphy and in color reproduction generally, as well as when viewing real scenes 
(Hunt, 1976; Henley & Fairchild, 2000; Hubel, 2000; Laine & Saarelma, 2000; 
Lynch & Livingston, 2001; Sueeprasan & Luo, 2001; Laine, 2002; Publication 
1). 

The concept of corresponding colors is a central one to modeling chromatic 
adaptation, and to color appearance modeling more generally. Corresponding 
colors are two color stimuli, specified by their XYZ tristimulus values, that, 
when viewed under two different colors of illumination, evoke the same color 
appearance. It should be noted, that the two stimuli are rarely identical in terms 
of their spectral power distributions and XYZ values. In other words, it generally 
takes stimuli with different physical properties to evoke identical color percep-
tions when viewing conditions are different. The initial chromatic adaptation 
transform of CIECAM97s essentially calculates the corresponding colors for the 
given color stimulus in equal-energy-illuminant reference viewing conditions, 
in a space of sharpened cone responses. The equal-energy-illuminant, a theo-
retical light source whose energy is distributed evenly across the visible wave-
lengths, is used as an internal reference in the model. The degree of chromatic 
adaptation factor is involved in this step of the model. Nonlinear response com-
pression is then applied in a space of different cone responses to calculate post-
adaptation cone responses. The luminance of adapting field is involved in re-
sponse compression calculations. Perceptual attributes lightness, brightness, 
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hue, saturation, chroma, and colorfulness are then calculated via separate non-
linear functions from the post-adaptation cone responses. The impact of sur-
round and lightness contrast factors figure in the calculation of lightness and 
brightness of the sample, as does the relative luminance of background. The 
chromatic induction factor as well as the relative luminance figure, among other 
factors, figure in the calculation of chroma and colorfulness. These predicted 
values of the six perceptual attributes of the sample, as seen in given source 
viewing conditions, are the output of the color appearance model. (CIE, 1998; 
Luo & Hunt, 1998) 

It should be noted that CIECAM97s was described as an interim model by the 
CIE work group that put it together, combining best knowledge of color appear-
ance modeling at the time and intended to guide and inform further testing, ap-
plication, and development of color appearance models for practical applica-
tions. It has since then been supplanted by the CIECAM02 as the official recom-
mendation of CIE (Moroney et al., 2002; Luo, 2012). Other color appearance 
works and models, of both historical and still practical relevance, include the 
early chromatic adaptation studies and subsequent pioneering development of 
an extensive and complex color appearance model by Robert W. G. Hunt (1952, 
1982, 1987, 1991, 1994, 1995, 2005), as well as the color appearance models by 
Hunt and Pointer (1985), Nayatani et al. (1986, 1987, 1995), Guth (1991, 1994a, 
1994b, 1995), Fairchild & Berns (1993), Luo and Morovic (1996), Luo et al. 
(1996), and Fairchild (1996). Color appearance models that use spatial and pos-
sibly temporal filtering functions to account for spatial and temporal adaptation 
effects in the human visual system have also been proposed, such as the image 
color appearance model iCAM (Johnson, 2003; Fairchild & Johnson, 2002, 
2004). The spatial processing approach of these models bears some resem-
blance to the Retinex model and related approaches (Land & McCann, 1971, 
McCann, 1993). 

In the study reported in Publication 1, CIECAM97s color appearance model 
was applied in controlling the perceived colors produced on a computer display 
in varying viewing conditions. The paper introduced the idea of analyzing the 
data obtained from a light sensor to estimate the current ambient illumination 
conditions and subsequently using this ambient illumination information to 
adapt the output of a self-luminous display so as to maintain the perceived col-
ors approximately constant across variations in ambient illumination. A proto-
type illumination-adaptive display system was described in the paper that used 
a webcam to sense the ambient illumination. Based on the output of the webcam 
an automatic color adjustment algorithm estimated the illuminance level and 
color of ambient illumination. The algorithm then adjusted the color reproduc-
tion of a computer monitor so as to maintain the perceived colors of the images 
viewed on the monitor approximately constant despite changes in ambient illu-
mination. The prototype system applied the CIECAM97s color appearance 
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model in calculating a color transform for compensating for the perceptual ef-
fects of varying ambient illumination. 

Figure 13 depicts the general steps of the illumination-adaptive color repro-
duction algorithm used in the prototype system. An ICC (International Color 
Consortium) color profile (ICC, 2010) describes how to interpret the RGB val-
ues of the original image, allowing them to be transformed into XYZ tristimulus 
values of a standard colorimetric observer. These tristimulus values define, for 
each pixel of the image, the color stimuli needed in certain reference viewing 
conditions to reproduce the intended color appearance. The encoding based on 
XYZ values is thus device-independent but not independent of viewing condi-
tions. The reference viewing conditions are used as source viewing conditions 
in the CIECAM97s color appearance model, and the XYZ values are transformed 
into lightness (J), chroma (C), and hue (h) values. These perceived color attrib-
utes encode the colors of the image without referring to any specific viewing 
conditions, thus essentially achieving viewing-condition independent color en-
coding. After this perceptual encoding, the task remains to find out the stimuli 
needed to reproduce these perceived colors in the given target viewing condi-
tions, that is, the actual viewing conditions of the computer display. The target 
viewing conditions for the automatic color adjustment algorithm are specified 
based on analysis of the data from the webcam, including the RGB image data 
and current camera settings. The viewing condition parameters in the 
CIECAM97s model are then set according to these target viewing conditions, 
corresponding to the estimated current ambient illumination conditions, and 
the model is inversed to transform the perceived attributes to the corresponding 
color XYZ values, the tristimulus values required, according to the model, in the 
target viewing conditions to evoke the same color perception. Finally, the 
knowledge of the color reproduction characteristics of the self-luminous dis-
play, encapsulated in an ICC color profile, is used to transform the correspond-
ing color XYZ tristimulus values in the target viewing conditions to RGB values 
in the color space of the specific computer display. This computationally com-
plex color transformation is encoded as three 3-dimensional color look-up ta-
bles, which are in practice used in transforming the RGB values of the original 
image, pixel by pixel, to the illumination-compensated RGB values used to drive 
the output of the computer monitor. 

Also shown in Figure 8 is the optional step for compensating for viewing flare 
that also varies with varying ambient illumination conditions. This viewing flare 
compensation was further described by Laine & Kojo (2004a, 2004b), and im-
plemented also in an interactive television application. It was not, however, de-
scribed in Publication 1, in which the focus was on a psychometric experiment 
studying the appropriate parameterization of the color appearance model to 
compensate for perceptual effects of varying ambient illumination, as summa-
rized next. The setup of this experiment essentially eliminated the viewing flare. 
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The experiments sought to find the optimal values for two central viewing con-
dition parameters of the CIECAM97s color appearance model in three different 
ambient illumination conditions, in order to reproduce a set of experimental 
photographic images in each of those three viewing conditions such that the 
perceived colors of images matched across the viewing conditions as closely as 
possible. Images viewed in one of the three viewing conditions was used as a 
reference, and different versions of those images, reproduced with different 
viewing condition parameter values in CIECAM97s, were matched to the images 
viewed in the reference viewing conditions by ten participants. A paired com-
parison setup using a memory matching technique, considered appropriate for 
color matching across changes in viewing conditions (Wright, 1981; Wandell, 
1995; Braun et al., 1996; Fairchild, 1998), was used, as discussed in section 3.5.1. 

A special apparatus, shown in Figure 14, was constructed for viewing the im-
ages in different viewing conditions without considerable ambient flare. This 
was achieved by hiding the computer display inside a box, with a viewing aper-
ture cut to the side and viewing geometry designed such that only the image 
shown on the display was visible through the aperture. In the subject’s view the 
displayed image was surrounded by the outside surface of the mid-gray card-
board box, illuminated by the ambient light source. This setup guaranteed that 
the subject was adapted to the ambient illumination conditions but the ambient 
lighting did not affect the physical image stimulus via reflections from the dis-
play, thus allowing ambient illumination and the image stimulus to be con-
trolled independently of one another. 
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Figure 15 shows that the optimal values for the parameter D modeling the de-
gree of chromatic adaptation were different for the two viewing conditions with 
different ambient illumination illuminance levels and chromaticity. Z-scores on 
the vertical axis were derived from the paired comparison data according to 
Case V of Thurstone’s (1927) Law of Comparative Judgement. The differences 
in z-scores represent the magnitudes of perceived color differences between the 
samples. Vertical bars depict 95% confidence intervals for the z-scores. The re-
sults shown in Figure 15 were derived from aggregated judgement data of four 
different image contents. The sample with the highest z-score in each viewing 
condition was perceived to be the closest match to the colors of the image seen 
in reference viewing conditions, and thus corresponds to the optimal value of 
the parameter D in those viewing conditions.  The optimal values were also dif-
ferent in these two viewing conditions for the parameter c involved in modeling 
the effect of ambient illumination in the perceived lightness contrast of the im-
ages. 

The parameter D controls the assumed degree of the observer’s chromatic ad-
aptation, ranging in value from 0.0 (no chromatic adaptation) to 1.0 (complete 
chromatic adaptation to the chromaticity of the given light source). In case of 
complete chromatic adaptation, a stimulus with the same chromaticity as the 
light source is perceived as achromatic, i.e. neutral white or gray. In this case of 
mixed adaptation (display and ambient light), as the experimental results in 
Figure 15 show, the observer’s visual system is incompletely adapted to the color 
of the ambient light, the degree of adaptation decreasing with the illuminance 
of the ambient light. Thus, optimal color match to the image seen in reference 
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conditions was obtained with intermediate values of D, meaning that displayed 
image colors should be shifted some distance towards the chromaticity of the 
ambient illumination to compensate for the chromatic adaptation effects. 

 

 

To illustrate the effect of these two viewing condition parameters in practice, 
in Figures 16 and 17 reproductions of two photographic images with different 
parameter levels are simulated. 
    

 

In the next phase of the experiment, images were reproduced with optimal 
viewing condition parameter levels found in the first phase of the experiment. 
Again, using a memory matching technique, the participants judged in different 
viewing conditions how well the perceived colors of different image version 
matched the colors seen in reference viewing conditions. The observers ex-
pressed their opinion using the following category scale: 5 (“Excellent,” no per-
ceptible difference to the reference), 4 (“Good,” slight difference), 3 (“Accepta-
ble,” an easily perceptible difference but the picture is still an acceptable repro-
duction of the reference), 2 (“Poor,” annoying difference), 1 (“Bad,” very annoy-
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ing difference). In each ambient illumination condition, the image version re-
produced with viewing condition parameters optimized for those viewing con-
ditions received the highest average ratings for matching the colors seen in ref-
erence viewing conditions. 

 
 

 

The contributions of publication 1 are in the domain of applying advanced 
color science to practical color engineering applications. The CIECAM97s color 
appearance model had been developed with practical applications in mind. Alt-
hough derived mostly from and tested with corresponding color data sets ob-
tained from psychophysical experiments with simple color patches (Fairchild, 
1998; Li & Luo, 2005), such advanced color appearance models were presumed 
to be applicable also in many kinds of real-world color engineering applications, 
such as cross-media color reproduction involving complex images viewed in dif-
ferent kinds of viewing conditions (Braun & Fairchild, 1997; Fairchild, 1998; 
Moroney, 2000; Hunt, 2005). However, published studies of such practical ap-
plications were scarce, as were practical guidelines for applying the models. 
Publication 1 increased the understanding of the feasibility of applying such 
complex color appearance models to color appearance reproduction, showing 
that with appropriate parameterization CIECAM97s was effective in color ap-
pearance reproduction of natural photographic images seen on a computer 
monitor across considerable changes in ambient illumination. The results also 
indicated the significance of appropriate setting of viewing condition parame-
ters for specific viewing conditions, suggesting that simply choosing parameter 
values from a table of generic viewing condition categories do not result in 
equally accurate color matches as can be achieved with optimal parameters for 
specific viewing conditions, and emphasizing that finding appropriate parame-
ter values for specific viewing conditions is not a trivial task. 
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In this chapter, the results of the studies described in Publications 2, 3, and 4 
are summarized in the context of their respective application areas and the rel-
evant background literature in those areas. The results of Publication 1 were de-
scribed above in Section 5.4 in the context of color appearance modeling re-
search and the results of Publication 5 earlier in Section 3.6 in the context of 
data collection and survey methodology research. 

The experiment of Publication 2 deals with differences in visual perceptions 
and mental impressions arising from material differences of printed products. 
The results of this experiment are summarized in Section 6.2. Publications 3 
and 4 both deal with reading experiences. Publication 3 experimentally com-
pares the reading experiences of digital and printed books, focusing on novels. 
Publication 5 examines the reading experiences of news publications with dif-
ferent designs and compares those to the reading experience of a conventional 
printed newspaper. While both studies deal with reading and involve a digital 
vs. print comparison, the experience of reading a linear narrative from a novel 
is so different from the fragmented and selective nature of news reading as to 
warrant separate sections. There are some experiential dimensions, such as fo-
cused attention, that appear to be relevant to both types of reading but many 
that are not. As research fields, book reading and news reading are rather dis-
tinct from one another. Further, in Publication 3 the focus was on experiential 
differences in book reading evoked by the printed or digital medium while in 
Publication 4 the main focus was on how different designs affect the news read-
ing experiences and cater to different styles of news reading. 

In the case of printed products such as magazines, brochures, packaging, or 
point-of-purchase displays such as those examined in Publication 2, the appli-
cation of the experience mapping approach, including all three levels from phys-
ical properties via sensory perception to higher-level psychological experiential 



68 

attributes and dimensions, is rather straightforward and easily justified: mate-
rial and design choices clearly affect the properties of the physical product, 
which the user senses as perceptual attributes of the product, which in turn in-
teract to affect the cognitive appraisal of the product, molding the higher-level 
experiential dimensions and the mental impressions associated with the prod-
uct. The value of such mental impressions and of understanding how they can 
be affected is also well recognized, when considering the value chain of con-
sumer products such as magazines, from paper manufacturers to publishers and 
readers, or the role of packaging in marketing. It is thus not surprising that ex-
perience mapping and similar approaches have been previously used for ana-
lyzing the perceptions of different types of printed products, by us and other 
researchers (e.g., Laine et al., 2009, 2010; Lindberg and Kihlstedt, 2009; Men-
sonen et al., 2010). 

Point-of-purchase (POP) displays are used in in-store marketing communica-
tions to catch the consumer’s attention, create positive mental impressions, and 
ultimately to increase sales. The study reported in Publication 2 focused on con-
sumer perceptions of specific kinds of POP displays: sweets selling racks pro-
duced by inkjet printing, such as those shown in Figure 18. Digital printing of-
fers new kind of potential for producing versatile and tailored in-store market-
ing communication materials such as POP displays. However, consumer per-
ceptions of inkjet print quality and different materials had not been previously 
studied in the context of POP displays. The experiment reported in Publication 
2 sought to increase the understanding of the effect of different material choices 
on the consumer perceptions on inkjet-printed POP displays, and to assess the 
acceptability of inkjet print quality in comparison to the perceived quality of 
POP displays produced by conventional offset printing methods. 
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The study examined the relationships between different material choices, the 
perceived visual attributes of the POP displays, and mental impressions associ-
ated with them. In wider perspective, the study is related to research on con-
sumer shopping experiences and behavior, and in-store communication. 

Many of retail purchases are unplanned, and in some product categories, e.g., 
hedonic goods such as chocolate, purchase decisions are very likely to be made 
on impulse (Inman, Winer and Ferraro, 2009). In-store communication and 
point-of-purchase marketing are much researched areas and they are increasing 
their share of the marketing expenditure (e.g., Ailawadi, Neslin and Gedenk, 
2001; Areni, Duhan and Kiecker, 1999; Beatty and Ferrell, 1998; Chandon et al., 
2009; Jansson, Bonton and Marlow 2003; Sigurdsson, Engilbertsson and Fox-
all, 2010; Wilkinson, Mason and Paksoy, 1982). The time available to catch the 
consumers’ attention in the store is very short: Hoyer (1984) observed that in a 
grocery store, it takes an average of 13 seconds from entering the aisle to com-
pleting the decision. Approximately 4.5 seconds of the time taken is devoted to 
the chosen brand. Consequently, the first communication objective in POP mar-
keting is to catch the consumer’s attention, differentiating from other brands. 
Other objectives are reminding consumers of marketing communications stim-
uli, providing information about product attributes, creating an image of posi-
tive associations, and persuading consumers to impulse purchasing (Sigurds-
son, Engilbertsson and Foxall, 2010). In-store POP displays are one of the mar-
keting techniques used for catching the consumer’s attention, creating positive 
mental impressions, and ultimately increasing sales. 

Shopping experiences have been examined in terms of two dimensions related 
to the perceived value of shopping to the consumer: utilitarian shopping value, 
which reflects the instrumental benefits of shopping, and hedonic shopping 
value, which is tied to the experiential benefits. Utilitarian shopping value has 
been described as the acquisition of products or services in an efficient manner. 
It reflects a task-oriented, cognitive, and non-emotional outcome of shopping. 
The hedonic shopping value stems more from consumers’ fantasies, feelings, 
and fun than from task completion. Both the perceived utilitarian and hedonic 
shipping value affect consumer behavior and can have different effects on retail 
outcome variables. The building blocks of utilitarian shopping value, such as 
good variety and assortment, as well as the availability of inventoried merchan-
dise, provide a minimum threshold for competition, but not enough for building 
store loyalty. The hedonic aspect of shopping has more influence on the satis-
faction with the retailer, on positive word of mouth, and on repatronage antici-
pation, which have vital roles in building loyalty. (Holbrook and Hirschman, 
1982; Babin, Darden and Griffin, 1994; Babin and Darden, 1995; Jones, Reyn-
olds and Arnold, 2006) 

Adapting the work of Babin, Darden and Griffin (1994) and Sigurdsson, Engil-
bertsson and Foxall (2010), the communication objectives of POP marketing 
can be divided to those related to the utilitarian and the hedonic shopping value. 
The communication objectives related to utilitarian shopping value are task-re-
lated and rational: catching the consumers’ attention, reminding of marketing 
communications stimuli, and giving information about product attributes. The 
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communication objectives related to hedonic shopping value have to do with 
entertainment and emotional impact: creating positive associations and per-
suading to impulse purchasing. 

Babin, Darden and Griffin (1994) have developed a two-dimensional scale of 
personal shopping value, including both utilitarian and hedonic dimensions, 
operationalized via several questionnaire statements concerning either utilitar-
ian or hedonic aspects of the shopping trip. The scale has been used without 
major modifications in studying, for example, consumers’ perceptions of he-
donic and utilitarian shopping value associated with general merchandisers, re-
lationships between hedonic and utilitarian shopping value and retail outcome 
variables, and between interactivity dimensions and perceived consumption 
value in e-commerce (Carpenter, 2008; Carpenter and Moore, 2009; Jones, 
Reynolds and Arnold, 2006; Yoo, Lee and Parka, 2010). 

Earlier research on POP displays has mainly concentrated on their effects on 
increasing sales, and the main focus has been on the utilitarian aspects of shop-
ping (Wilkinson, Mason and Paksoy, 1982; Sigurdsson, Engilbertsson and Fox-
all, 2010; Areni, Duhan and Kiecker, 1999; Chandon et al., 2009). Related ear-
lier studies on mental associations and aesthetic responses deal with the design 
attributes of products or packages (e.g., Veryzer and Hutchinson, 1998; Creusen 
and Schoormans, 2005; Garber, 1995). The impact of the design attributes 
“unity”, “proportion”, and “focal point” on consumer aesthetic responses to POP 
displays has been studied by Jansson, Bonton and Marlow (2003). Apart from 
these aspects, there has been very little discussion on the hedonic value of POP 
displays in the literature. 

As mentioned above, the purpose of the study of Publication 2 was to examine 
the differences in mental impressions caused by varying materials and printing 
methods of specific kinds of POP displays, namely selling racks containing 
sweets boxes. The study thus focused on hedonic aspects of the shopping expe-
rience. 

The POP display samples were created by printing on six different materials 
with a flatbed inkjet printer. Seventh sample was produced by conventional off-
set printing and served as a quality reference. Attributes of all three levels of the 
experience mapping concept were measured from each sample, as described 
earlier in sections 3.4.2 and 3.5.2. A spectrophotometer and a glossmeter were 
used for colorimetric and optical gloss measurements, yielding objective 
measures derived from physical properties of the samples. 

Four visual attributes of the samples, lightness, colorfulness, gloss, and sharp-
ness, were measured by psychometric scaling methods:  a panel of 11 eleven 
printing experts assessed the samples in terms of each of these attributes with a 
direct difference estimation method based on a physical ruler, and perceptual 
interval scales were derived from the assessment data. The observers were in-
structed to place the samples with the highest and lowest magnitude of the given 
visual attribute on the opposite ends of the scale, and then to place the other 
samples on such intermediate positions on the scale that the relative distances 
of the samples approximately corresponded to their relative perceived differ-
ences in terms of the given visual attribute. Visualization based on principal 
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component analysis of the variance in evaluations across the 11 observers in the 
visual evaluation panel revealed outlier observations by 2 observers. The obser-
vations by these two observers were excluded from the analysis. Interval scales 
of the four visual attributes were derived from the evaluations of the 9 remain-
ing observers. The scale value for each sample on each visual attribute scale was 
calculated as the average of individual observations. Least significant difference 
values (LSD, see Meilgaard, Civille and Carr, 1999) between the scale values at 
95% confidence level were calculated to infer the significance of differences. 

Magnitudes of 13 mental associations were assessed by a consumer panel of 
25 persons, and corresponding mental impression scales were derived from the 
data. Each participant assessed the magnitude of each mental impression 
evoked by each sample on a continuous scale ranging from 0 to 100 using a dig-
ital slider device tailored for the purpose. Aggregate scale values for the samples 
on each mental impression scale were calculated by averaging over all partici-
pants. The 13 mental impressions for evaluation were chosen through a process 
that involved input from media professionals and the brand owner, as discussed 
in section 3.4.2. 

The experience map in Figure 19 combines the visual attributes and the men-
tal impressions into the same diagram and shows the samples overlaid on the 
attribute vectors, the distances between the samples being indicative of their 
perceived similarities and differences. The attribute vector directions are indic-
ative of the directions in the map in which the samples were more strongly as-
sociated with the given attributes or perceived to have a relatively higher mag-
nitude of the given attribute. It would have also been possible to add optically 
measured physical properties to the experience map, illustrating also their rela-
tions to the visual attributes and mental impressions. In this case, for the sake 
of clarity, we focused on the relationships between the visual attributes and 
mental impressions. 

In this case as much as 85% of the variance in the data between the POP dis-
play samples could be explained by the first principal component. Together, the 
first two principal components accounted for approximately 93% of the variance 
between the samples, representing the vast majority of perceived differences be-
tween the samples. The approximately horizontal direction of the graph differ-
entiates the samples mainly according to their perceived lightness and colorful-
ness, with the close correlation between these two attributes shown by their vec-
tors pointing in the same direction. Samples 7 and 1 had the highest colorfulness 
and lightness and also rated high in association with mental impressions such 
as fresh, berried, delicious, brisk, and childlike. Negatively correlated with these 
attributes were the impressions of being fusty, cheap, and ecological. The latter 
impressions were most strongly associated with samples 3, 5, and 6. Gloss and 
sharpness further differentiated between the samples in a top-right to bottom-
left direction in the graph and contributed to their pleasantness (as did color-
fulness and lightness). Relaxed, shown in a smaller point size in Figure 19, was 
the only attribute for which there were no statistically significant differences be-
tween any of the samples at 95% confidence level. 
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Three groups of samples are further distinguished in the diagram, the mental 
impressions being significantly different between the samples of different 
groups but not differing significantly between the samples within the group at 
95% confidence level, as indicated by MANOVA (multivariate analysis of vari-
ance) analysis. MANOVA analysis using the four visual attributes, on the other 
hand, indicated statistically significant differences between all samples, sug-
gesting perceptible visual differences between all samples, although these dif-
ferences may not be large enough between some samples to cause considerable 
differences in mental impressions associated with the samples. The blue ellipses 
in the figure indicate the three groups of samples within which the samples did 
not differ significantly from one another in mental impressions at 95% confi-
dence level. Between the samples of different groups, there were statistically sig-
nificant differences in mental impressions. The clouds in the diagram have been 
added simply to illustrate close correlations between certain attributes and 
mental impressions. 

 

 

The experience map and the MANOVA analysis of the evaluation results sug-
gested that while all samples were visually distinguishable from one another, 
the inkjet-printed sample that had the highest perceived colorfulness and light-
ness (sample 1) was perceived to be closest in appearance to the offset-printed 
reference sample (sample 7) and did not differ from that sample significantly in 
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terms of mental impressions. Desirable mental impressions for the studied kind 
of product were strongly associated with both of these samples: bright, brisk, 
fresh, berried, and delicious. This suggests that acceptable quality can be 
achieved with inkjet printing with appropriate printing material choices. Other 
kinds of material choices strengthened the impression of being ecological but 
were also more strongly associated with impressions of cheapness and fustiness. 
The latter are undesirable associations in the in-store communications of this 
product and brand, suggesting that care must be taken if aiming to signal eco-
logical aspects of the product with the visual appearance of the POP displays. 

The research described in Publication 3 sought to increase the understanding 
of the differences in reading experiences between reading a conventional 
printed book or reading a digital book from an iPad tablet device. The study 
concentrated solely on linear reading experiences of narrative stories, as op-
posed to non-linear style of reading often used in contexts such as news reading 
or information search. It is related to a larger multidisciplinary body of research 
seeking to understand the impacts of the ongoing digitalization on how we cre-
ate and consume textual information. 

 

As Taipale (2015) points out, in a relatively short time, we have moved from 
the domination of typewriters and printed books, via screens and keyboards of 
desktop PCs, to the era of portable reading and writing devices, such as laptops, 
tablet PCs, smart phones, and e-book readers. However, despite the quick tech-
nological developments, printed books remain popular. In a recent text, Fari-
nosi et al. (2016) point out that reading and writing digitally or with paper are 
both seen to have advantages and disadvantages at the same time. In a cross-
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cultural study on reading and writing practices of students, which followed sim-
ilar studies by Fortunati and Vincent (2014) and Taipale (2014), they found six 
categories of reasons for using either pen and paper or digital means of writing 
and reading in a given situation: aesthetical reasons/appearance, practical rea-
sons/habits/traditions, social reasons/receiver and sender relations, physiolog-
ical/cognitive/health reasons, technological reasons, and ecological reasons. 

Earlier works have mainly concentrated on comparing digital and printed 
reading in offices. For example, in their seminal study on the myth of the paper-
less office, Sellen and Harper (2002) found many affordances that explained 
why paper persisted in office environments, such as the need to fluidly annotate 
or manipulate physical sheets of paper. Ergonomic aspects of digital reading 
were also emphasized in earlier work. While some authors emphasize students’ 
preference for printed textbooks also in relatively recent works (e.g., Woody et 
al., 2010; Daniel & Woody, 2013), other studies suggest that there are no con-
siderable differences in learning results between those students that use digital 
textbooks and those that use printed textbooks (Rockinson-Szapkiw et al., 
2013). In contrast, Mangen et al. (2013) found that primary school students who 
read printed texts scored significantly better on a reading comprehension test 
than students who read the texts digitally. In an earlier study from nearly three 
decades ago, Dillon et al. (1988) described reading texts on screen as slower, 
less accurate, more fatiguing, accompanied by reduced comprehension, and 
subjectively less effective than reading from paper. Despite technological devel-
opments, more recent commentaries seem to still reflect to some extent the ear-
lier views of the inferior reading experience and performance provided by digital 
devices. Decline of fiction and poetry reading, especially among children and 
young adults, has been a cause of worry in some countries, and has been linked 
to the increasingly screen-based media habits of the younger generation 
(Mangen, 2016). 

As Mangen (2016) recently pointed out, little is known about how emotional 
aspects of literary reading may be affected by digitalization. The emotional im-
pact of digitalization of reading has been seen mostly as pertaining to the intro-
duction of drastically different structures and forms of texts, interactivity, mul-
timedia elements, and multimodality (e.g., Al Aamri et al., 2015). The possible 
emotional impacts of digitalization of reading linear texts have been little exam-
ined. Mangen & Kuiken (2014) found some differences in the emotional impact 
between reading texts from a printed booklet or from an iPad tablet device, sug-
gesting that in some conditions iPad readers may experience less emotional en-
gagement with the text. The level of emotional engagement with written narra-
tives can be seen to have many kinds of consequences, with some results sug-
gesting that emotional engagement influences empathy in readers (Bal and Velt-
kamp, 2013). 

Studies of perceptual and cognitive mechanisms related to reading speed and 
comprehension have an extensive history spanning multiple decades. When 
reading, or looking at a scene or searching for an object in our visual field, we 
continually make eye movements called saccades. Between saccades are fixa-
tions of about 200 - 300 ms during which our eyes remain relatively still. The 
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velocity and duration of a saccade are influenced by the distance covered.  A 2-
degree saccade (corresponding to 7 – 9 letter spaces) is typical of reading and 
takes about 30 ms, while a 5-degree saccade typical of scene perception takes 
around 40 to 50 ms. While new information is generally only acquired during 
fixations, cognitive processing continues during saccades in most situations. 
Saccade latency refers to the time needed to locate the target of the next fixation 
in the visual field and initiate the eye movement. Saccade latency is of the order 
of 175 – 200 ms. Readers often skip words while reading, processing them in 
the less acute parafoveal vision. Short words are more likely to be skipped and, 
conversely, as the word length increases, the probability of fixating it increases. 
Regressions, saccades that move backward in the text, are also an important 
component in eye movements in reading. Most regressions are to the immedi-
ately preceding word. More long-range regressions to earlier words tend to oc-
cur when there are problems in comprehension or the text is particularly diffi-
cult. It should be emphasized that there is considerable variation around the 
average saccade lengths and fixation times mentioned above, influenced by fac-
tors such as text difficulty, reading skill, and typographical variables like font 
difficulty. Eye movement research has shown that skilled readers obtain useful 
information from an asymmetric region about 3 – 4 character spaces to the left 
and 14 – 15 character spaces to the right of fixation. This perceptual span of 
reading is smaller for beginning and dyslexic readers. Beyond those mentioned 
above, a host of more specific lexical and linguistic variables, such as word fre-
quency, word familiarity, number of meanings for a word, and semantic rela-
tions between the words, have been found to affect the fixation times and, thus, 
reading speed. (Hyönä & Olson, 1995; Rayner, 1998, 2009) 

The study of Publication 3 sought to increase the understanding of how, if at 
all, reading linear narrative stories from a tablet device differs from reading a 
printed book in terms of reading experience, reading speed, and comprehension 
and recall. 40 persons participated in a multiphase laboratory experiment, in 
which each participant read four texts, two from a conventional printed book 
and two from an iPad tablet device.  Three of the texts were novel chapters, or 
parts of chapters, and one text was a selection from a nonfictional book. The 
texts represented different literary genres. The texts were selected from inde-
pendent sections of the books such that they could be understood without hav-
ing read other parts of the books. The order of the texts and the reading plat-
forms was randomized for each participant such that each text was read by 20 
persons from a printed edition and by 20 persons from a digital edition. 

Reading performance was measured in terms of reading speed and reading 
comprehension and recall. Reading speed was measured simply by measuring 
the reading time for each text and participant. Comprehension and recall were 
measured via multiple-choice questions on the contents of each text, completed 
by each participant after reading each text. No statistically significant differ-
ences were found between the printed and digital reading conditions in the 
mean and median reading times. There were mostly no significant differences 
in the comprehension and recall measurements either, with one exception: the 
mean reading comprehension and recall score was found to be slightly higher 
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for the printed version of one of the fictional texts than for the digital version of 
the same text (significant difference at 95% confidence level). 

Measurement of the actual reading experiences was based on the work of Bus-
selle and Bilandzi (2009) and Bal and Veltkamp (2013). They describe four di-
mensions of narrative engagement, that is, four dimensions of reading experi-
ences relevant to imaginative immersive reading. In imaginative immersive 
reading, typical of novel reading but possible also in nonfiction reading, readers 
get intellectually and emotionally involved in the story, they conjure vivid men-
tal images of the places, persons, and events described in the text, living through 
situations and empathizing with characters, becoming immersed and carried 
away into imaginary worlds in a manner that is often emotionally satisfying 
(Hillesund, 2010). The four reading experience dimensions considered relevant 
to such reading experiences are narrative understanding, attentional focus, 
emotional engagement and narrative presence. Narrative understanding refers 
to the ease of comprehending the narrative, the ease of constructing mental 
models of meaning based on the text. Focused attention refers to paying atten-
tion only to what one is reading in a concentrated manner, shutting out the real-
world surroundings. Emotionally engaged readers feel the emotional impact of 
the story, they empathize with characters, and the events in the story feel mean-
ingful for them. Narrative presence refers to the degree to which readers feel 
that they are transported to the world of the story, feeling that they actually are 
there, rather than in the real world. These dimensions were operationalized as 
items of a reading experience questionnaire, examples of which are shown in 
table 2. 
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After reading each text, the participants answered the reading experience 

questionnaire adapted from Busselle and Bilandzi (2009) and Bal and Veltkamp 
(2013). While there were considerable differences in mean values of reading ex-
perience dimensions between different texts, as could be expected, no signifi-
cant differences were found for any reading experience dimension of any text 
between the printed and digital reading conditions. This result is in contrast 
with the views of many earlier studies, which have suggested that digital reading 
experiences were generally inferior to printed reading. However, earlier studies 
have rarely carried out such comparative measurements of reading experiences 
in controlled conditions. Our results may partly be explained by improving dig-
ital technology for reading. Also, the controlled laboratory conditions may have 
eliminated some of the differences between digital and printed reading, such as 
gloss or glare in varying illumination conditions or differences in holding and 
handling the book or tablet in different real-world situations and body positions. 

In addition to the above book reading experience dimensions measured sepa-
rately for each text sample, at the end of the experiment the participants were 
directly asked to assess the degree to which they associated certain attributes or 
mental impressions with either digital or printed book reading generally. Each 
participant was presented with a questionnaire containing 40 statements or 
mental associations such as “Reading demands concentration”, “Reading to re-
lax”, or “Text appears tangible”. They were instructed to move a pointer on a 9-
point scale from the midpoint towards either end (“Printed book” on left, “Dig-
ital book” on right) to indicate the platform with which they more strongly as-
sociated the given statement or aspect, and to indicate stronger association by 
moving the slider farther in that direction. Unlike with the direct reading expe-
rience comparisons, there were significant differences in mental impressions 
associated with the printed and digital books. Printed books were associated 
with long, luxurious, inspiring and relaxing reading sessions, where the reader 
feels in control of the reading situation. In contrast, the digital reading device 
was more strongly associated with work-related reading situations where infor-
mation finding is of importance. 

As part of the work reported in Publication 3, we also carried out a real-world 
reading study, in which 8 participants read a book of their own choice on iPad 
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tablet. The findings of the laboratory experiment were supported by a real-world 
digital reading study, in which the participants mostly reported being pleasantly 
surprised by the experience of reading a digital book. Prior to the experiment, 
none of the participants were eager to read digital books. One reason behind 
these attitudes was the assumption that reading from a screen is not good for 
eyes. There was also a preconception that reading on a tablet is difficult because 
starting to read is complicated and digital books lack the physical features of 
print. Seven out of eight interviewees reported that their attitude had changed 
during the experiment, and the general view among participants was that tablet 
reading was easier and more pleasant than they had thought before. Two par-
ticipants stated that they could completely replace reading printed books with 
digital books, and the other six said that they could partially replace printed 
books with digital reading. This further suggests that preconceptions of digital 
reading differ from actual reading experiences with modern digital devices. 

News reading has become increasingly digital since the advent of first news web 
sites, a development which has picked up pace during the ongoing digital trans-
formation of news publishing and consumption. While reading news from web 
sites has been on a steady rise for a long time, only in the recent years have dig-
ital news publications started to evolve as serious alternatives to the user expe-
riences of conventional printed newspapers, driven by technological develop-
ments leading to introduction of and advances in mobile devices such as smart 
phones and tablet computers. This has created a need to understand the evolv-
ing digital news reading habits, preferences, and experiences, and to update the 
long tradition of printed newspaper visual design to the age of digital news pub-
lications. From the perspective of user experience evaluation and design, this 
translates to identifying the user experience dimensions that are relevant to 
news reading experiences and to finding appropriate methods to measure the 
perceptions and experiences evoked by news services of interest along those di-
mensions. 

Some recent studies have provided valuable knowledge on digital news read-
ing experiences and habits.  Aranyi and coworkers have carried out a series of 
experiments and analyses to create and test a model of user experiences evoked 
by news websites (Aranyi, 2012; Aranyi et al., 2012; Aranyi & Schaik, 2015a, 
2016). They measured and modeled the relationships between user experience 
variables that they derived from theoretical background of Hassenzahl’s user 
experience model (Hassenzahl, 2003, 2010), the technology acceptance model, 
TAM (Davis, 1986, 1989), from the components of user experience model, CUE 
(Thüring & Mahlke, 2007), and from an exploratory study based on concurrent 
think-aloud of participants while they used a news website (Aranyi et al., 2012). 
Aranyi & Schaik (2016) subsequently conducted an experimental study with a 
between-subjects design and two news websites browsed on a desktop computer 
in laboratory conditions, and found that the user experience components of 
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their model, which they measured with questionnaires and which included he-
donic quality, perceived enjoyment, positive affect experienced during interac-
tion, perceived usefulness of content, and pragmatic quality, were strong pre-
dictors of the overall user satisfaction with the news website. They also found 
perceived trustworthiness, identified by Chen and Corkindale (2008) as one of 
the main drivers in the adoption of online news services, to have a significant 
positive relation with overall user satisfaction. 

Lu et al. (2013) studied the user experience and design implications of reading 
news from devices with different screen sizes in a laboratory experiment with a 
desktop computer, a tablet computer, and a smartphone. They identified some 
differences in the interaction experiences and user preferences related to the 
form factors of the device used for news reading. 

In contrast to laboratory experiments, Pesonen and coworkers (Pesonen, 
2014; Pesonen at al., 2015) conducted two one-week field studies of digital news 
reading experiences, using questionnaires and user diaries for data collection. 
In their longitudinal studies involving different layout designs used on iPad tab-
lets and on laptop and desktop computers, they observed a general trend of im-
proving user experiences over time, possibly resulting from increasing familiar-
ity with the design. Per their results, digital designs resembling printed news-
papers were generally preferred and printed newspapers were still used in par-
allel with the digital versions. In the daily lives of the participants, digital ver-
sions were typically read once a day, usually in the mornings, like printed news-
papers. In contrast, Ihlström & Lundberg (2002), in their earlier study of real-
life news reading habits in Sweden, found that users tend to read online news-
papers more often, especially reading updated news during the day. 

Friedrich et al. (2014) carried out a case study in which a digital edition of a 
newspaper was tested in rural areas of Finland over a period of six weeks. They 
used online collaborative discussions with users to derive user-defined attrib-
utes for describing real-life reading experiences. As an example of the context- 
and user-specific aspects of user experiences of digital newspapers that they 
identified, some participants, living in remote areas where printed newspapers 
are delivered later in the day, considered it a valuable privilege to be able to read 
the day’s newspaper early in the morning. Some participants even reported 
changing their daily rhythms after having access to the digital edition, waking 
up earlier to have more time in the morning with the newspaper. 

Other longitudinal studies of digital news reading include those by Tewksbury 
& Althaus (2000), Vaughan & Dillon (2006), and d’Haenens et al. (2004), fo-
cusing more on task performance and news recall differences between digital 
and printed news rather than user experience, however. d’Haenens et al. (2004) 
compared the news consumption and recall between the readers of online and 
print versions of two newspapers in Netherlands, finding no significant differ-
ences between the two. In an earlier study Tewksbury & Althaus (2000), on the 
other hand, found that online readers of New York Times read less news of cer-
tain topics than the readers of the print version, and were less likely to recognize 
and recall events that occurred during the examined period. They suggest that 
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online news layouts can alter the knowledge that readers acquire about public 
affairs, by reducing and reorganizing story salience cues. 

In the multiphase experiment reported in Publication 4, the user experiences 
of five different versions of the same newspaper were compared to one another. 
These five designs, four digital newspaper versions and a conventional printed 
tabloid-size newspaper included as a kind of reference point, presented to read-
ers essentially the same news content in different layouts, with considerable dif-
ferences in visual appearance and interaction design. Apart from describing the 
differences in experiences evoked by the different publication versions and ex-
amining how their designs catered to readers with different news reading styles 
and preferences, central goals of the study included testing, development, and 
integration of research approaches and instruments appropriate for evaluating 
news reading experiences in the context of digital news publication design. At 
the time when the experiments were designed and carried out, very little pub-
lished research on digital news reading experience or research instruments and 
methods for studying them existed. 

As mentioned earlier in section 3.4.4, a generic media experience question-
naire previously developed, but not rigorously validated, in the Next Media re-
search program (Helle et al., 2011) was applied in the study, with the goal of 
testing its applicability to evaluating news reading experiences. The MX Ques-
tionnaire, better understood as a framework from which relevant parts may be 
adapted for the purposes of specific research rather a validated tool for measur-
ing media experience, also contains items from the scale for perceived visual 
aesthetics of web sites (Lavie & Tractinsky, 2004). The MX Questionnaire also 
contains items intended to measure aspects such as usability (Lewis, 1991, 1995; 
Kirakowski & Corbett, 1993; Kirakowski & Cierlik, 1998; Brooke, 1996; Lund, 
2001; Bangor et al., 2008, 2009; Lewis & Sauro, 2009; Tullis & Albert, 2013), 
spatial presence and attention allocation (Lessiter et al., 2001; Vorderer et al., 
2004), flow (Csikszentmihalyi, 1990; Novak & Hoffman, 1997; Novak et al., 
2003; Poels et al., 2006), emotions (Bradley & Lang, 1994; Watson et al., 1988), 
playfulness (Barnett, 2007), brand experience (Brakus et al., 2009), and trust-
worthiness (Gefen, 2002). In addition to the applicable MX Questionnaire 
items, statements from The User Engagement Scale (O’Brien, 2010) were 
adapted to the context of news reading and included in the user experience 
questionnaire used in this experiment. As mentioned in section 3.4.4, some of 
the dimensions of The User Engagement scale are overlapping with those of the 
MX Questionnaire: the inclusion of overlapping dimensions and items served 
the purpose of testing these measurement instruments.     

Each of the 40 participants read each news publication version, in randomized 
order, for approximately 5 minutes. Videos and gaze paths of each reading ses-
sion were captured with SMI eye tracking glasses. Immediately after finishing 
reading a publication version, the participant answered a digital questionnaire 
containing statements related to the publication and its layout, as well as how it 
felt to use the publication. The statements of the questionnaire were presented 
in randomized order. In total, the questionnaire was comprised of 92 items. Af-
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ter finishing the questionnaire, the participant was asked to view and retrospec-
tively comment a video recording of their five minutes of browsing the publica-
tion. The participant’s gaze path was augmented on the video capture with the 
eye tracking glasses, further inspiring the participants to comment on the flow 
of their attention during the interaction experience. The review conducted by 
Hyrskykari et al. (2008) suggests that the gaze path stimulated retrospective 
think-aloud method produces more expressive comments and that the data are 
more informative and of better quality, as the drawbacks of concurrent think-
aloud have been avoided. 

At the end of the experiment the participant was asked to rank the publication 
versions in order of preference. In making the preference rankings, the partici-
pants were asked to consider which publication version would they use if they 
could only choose one of them to use from now on in their daily lives. The par-
ticipants were also asked to comment on their preferences while making the 
choices, commenting on the pros and cons of each version and what made it 
suitable, or not suitable, for their style of news reading. 

Figure 21 shows the experience map that resulted from using univariate scales 
constructed from responses to individual questionnaire items as attributes. 
Only selected vectors have been labelled in the map for the sake of clarity. 

 

As expected, responses to items intended to measure a specific psychological 
construct or to be part of a certain aggregate indicator generally were highly 
correlated, and their vectors in the experience map thus approximately collin-
ear. Summing up these items to form aggregate measures of different experi-
ence dimensions, and using these dimensions as attributes, the experience map 
in Figure 22 resulted. 

The analysis of the questionnaire responses via experience maps, factor anal-
ysis, and statistical inference of the significance of differences between different 
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publication versions showed that the questionnaire did in fact indicate mean-
ingful differences between the tested publication versions on the different di-
mensions of media experience that it was designed to measure. The user expe-
rience measures obtained with the questionnaire were consistent with the data 
acquired from other approaches used in the experiment. The questionnaire has 
so far not been extensively tested, and the work done in this study does not yet 
constitute a proper validation of the questionnaire, but these results do suggest 
that the questionnaire can be a useful tool in measuring media experience. The 
results, along with other similar studies published in the recent years, provide 
useful information for future considerations and validation efforts of user expe-
rience measures for digital media and other interactive services.  

42.5% of participants ranked the printed newspaper first in their order of pref-
erence. While the printed newspaper was the most frequent preferred choice of 
individual publication versions, the majority of participants (57.5%) still pre-
ferred one of the digital versions if they had to choose only one publication ver-
sion for their daily news reading. Many of them commented that while they still 
enjoyed the experience of reading a printed newspaper when they had the op-
portunity, they did not anymore have room for it in their daily routines. How-
ever, the results suggest that, unlike the printed newspaper, none of the digital 
versions succeeded particularly well in catering to reading styles and prefer-
ences of different readers. This result was strongly emphasized by two distinct 
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clusters of participants found in hierarchical cluster analysis of the preference 
judgments (see the dendrogram presented earlier in Figure 7, in section 4.2). 
While the printed newspaper was highly ranked in both groups, the most signif-
icant difference between the two groups seems to be the attitude towards read-
ing news articles in the form of continuous flow of news as often found on dif-
ferent web sites. One group preferred the printed newspaper and digital ver-
sions that can be understood to stem from the tradition of the printed newspa-
per. The other group preferred the web style of news presentation and saw no 
need for digital versions mimicking the printed paper. 
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The five publications of this thesis provide different views to the challenges 
and possible solutions involved in measuring and analyzing different dimen-
sions of user experience in a few different application areas. Common to the 
studies is an approach based on description of products and services in terms of 
their user-perceived attributes, with the goal of relating the perceived attributes 
and user experience dimensions to design variables of products and services, 
thus producing user experience evaluation results that could be used to inform 
and guide practical iterative design processes. 

At the methodological level, the contributions of this thesis to the science base 
of user experience evaluation and design pertain to the understanding of prac-
tical measurability of different kinds of perceptual attributes and user experi-
ence dimensions, and to understanding of feasibility of meaningfully describing 
the relationships between these attributes and dimensions, as well as perceived 
differences between evaluated products or services, via mathematical model-
ling. The generic experience mapping approach described in this thesis is about 
relating attributes and dimensions of different perceptual levels to one another 
and structuring user experience data to facilitate analysis and visualization of 
patterns and relationships in the data. The results of the experiments reported 
in the five publications of this thesis allow us to assess the feasibility of using 
such methods in practical user experience work. These considerations are sum-
marized below by answering the two research questions posed in chapter 1. 
Apart from this analysis of the general applicability of the experience mapping 
approach, the central results of the thesis pertain to specific information and 
understanding that the experiments provided in their different application ar-
eas. These results are summarized in the following paragraphs, while also con-
sidering the perspectives that individual experiments provided to the experi-
ence mapping approach. 

Publication 1 focused on color perceptions, limiting its scope to visual psycho-
physics, which examines the relationships between the properties of physical 
stimuli and the visual perceptions that they evoke in viewers. The study thus 
dealt exclusively with the attributes at the bottom and middle levels of the three-
level experience mapping concept: physical properties and visual attributes, re-
spectively. The top-level experiential attributes, such as cognitive appraisals, 
meanings, mental impressions, and values associated with the system and in-
teracting with it, were excluded in this study. The study examined the feasibility 
of using a mathematical color appearance model to control the perceived colors 
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of images viewed on a self-luminous display in variable ambient illumination 
conditions: displayed images were adjusted to compensate for the illumination-
related perceptual effects, with the goal of maintaining the perceived colors ap-
proximately constant despite variations in the intensity and chromaticity of am-
bient illumination. The results suggested that with experimentally optimized 
model parameters, the color appearance model could be used to approximately 
compensate for the perceived color shifts induced by varying ambient illumina-
tion. The experiment contributed to the understanding of the appropriate pa-
rameterization of color appearance models and their performance in real-world 
color management tasks involving variable viewing conditions. It also provided 
an example of using mathematical modeling of relationships between the bot-
tom- and middle-level attributes, physical properties and visual attributes, to 
control the perceptual attributes by model-based adjustment of physical prop-
erties, in this case those of the light emitted by the display. As a further note, the 
demonstrated idea of illumination-adaptive displays, used in limited ways is 
many modern devices, is increasingly viable and widely applicable with current 
technologies of networked sensors and displays. 

In the study of Publication 2, attributes of all three levels were measured. The 
study examined the visual perceptions evoked by printed point-of-purchase dis-
plays and mental impressions associated with them. The experience map dia-
gram visualized the perceived similarities and differences between 7 different 
point-of-purchase display samples produced with different materials and man-
ufacturing technologies, and illustrated relationships between different visual 
attributes and mental impressions. The diagram and related analysis showed 
how the visual attributes contributed to mental impressions associated with the 
displays, and suggested that acceptable quality, as evaluated in terms of mental 
impressions, can be achieved with inkjet printing process. 

Publication 3 compared the book reading experiences of printed books and 
digital books read from a tablet device, focusing on psychological attributes at 
the top level of the experience mapping concept. Reading experiences were com-
pared in terms of experiential dimensions of narrative understanding, focused 
attention, emotional engagement, and narrative presence. No significant differ-
ences between digital and printed reading experiences were found in laboratory 
conditions in cases of three fictional and one non-fictional text, in contrast to 
much of the earlier research which has tended to emphasize poorer reading ex-
periences of digital books. These findings were supported by a real-world digital 
reading study, in which the participants mostly reported being pleasantly sur-
prised by the experience of reading a digital book of their own choice with a 
tablet device. However, in comparison of mental impressions associated with 
printed and digital reading generally, significant differences were found, mostly 
in favor of printed reading. The real-world reading study suggests that the re-
sults of the laboratory experiment may not be completely attributed to low eco-
logical validity of an experiment in which pre-chosen texts were read for only a 
relatively short time in controlled conditions. A possible explanation for these 
results and earlier views presented in the literature concerning digital reading 
is that with modern tablet devices reading experiences, in the case of immersive 
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imaginative reading examined in this study, are in fact better than suggested by 
the apparently somewhat negative public opinions regarding digital book read-
ing. The existing opinions are possibly based partly on long-time reading habits 
and impressions affected by earlier experiences of reading with digital devices 
with inferior display quality. While there may be fundamental experiential dif-
ferences, not completely revealed by this study, between printed and digital 
reading that work towards supporting the status of printed books, the general 
opinions concerning digital book reading are likely to gradually become more 
favorable towards digital reading with evolving reading habits and culture, 
partly driven by digital reading experiences that improve with advances in dig-
ital technology. However, only a relatively small sample of conveniently availa-
ble persons participated in the study; thus, the results cannot be directly gener-
alized to any larger population. 

Publication 4 examined newspaper reading experiences. Newspaper reading, 
typically involving non-linear and fragmented browsing, is considerably differ-
ent from reading linear narrative stories from books, with different relevant ex-
periential dimensions and their determinants. In newspaper reading the expe-
riential dimensions are presumably strongly related to and determined by the 
layout of visual elements in the publication and other presentational design fac-
tors. A wide range of experience dimensions, high-level attributes associated 
with different news publication designs, were used in this exploratory experi-
ment to find similarities and differences between the reading experiences of four 
different digital newspaper designs and a printed newspaper. The perceptual 
and experiential relationships between the different news publications and their 
perceived attributes were again illustrated in an experience map. The results 
increased the understanding of relevant dimensions of news reading experi-
ences, showing which dimensions differentiated between the reading experi-
ences evoked by the five publication samples with different designs. The results 
also showed that the digital news publications with different designs catered to 
distinct groups of readers with different news reading styles and preferences. 
Although a digital news publication was the principal choice for majority of par-
ticipants for their daily news reading, most of them still valued the overall read-
ing experience of the conventional printed newspaper. It is noteworthy that no 
single digital version was widely preferred over the other digital versions among 
the participants. While several participants appreciated digital publications 
similar in visual design to printed newspaper, there was a distinct group of read-
ers to whom digital versions based on design traditions of printed newspapers 
did not appeal. Again, due to a limited non-random sample of participants, the 
results cannot be taken as representative of proportions of different news read-
ing styles and preferences occurring in larger populations. A follow-up survey 
with a representative sample of respondents would be required for examining 
the relative proportions of currently evolving news reading styles and prefer-
ences in specific populations. 

In Publication 5 a graphical data collection method appropriate for assessing 
perceived attributes in web surveys was introduced and tested. Web surveys are 
a potentially efficient way of collecting attribute assessment data from many 
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people. They suffer, however, from high drop-out rates and careless responding, 
which deteriorate data quality and consequently the reliability of analysis re-
sults. The proposed method was tested in survey with a between-subjects de-
sign: each respondent answered the survey using either the graphical rating 
scale or a conventional text-based rating scale. Considerably lower drop-out rate 
(16%) was achieved in this study with the proposed 2-dimensional graphical rat-
ing scale than with a conventional text-based rating scale (35%). Survey com-
pletion times were also considerably lower with the new data collection method, 
without considerable biases in the data sets obtained with the two methods rel-
ative to one another. While the respondents for the study were not randomly 
sampled from a generic population the results are promising, suggesting that 
the use of the new assessment method was intuitive and enjoyable to the re-
spondents. However, more studies would be needed to establish the usefulness 
of the new method in long term and in a wider range of surveys. It is possible, 
for example, that the novelty of the new method may have positively affected 
the results, an effect which may wear off with repeated use.  

Let us consider the overall results of the thesis from the perspective of answer-
ing the two research questions of Chapter 1, starting with research question 1, 
restated below: 

 
Research question 1: To what extent and under what conditions is it possi-

ble to describe and compare user experiences evoked by different types of prod-
ucts and services in terms of their perceived attributes in a manner that is mean-
ingful and useful from the perspective of design and development of products 
and services? 
 

The research questions, like this work, are wide in scope. As could be expected, 
the studies contained in this thesis cannot by themselves provide conclusive and 
general answers to the questions. The studies have, however, contributed to 
building the knowledge base required for better answering these questions and 
allow at least partial answers to be considered from different perspectives. 

Considering research question 1, Publications 2, 3, and 4 applied the experi-
ence mapping approach to describing and comparing different kinds of prod-
ucts and services in terms of their perceived attributes. Publication 5 further, in 
testing a web-based data collection method for assessing perceived attributes, 
briefly described a case study in which different concepts were evaluated in 
terms of their higher-level perceptual attributes and mental impressions asso-
ciated with them. In all these studies statistically significant and practically 
meaningful and relevant differences between the user experiences of the exam-
ined samples (products, services, or concepts) were found that could be de-
scribed in terms of perceived attributes. In the studies of Publications 2, 4, and 
5 these differences were visualized as experience map diagrams, illustrating the 
patterns of perceived similarities and differences between the evaluated sam-
ples, as well as the relationships between different perceived attributes within 
the sample set. In the study of Publication 3, the fundamental comparison was 
between the user experiences of reading narratives either from a printed book 
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or from a digital tablet device. In the comparison of only two conditions, expe-
rience map diagram as a visualization tool is unnecessary. Even with only two 
samples, measurement of perceived attributes and identification of significant 
and relevant differences between the samples in terms of these attributes can be 
useful. In the case of Publication 3, significant differences in the reading expe-
riences of narrative texts with different texts were found, as could be expected. 
However, the results did not indicate significant differences in reading experi-
ences of the same text from a tablet device or from a printed book. Regardless, 
significantly different attributes and mental impressions were associated with 
reading from a printed or digital platform, when this difference was directly as-
sessed by the participants of the study, as described above. 

The above observations suggest that, in certain cases at least, one can mean-
ingfully measure perceived attributes of different kinds of samples and describe 
the perceived differences between the samples in terms if these attributes, ar-
riving at statistically significant perceived differences. The studies did not, how-
ever, contain rigorous analysis of the usefulness of these results from the per-
spective of the design process. Apart from the study of Publication 3, which 
sought to provide more general kind of information about digital and printed 
book reading experiences, the other studies mentioned above all measured ac-
tual products, services, concepts, or prototypes of interest to companies design-
ing, developing, and marketing them. The results have been communicated to 
the representatives of these companies via reports and presentations, to be used 
in informing and guiding the iterative design of these and similar product and 
services. Commercial studies using similar methodologies have been carried out 
by the author and his colleagues. The practical experiences and feedback from 
partner companies in these cases have shown practical benefits of this approach 
in supporting user-centric design of concepts and products, as well as their mar-
keting.  As mentioned, however, the usefulness of the results provided by this 
approach in practical design cycles, although certainly an important goal, has 
not been examined through scientific inquiry. 

Reliability and validity of the results are in many cases prerequisites for the 
practical usefulness and relevance of the results. Although it has been argued in 
some sources that formal rigorous user experience evaluation is not always nec-
essary in practical design cycles, that rapid and less rigorous evaluation meth-
ods can in some cases provide sufficient and more timely information to guide 
the iterative design process, a degree of reliability and validity is still required. 
Inference of the statistical significance of the differences between different sam-
ples offers some confirmation of the reliability of the results. In Publication 5 
the results obtained with two different data collection methods were compared. 
The similarity of the results obtained with the two methods speaks for the con-
vergent validity of the measures obtained: relative to one another, no significant 
biases were found in the data and measures derived from it. 

Outlier analysis, carried out via methods such as hierarchical clustering of par-
ticipant responses in a principal component space via dendrogram tree dia-
grams, has a central practical role in judging and confirming the reliability of 
the results. In the case of visual evaluation by a trained panel, as was done in 
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the study of Publication 2, or other kind of psychometric scaling of visual attrib-
utes, we routinely check for and, if necessary, remove any outlier observations 
from the data. Perception of visual attributes is presumed to be sufficiently sim-
ilar across all observers without sensory deficiencies. This warrants the ap-
proach in which the assessment data is aggregated over all participants that 
were not judged to be outliers. In the case of two or more clusters in the visual 
evaluation data, there is likely to be some uncertainty in the definitions of the 
visual attributes or how they were interpreted by the participants. It may also 
be indicative of a systematic misunderstanding of the rating procedure among 
some of the participants. We have encountered examples of both. In these cases, 
some of the data needs be excluded from the analysis, or the visual assessments 
repeated with improved instructions. Outlier and cluster analysis are also rou-
tinely used for the assessments of higher-level psychological experience dimen-
sions, such as mental impressions associated of the products or services. In 
these cases, subjective cognitive assessments, likely to be variable across person, 
are involved, and clusters often represent groups of persons with different ex-
periences or views of the evaluated products or services. Identification of such 
groups via clustering can provide valuable information for design processes but 
requires a sufficient number of participants in the experiment to be done suc-
cessfully. 

Ecological validity of user experience evaluation is always a concern, especially 
in laboratory-based studies: to what degree do the obtained results correspond 
with actual real-world usage and experiences? Integration of data obtained with 
different methods into a unified interpretation is useful in verifying the validity 
of the results. Qualitative methods such as different types of interviews, as ap-
plied in the studies of Publications 3 and 4 in the contexts of book and news 
reading experiences, for instance, can be used to interpret quantitative 
measures visualized as experience maps. When the results from different meth-
ods support similar interpretations, as was generally the case in these studies, 
this gives more confidence on the overall reliability and validity of the results. 
Integration of data from different sources also facilitates deeper understanding 
of the relevant aspects of user experiences in wider contexts, thus potentially 
increasing the practical usefulness of results. Concerning ecological validity spe-
cifically, while ethnographic methods can be especially well suited to studying 
the long-term impacts of use in real-world contexts, interviews in the context of 
lab-based studies can also help, with less resources required, in relating the re-
sults to real-world user experiences. Also of concern from the perspective of eco-
logical validity and generalizability of experimental results are complex content-
effects: the perceptions and experiences of reading news, for example, are likely 
to be influenced by complex interactions between the actual news content and 
various presentational factors. It is a limitation of the experiments on news and 
book reading reported in Publications 3 and 4 that the content or the genre was 
not systematically or extensively varied, and consequently it is difficult to pre-
dict how the results would apply across different kinds of contents. The content 
problem poses a challenge to the generalization of these kinds of experimental 
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results. The complex perceptual and experiential interactions between the ma-
terial read and how it is presented remains an interesting open question, requir-
ing different types of experimental setups to examine in depth. 

Qualitative methods mentioned in the previous paragraph are also necessary 
in establishing the relevant attributes to measure in the first place, as exempli-
fied, for instance, by the study of Publication 2 and the related discussion in 
section 3.4.2 of this thesis. The experience mapping approach, as presented in 
this thesis, does not take a stance on how the measured attributes are deter-
mined and defined. It is certainly possible to use the approach in a misguided 
manner for finding and describing statistically significant experiential differ-
ences that are practically irrelevant, either because they are so obvious as to be 
known without detailed measurement or because they are completely unrelated 
to the overall design goals. The approach can, however, also be used in explora-
tory research when aiming to establish the relevant experience dimensions. In-
deed, much of the work discussed in this thesis was exploratory in nature, taking 
a set of attributes and seeing how and if they distinguished the samples from 
one another. It can be argued, however, that some related approaches such 
those using free-sort and description methods (discussed in section 4.3) could 
be better suited for exploring the essential user experience dimensions, as they 
are more user-centric in not making any preliminary assumptions of the subjec-
tively relevant attributes. 

One can also question the reliability and validity of user experience measures 
obtained through questionnaires administered after interacting with products 
and services. Research has shown that memories of thoughts and feelings expe-
rienced during a longer period of interaction are susceptible to inaccuracies and 
biases, with the start and especially the end of the period typically being dispro-
portionately emphasized in after-interaction reports of subjective experiences, 
along with possible moments that evoked especially strong emotional experi-
ences (Redelmeier & Kahneman, 1996; Kahneman, 2000; Norman, 2009). In 
questionnaires administered after the interaction, the dynamics of the interac-
tion experience are lost, compressed into possibly biased evaluation of the over-
all interaction experience. While it is good to be aware that information on such 
dynamics and details of specific moments of interaction can be useful for the 
design process, this kind of information is not what the experience mapping ap-
proach seeks to capture and communicate. Instead, its purpose is to provide 
comparative information on the remembered experiences and the mental im-
pressions arising of the memories of interaction experiences. In a wider view, 
subjective cognitive appraisals of products and services are likely to be influ-
enced, in addition to the current interaction experience, also by prior experi-
ences, anticipated future experiences, as well as factors such as brand experi-
ence. In a sense these are confounding factors that may be considered as possi-
ble sources of unwanted bias in the experience mapping approach. In our view, 
however, it is useful to allow such wider influences to be included in subjective 
appraisals that form the basis of the experience map visualization: the map then 
represents the participants’, or specific target segment’s, overall perceptions 
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and user experiences of the given services or products, rather than being a rep-
resentation of a single interaction experience. The practical usefulness of this 
stance is supported by the observation that memories of experiences, even if 
differing from actual experiences, are likely to be better predictors of intentions 
to use and of future use of products and services than actual momentary expe-
riences (Wirtz et al., 2003). 

As mentioned above, the emphasis of the experience mapping approach on 
post-experience subjective assessments is not to say that information on the dy-
namics of individual interactions is not useful in guiding the design process. Ra-
ther, in cases where information on the dynamics of interaction experiences is 
needed, one should use other approaches and methods instead of, or in conjunc-
tion with the experience mapping approach and the experience map visualiza-
tion method. For example, in Publication 4 eye-tracking and retrospective com-
menting of gaze videos were used in conjunction with experience mapping and 
interviews as means of investigating the dynamics and details of interaction ex-
periences. Physiological correlates of emotional responses, obtained by meth-
ods such as electroencephalography and skin conductivity or heart rate meas-
urements, are also increasingly used in examining momentary affective re-
sponses and dynamics of interaction experiences. Such methods that capture 
moment-by-moment data on the experience as it unfolds, along with qualitative 
approaches such as different kinds of interviewing techniques, can be useful in 
augmenting the information provided by the experience map visualization, 
helping to interpret it and draw actionable conclusions relevant to design fac-
tors. The study in Publication 4 provided examples of how several methods were 
applied in parallel in a single experimental setup, resulting in an experience map 
diagram visualizing the overall experiences evoked by different design versions 
and other information that allowed the map to be better interpreted, suggesting 
why specific design versions evoked given kinds of experiences. 

Considering the long-term dynamics of user experiences, the real-world digi-
tal reading study that formed part of Publication 3 was the only one in this thesis 
that examined user experiences in a slightly longer time-frame. The other stud-
ies reported in this thesis, although not dealing mainly with momentary inter-
action experiences, still captured only what can be understood as snapshots of 
user experiences: user experiences evaluated in specific points in a temporal 
continuum of evolving experiences during prolonged use of services and prod-
ucts. It is widely recognized that user experiences evolve during different stages 
of use: from anticipating a new product or service, to using it for the first time, 
learning to use it, getting familiar with it, and then either stopping or continuing 
to use, possibly incorporating it to one’s daily routines (Karapanons et al., 
2010). Again, in a sense this snapshot-like quality is a limitation of the experi-
ence mapping approach, but on the other hand it is a recognized property of the 
approach, and one that can be alleviated, when considered necessary, by longi-
tudinal studies. Although we have not done it so far, it would be possible to com-
pose longitudinal experience maps visualizing temporal evolution of user expe-
riences in a target group over a prolonged period of use. 
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An obvious limitation of the multivariate analysis methods and the experience 
maps visualizations used in this work, although not necessarily of the general 
experience mapping approach, is that they require a set of several samples. The 
experiences evoked by the samples are described in relation to the experiences 
evoked by the other samples. The user experience descriptions thus depend on 
the set of samples used in the experiment. This makes the experience map dia-
gram especially suitable as a benchmarking tool when several samples of inter-
est are readily available: for example, several models from a given company’s 
product line can be compared to one another and to competitors’ products. This 
kind of benchmarking can provide useful information for design process of new 
or revised models. However, when dealing with early prototypes, several differ-
ent prototypes representing different design options, are needed. In some cases, 
production of a set of prototypes may be prohibitively time-consuming. In other 
cases, however, production of several design variants, in form of rough 
mockups, for example, may be quite straightforward. 

Summarizing the conclusions concerning research question 1, the studies re-
ported in Publications 2 – 5 suggest that it is possible to apply the experience 
mapping approach and the experience map to describe and illustrate differences 
in the perceptions and experiences evoked by different kinds samples, whether 
they are physical products, digital services, or prototypes of either. Based on 
these studies, experience mapping can be used as an evaluation method to as-
sess whether the given product or system provides the desired kind of user ex-
perience, if one knows the relevant perceived attributes and experience dimen-
sions to use in evaluation. It could be used as a benchmarking tool for existing 
products, possibly highlighting possibilities and user experience targets for the 
development of new concepts or improved products. It could be possible to find 
perceived attribute combinations that are not currently covered by one’s own or 
competitors’ products or services, kinds of empty holes in the market that could 
be viable targets for the development of new product or service variants, or com-
pletely new types of concepts. Siivonen et al. (2003) have used a similar way of 
thinking in using their concept of media holes to identify opportunities for new 
kinds of media products and services. The experience mapping approach could 
also be used in comparing alternative prototypes, for example with different de-
sign variables or material choices, as was the case in the study of Publication 2, 
to decide between different design options, possibly further refined in the next 
round of iterative design. In these cases, design variables are systematically var-
ied in the evaluated samples, allowing one to directly compare the effects of de-
sign choices in the experience map diagram. In the cases where the differences 
between the evaluated samples are highly complex and cannot readily be re-
duced to a manageable amount of design variables, as was the case with the dif-
ferent news publication designs of Publication 4, the experience map diagram 
does not provide sufficient information to tell what caused the observed differ-
ences in user experiences of the evaluated samples. Integration with other meth-
ods, such as interviews or retrospective commentary of eye-tracking videos, is 
needed to better interpret the results, possibly yielding clues for which aspects 
of the design need to be reconsidered. Designer intuition is also very likely to be 
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needed, experience mapping studies in these cases serving to inform and inspire 
the design process, instead of suggesting direct solutions. In these more com-
plex cases, the feedback from the user experience descriptions to design choices, 
depicted in figure 1 of chapter 1, is only indirect. 

Let us then turn to considering research question 2, restated below. While re-
search question 1 was concerned with the usefulness of descriptions obtained 
with the experience mapping approach, research question 2 goes a step farther 
and examines the predictive capabilities of the approach in designing for spe-
cific kinds of user experiences: 

 
Research question 2: To what extent, if at all, does the modeling of the re-

lationships between perceived attributes of products or services enable one to 
design for particular kinds of user experiences, e.g., by affecting specific aspects 
of user perceptions and experiences through adjustments of design variables or 
system properties? 

 
The study of Publication 1 showed that in specific instances, when the per-

ceived attributes can be directly connected to the adjustable properties of the 
system, i.e., to the bottom level of the experience mapping concept, via a math-
ematical model, it is possible to affect specific perceived attributes by control-
ling the system properties. In this proof-of-concept demonstration, it was pos-
sible to go as far as to automatically control the perceived attributes via a math-
ematical model that provided an explicit two-way mapping between the bottom 
and middle levels of the experience mapping concept. In this case, that meant 
maintaining the perceived color attributes approximately constant despite var-
ying environmental conditions. 

Generally, in product design cycles, such specific models for mapping between 
variables of different levels are not available. Often it is not possible to find exact 
relationships between variables that would be amenable to detailed mathemat-
ical modeling. Considering the publications of this thesis, another application 
area where mathematical models could be used to connect specific variables of 
two levels are the printed products such as the point-of-purchase displays ex-
amined in Publication 2: in case of some visual attributes, such as gloss or 
brightness, it is possible to model the relationship between instrumentally 
measured optical properties of the physical sample and the perceived visual at-
tributes. In the printing, paper manufacturing, and packaging industries, there 
is knowledge how to produce different kinds of optical and other physical sur-
face properties in the final products. Thus, in the case of printed products, it is 
feasible to systematically control the visual attributes of the product. Same can 
be said of various kinds of digital display technologies. 

Going to the higher-level psychological experience dimensions or to complex 
design choices, the relationships between specific variables become vaguer and 
less amenable to exact mathematical modeling. The experience map diagram is 
a generic model representing the relationships in a multivariate perceptual data 
set. It maps the samples and attributes describing them into a common multi-
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dimensional space. The attributes are vectors in that space, the relative direc-
tions of two attribute vectors indicating the level of correlation between the at-
tributes within the evaluated set of samples: exact collinearity of two vectors 
would indicate complete correlation between the attributes. It is possible to 
have attributes of all three levels of the experience mapping concept in an expe-
rience map diagram. For example, in the case of Publication 2 instrumentally 
measured physical properties could have been included in the experience map. 
In cases where a top-level attribute, such as a specific mental impression asso-
ciated with the samples, correlated highly with a visual attribute, it would be 
reasonable to assume that the visual attribute contributed to the mental impres-
sion. Assuming one wished to emphasize this specific mental impression, this 
could lead to a design proposal in which the magnitude of the given visual at-
tribute was increased by adjusting a corresponding physical property or other 
kind of design variable. 

The observed relationships between attributes hold strictly only for the given 
set of samples. It cannot be known in advance if these relationships still hold 
when extrapolating beyond the attribute combinations and ranges that were 
present in the sample set. If one sought to derive from results obtained with the 
experience mapping approach general design rules for given kinds of products 
or services, one would have to carry out studies with large numbers of samples 
exemplifying a truly representative set of attribute combinations and ranges. In 
many cases this could be prohibitively time-consuming. However, if this ap-
proach was applied consistently in a specific application area in multiple stud-
ies, one could over time accumulate extensive perceptual data, which could pos-
sibly be used as a basis for inferring more generalizable attribute relationships, 
with stronger conviction that given relationships hold beyond a limited set of 
samples. Even with results obtained with a smaller set of samples, it could in 
some cases be practically worthwhile to derive speculative design proposals, ed-
ucated guesses based on experience mapping results of the kinds of attribute 
combinations that would shift the user experience of a given product, service, or 
prototype in the desired direction. In practical iterative design cycles, the next 
round of evaluation would show if the assumptions made in the previous round 
were sufficiently correct and guided the design in the right direction. In this vein 
of thought, the role of the experience mapping approach would be to inspire 
design variations in iterative design processes, suggesting attribute combina-
tions to be tried and evaluated in the next round of iterative design. In other 
words, we often cannot know for certain if a certain kind of attribute relation-
ship holds beyond the set of samples evaluated, but in an iterative design pro-
cess this kind of certainty is not often needed in practice. 

In the case of complex interactive systems, such as digital news publications 
of Publication 4, it is more difficult to derive direct design proposals from the 
experience map diagrams. In this case designer intuition is emphasized, and the 
role of experience mapping would be to inform the design process more gener-
ally. Integration with other methods is also in a more vital role in interpreting 
the experience mapping results in way that is meaningful to the design process. 
In principle, it would be possible to derive quantitative measures for complex 
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design variables, such as abundance and hierarchy of information in a newspa-
per layout, and to relate these to perceived attributes via experience mapping. 
In this way, more direct design proposals could be derived from experience 
mapping results. However, this has not been attempted in this work, and con-
siderable amount of designer intuition, experience, and discretion would likely 
still be needed. Experience mapping is not generally meant to be a tool for au-
tomatic design, but rather an approach for informing and guiding user-centric 
design processes. 

Summarizing the overall results of this work, the experiments described in 
Publication 1 – 5 and in this summary, apart from increasing the understanding 
of specific aspects of user experiences and their measurement and modeling in 
different application areas, have allowed us to more firmly outline the experi-
ence mapping approach and show its applicability, and identify some of its lim-
itations, in informing the design of different kinds of product and services. 
Based on these results, one can apply, adapt, and improve the approach for the 
purposes of different kinds of design processes. 
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In this chapter the experience mapping approach is briefly considered from 
further perspectives, focusing on how the approach could be applied, improved, 
and extended in the future. 

While user values have not been emphasized in this work, they are a central 
underlying concept in the experience mapping approach. Values relate to users, 
products and services, and their interactions. The user perceives some value in 
the use of the system, in the experience of using the system. Different users may 
value different aspects of products and user experiences. One user might value 
her car for getting quickly and effortlessly from one place to another. Automated 
driving functions would improve her user experience, the design matching her 
values. What about another person who just loves to drive, grab the wheel, hit 
the gas, and go wherever her mood takes her? An automated driverless car 
would ruin her experience. Whether they are explicitly aware of it or not, a calm-
ing effect of clean visual aesthetics of, say, a digital news service may contribute 
to the value of a news reading experience for a given reader, while another might 
enjoy the energizing abundance of a busy and colorful selection of news stories, 
and the third one would savor the soft feel of paper in his hands while spending 
a relaxed moment with the newspaper in the Sunday morning. 

Value dimensions could be added as the fourth level to the experience map-
ping concept. They are, however, closely related to the experiential dimensions 
of the third level: some of the experiential attributes contribute to the value pro-
vided for a certain group of users, while other attributes might decrease the 
value. Different statistical analysis methods could be used to add user segments 
with distinct value dimensions to experience map diagrams, in the vein of pref-
erence mapping. However, the given set of samples may not contain optimal 
value combinations for a given user segment, in which case conventional pref-
erence mapping would not be sufficient for locating the optimal experience for 
that user segment in the experience map. 

In this thesis, the experience map visualization has been seen only as a con-
ventional static diagram, illustrating the overall differences within a set of sam-
ples. However, there is often relevant information in the data that the diagram 
does not show. In the spirit of the visual analytics discipline, the experience map 
could be developed into an interactive visual analysis tool, providing deeper in-
sights into the user experience evaluation data set through interactive investi-
gation. In this approach the experience map diagram would become an interface 
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into the data and a set of analyses results describing relationships in that data. 
For example, the user experience analyst could choose two samples to highlight 
in the map attribute-wise relevant differences between those samples. As a fur-
ther example, an interactive map could allow the analyst to search for distinct 
user groups with interactively defined clustering criteria, and to illustrate the 
differences in experiences between those two groups. In this vision of the expe-
rience map as an interface to user experience data and analysis, the map would 
initially show an overview of the user experiences evoked by the given samples, 
and interactively reveal more detailed information, combining the analytical 
strengths of data analysis algorithms and the human analyst. 

In the increasingly digitalized world, trends such as ubiquitous computing, 
and embodied and situated interaction will keep changing the ways in which we 
interact with digital technology. When computers are ubiquitous and out of 
sight, the human-computer interaction paradigm may shift to human-world in-
teraction, transforming the interaction and its emotional impacts. New kinds of 
user values and needs arise within quickly changing use contexts, creating a 
need to understand new styles of use, e.g., as related to news reading or digital 
publications of many kinds, but also in the context of many kinds of future ser-
vices as well. On the other hand, the big data trend, driven by technological de-
velopments such as the Internet of Things, is making increasing amounts and 
types of user-experience-related data more readily available. For example, novel 
eye-tracking solutions in a wide range of devices could make objective measures 
of attention more readily available for analysis. Wearable devices similarly pro-
duce a rich set of data indicative of the varying states of their users, currently 
used in the quantified-self movement. The proliferation of user data leads to 
new kinds of opportunities in understanding users and customers, their needs 
and values, and how they are related to the characteristics of the networked dig-
ital systems that are envisioned be an increasingly significant component in the 
complex fabric of human activities, and human life generally. 

 Combining the visions of an interactive experience map and integration of 
user experience data from different sources, the experience map visualization 
and the experience mapping approach can be envisioned as part of a future UX 
dashboard or control desk where new data can be continuously added as it is 
obtained from different sources, and short- and long-term trends in evolving 
user experiences and behavior can be observed and possibly even predicted. 
Such analysis approaches can be used to better understand user experiences and 
human values in relation to interactive digital technologies, and to create tech-
nologies and environments that better support an aesthetic way of life and hu-
man wellbeing and potential, in the lines of the emerging positive computing 
paradigm. 
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Adapting softcopy color reproduction to ambient illumination

Janne S. Laine Abstract — The perceived colors of an image seen on a self-luminous display are affected by ambient
illumination. The ambient light reflected from the display faceplate is mixed with the image-forming
light emitted by the display. In addition to this direct physical effect of viewing flare, ambient illumi-
nation causes perceptual changes by affecting the adaptation state of the viewer’s visual system. This
paper first discusses these effects and how they can be compensated, outlining a display system able
to adjust its output based on prevailing lighting conditions. The emphasis is on compensating for the
perceptual effects of viewing conditions by means of color-appearance modeling. The effects of vary-
ing the degree of chromatic adaptation parameter D and the surround compensation parameters c
and Nc of the CIECAM97s color-appearance model were studied in psychophysical experiments. In
these memory-based paired comparison experiments, the observers judged the appearance of images
shown on an LCD under three different ambient-illumination conditions. The dependence of the
optimal parameter values on the level of ambient illumination was evident. The results of the final
experiment, using a category scaling technique, showed the benefit of using the color-appearance
model with the optimized parameters in compensating for the perceptual changes caused by varying
ambient illumination.

Keywords — Color appearance modeling, self-luminous display, LCD, ambient illumination, viewing
conditions, CIECAM97s.

1 Introduction
Ambient light can affect the perceived color on a display in
two ways: by causing reflections that change the display col-
orimetry or through perceptual phenomena connected to
the adaptation state of the person viewing the display. In
real-life situations, both are likely to occur to some extent.
An interesting case are reflective-type LCDs, which use
ambient light and whose primaries are therefore colorimet-
rically displaced when ambient light changes.1 In common
CRTs, transmissive-type LCDs, or other types of self-lumi-
nous displays, reflections of ambient light from the display
faceplate are considered a nuisance and are minimized
through display design and positioning of a display relative
to light sources. Still, ambient light is bound to have an
effect on the effective primaries as well as tone reproduc-
tion of a display in many situations. Color-appearance phe-
nomena refer to a set of perceptual effects by which two
physically identical samples can appear to be remarkably
different in color if they are viewed in two different viewing
conditions. In TV systems, for instance, both the amount of
flare and the perceptual phenomena associated with typical
viewing conditions, as well as other issues such as preferred
reproduction, are taken into account at the color encoding
stage; the transformation from the colorimetry of an original
scene to the reproduction on monitor in conventional
broadcast systems has been designed so that the picture
appears to be of good quality despite the aforementioned
physical and perceptual factors, whose net effect has there-
fore been approximately cancelled out by signal processing

and system characteristics. Still, the fact remains that when
illumination, or some other aspect of viewing conditions, is
changed the perceived colors in a picture on display also
change, as can easily be imagined when thinking of such
different viewing conditions as those depicted in Fig. 1.

The motivation for the experiments described later in
this paper was a scheme for adaptive color reproduction on
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FIGURE 1 — Two possible viewing conditions for a display device.
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displays used under varying lighting conditions. It is neces-
sary to separate the physical effects of flare and the percep-
tual color-appearance effects to systematically design a
display system that is capable of automatically adjusting its
output to any ambient illumination. The emphasis of this
paper is on predicting and accounting for the color-appear-
ance phenomena encountered when viewing a self-lumi-
nous display under differing lighting conditions. One of the
main reasons for developing color appearance models such
as the current CIE-recommended model, CIECAM97s2,3

(soon likely to be replaced by a revised model called
CIECAM02), has been a need to maintain the appearance
of images reproduced across media and varying viewing
conditions.4 In this context we wish to employ CIECAM97s
in controlling the appearance of self-luminous images
viewed on a single display but under varying lighting condi-
tions. Automatic luminance-level control is known to be
used in some commercial systems to adjust the display
brightness according to the overall level of illumination.
The goal here is to extend the adjustments to take into ac-
count a number of color-appearance phenomena.

In the recent past, a number of studies investigating
cross-media color reproduction have been reported. In
some cases appearance comparisons between a hardcopy
viewed under uniform illumination and a softcopy viewed
on a CRT under differing viewing conditions have been
made based on memory matching, and matching images
reported by test persons have been compared to the predic-
tions of various color-appearance or chromatic adaptation
models.10–12 Other investigations concentrated on appear-
ance comparisons between a hardcopy and a softcopy
viewed next to each other.16–20

In comparison, the experiments described in this
paper differ from the aforementioned in that only images on
a self-luminous display, seen under varying viewing condi-
tions, were compared. Also, unlike in other studies, the
images shown to the observers were not surrounded by dis-
play area with constant luminance and chromaticity; here,
the images covered all of the visible display area. The
experiments performed in order to improve the under-
standing of the use of CIECAM97s as a tool in adjusting
softcopy imagery are described after a general description
of the envisioned display system for automatically optimiz-
ing the display output to prevailing lighting conditions
around the display.

2 Framework for adaptive display color
management
A number of things are required to obtain the lofty goal of
controlled color reproduction on displays viewed under
varying light sources. First, the display system needs a light
sensor to estimate the properties of ambient light. Second,
display colorimetry must be controlled; this requires col-
orimetric characterization of the display as well as estima-
tion and modeling of reflections caused by ambient light,

assuming they cannot be properly eliminated. Third, the ef-
fects of ambient light on color perception via illumination-
related perceptual effects must be estimated and compensated
by means of color-appearance modeling.

We have built a test system in which a CCD camera is
used in estimation of scene illumination. The illumination
level is estimated based on readings from the CCD. A
proper exposure is set based on the illumination level and
an image of the scene is captured. The image is then ana-
lyzed to estimate the chromaticity of the illumination. Here,
we enter the field of white-point estimation and computa-
tional color constancy24; this aspect of the system will not be
discussed further in this paper. The illumination estimate
does not have to be based on a single image since the
response of the system is best modified gradually; therefore,
temporal changes can also be analyzed.

The colorimetric characteristics of the display, prefer-
ably measured in a flare-free environment, must be known
at reasonable accuracy to facilitate meaningful adjustments.
In real viewing situations, some ambient flare is bound to be
present. The amount of flare can be estimated based on the
ambient illumination. Suitable compensation for the effects
of flare must then be made. Even if display colorimetry and
the amount of flare are known the flare cannot be simply
computationally cancelled since it affects the effectual color
space of the display. The evident effects of additive flare are
a decrease in image contrast and colorfulness; these effects
must be appropriately compensated.5

At this stage, we make the simplifying assumption that
the properties of ambient illumination are known and its
reflections from the display faceplate can be eliminated or,
failing that, can be estimated and included in the display
colorimetric characterization. The focus at this point is
thereby on color-appearance modeling for displays used in
varying viewing conditions, and the problem is to control
the display luminance level and relative colorimetry so as to
optimize the reproduction for given viewing environment.

It is planned to perform a luminance-level adjustment
conceptually before the adjustments based on CIE-
CAM97s. Note that the luminance-level adjustment is per-
formed independently and is not tied to CIECAM97s
predictions of brightness or other appearance attributes; the
aim is simply to set the display luminance at a comfortable
level compared to ambient illumination. Still, the absolute
display luminance level naturally affects the appearance of
the image and this needs to be considered when choosing
parameters for a color-appearance model. In standards
dealing with visual display terminals used in office environ-
ments, various recommendations are given for the lumi-
nance balance between the display and the surrounding
areas. ISO 9241-3,7 for instance, states that the ratio of
average luminances of task areas such as displays and docu-
ments should be lower than 10:1.

By calculating CIECAM97s appearance correlates for
picture elements, using the forward model, in certain
assumed reference viewing conditions, the appearance of
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the picture in those conditions can be quantified. When the
viewing conditions change, the model can be used in inverse
direction to obtain the corresponding colors in these new
viewing conditions. In the adaptive system, the original
image RGB data is typically assumed to be in the sRGB
color space.8,9 Based on the sRGB definitions for display
characteristics and viewing conditions, CIECAM97s JCh
values, that is, correlates for lightness, chroma, and hue, are
calculated from the sRGB pixel values. These quantities
describe the appearance of color elements in a way that is
not tied to any specific viewing condition or color device.

The ambient illumination is given as 64 lux in the
sRGB specification, resulting in a luminance of 20.4 cd/m2

for a perfect white diffuser. Assuming a “gray world” of 20%
reflectance results in an average luminance of 4 cd/m2. The
monitor white for sRGB is 80 cd/m2, 20% of which is 16
cd/m2. Based on these numbers, a “dim” surround category
was chosen for sRGB when deciding the values for the CIE-
CAM97s parameters c and Nc, which control the surround
compensation. The surround effect refers to a decrease in
perceived image contrast when surround luminance levels
decrease relative to the sample luminance level. Surround
compensation is studied in the second experiment described
below. The background of picture elements is comprised of
adjacent picture elements or other areas of display; the
background relative luminance parameter is always set to 20
by the system, assuming an average gray background. The
adapting field luminance, LA, is used in modeling the effects
that depend on the absolute luminance level. The adapting
field consists of the total environment of a color element,
including also the background. On an sRGB display, the av-
erage luminance of the background of an image element
could be estimated to be 16 cd/m2, 20% of display maximum
luminance. Currently, the display system uses this 20% of
the display white as LA for sRGB and also for other viewing
conditions, regardless of the ambient illumination.

Choice of adopted white-point XYZ values is not that
straightforward in such mixed-mode viewing environments
with different white points and luminance levels for the
ambient illumination and display, either. The concept of
adopted white point is connected to the perceptual phe-
nomenon of chromatic adaptation, which refers to the abil-
ity of the human visual system to adapt, to some degree, to
the prevailing illumination. Because of this we perceive a
white paper as approximately white even when seen under
a reddish light source, for instance. In the case of self-lumi-
nous displays, the situation is trickier than with reflective
surfaces: the ambient illumination, even if it is not reflected
from the display, affects the perceived color of the display
since the observers state of chromatic adaptation is affected
by both the display white point and the white point of the
ambient light, the two rarely being identical. Other results
suggest that D65 chromaticity is a decent choice for
adopted white point in the case of sRGB15; this is used as
the adopted white point for sRGB and the parameter D is
set to 1.0 to indicate complete adaptation to the sRGB white

point. However, in different conditions the monitor white
point is not likely to be a good estimate of the internal
adapted white point of the human visual system.13–20

For an adaptive display system, two basic approaches
can be envisioned. The first one assumes a constant white
point for the display, and based on that white point and on
the ambient white-point estimate, a suitable adopted white
point is selected and the image is adjusted by incorporating
incomplete adaptation. This approach also assumes that the
background is made up of other areas of the display that are
not affected by these adjustments.16–20

In the second approach, which is currently used in the
system, a presumably small display is adapted to the given
ambient illumination, assuming that the picture fills all of
the display area. In this case the white point of the displayed
image will effectively also be the white point of the display.
The goal is then to set the display white point so that it
appears neutral when viewed in the given viewing condi-
tions. A reference white point of XYZ = (100, 100, 100), that
of an equal-energy source, of CIECAM97s can be used in a
totally dark environment; this is justified by the achromatic
appearance of equal-energy stimuli to the dark-adapted
eye.21 Any other the reference white point could be intro-
duced by substituting corresponding values for reference
white in CIECAM97s equations. The amount of departure
from the reference white point towards the ambient white
point in brighter environments is controlled by the parame-
ter D. The degree of chromatic adaptation cannot be, in this
case, estimated by the equation recommended in CIE-
CAM97s specifications3 with parameters set according to
the surround categories, however. This is because of the
double-white-point issue mentioned above and different
modes of visual perception used when viewing self-lumi-
nous softcopies, or hardcopies and original scenes that are
perceived to reflect prevailing illumination. In the adaptive
system, this is currently handled by lowering the value of the
F parameter from the values recommended in the CIE-
CAM97s specifications for different surround categories.
The effect of this change is to significantly reduce the shift
of the display white point toward the ambient white point.
The first experiment described below was designed to find
the most suitable values for D when used in this way.

3 Experiments and results
A single Dell 1701FP, a 17-in. active-matrix TFT-LCD, was
used in all the experiments. The display was calibrated in a
dark room, with stray light minimized, such that the
xy-chromaticity of the white point was (0.313, 0.329) and
the luminance was 214 cd/m2. The display was measured
with a Minolta CS-1000 spectroradiometer at 0° viewing
angle, i.e., normal to the screen. Absolute tristimulus values
of the CIE 1932 2° standard observer were recorded at 52
sample points for each of the red, green, and blue primary
ramps, corresponding to digital counts from 0 to the maxi-
mum of 255 at increments of 5. Tone reproduction curves in
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the form of one-dimensional look-up tables for each of the
RGB channels were calculated from measurement data by
interpolation. A 3 × 3 matrix was used to relate the linear
RGB scalars to XYZ tristimulus values. Black-level subtrac-
tion was necessary to deal with the non-zero emission of the
display when set to black, which seems to be typical of
LCDs and is likely due to the small amount of backlight that
is transmitted even in the full off-state of all primaries.6 The
accuracy of the characterization model was evaluated by
comparing predicted values to direct measurements. The
average error of the characterization for 27 RGB triplets
chosen from all parts of the color space was 0.89 ± 0.51
ΔEab*, the maximum being 1.93 ΔEab*. This accuracy is
reasonable and characterization errors were therefore con-
sidered unlikely to have a significant effect on the memory-
based experiments. Although higher colorimetric accuracy
can be achieved with CRTs, higher maximum luminances
offered by LCDs were preferred in these experiments.
Viewing-angle dependency is evident on the display at off-
axis viewing angles, but due to the experimental arrange-
ment, which forced the observers to view a limited region of
the display at angles very near to 0°, this was not thought to
be an issue in this context. The display was regularly
re-measured to ensure that the maximum characterization
error in the test set remained below 3.0 ΔEab* throughout
the experiments; the display was re-characterized once dur-
ing the experiments.

The viewing configuration is shown in Fig. 2. It was
vital for the experiments to minimize flare. Thus, the display
was hidden inside a box and was viewed through an aper-
ture. The outer surface of the box, visible to the observers
and its immediate surroundings, were of matte, uniform
middle-gray cardboard, whose reflectance factor was
approximately 0.2. The observers were instructed to view
the images from such a distance, about 60 cm, where only
the image was visible in the aperture. All of the display face
except the 6 × 6-cm image area was also covered to mini-

mize stray light within the box. The visual angle subtended
by the images was therefore approximately 6° vertically and
horizontally. Although flare was negligible in the dark and
dim conditions, ambient flare still caused an increase of
around 0.5 cd/m2 in display luminance, high enough to have
an effect on the experiments, under the highest level of
ambient illumination. This was compensated for by using
different display profiles for each of the viewing conditions;
the profiles for the dimmer conditions were modified by
additive constants that made the black and white points
equal under all viewing conditions. Enough room was left at
the high end of experimental images for this increase in
white point luminance.

The goal of the experiments was to test the usefulness
of color-appearance modeling in controlling the appearance
of softcopy images under different illumination conditions
and to identify the significant parameters in the adjust-
ments. Different CIECAM97s parameters were varied to
investigate their importance and to find optimal settings for
the application at hand; specifically, parameters for chro-
matic adaptation and the surround effect on perceived con-
trast were investigated. Color reproduction of four different
pictorial images on display was judged by 11 subjects with
normal color vision in three different illumination condi-
tions. The luminance and relative tristimulus values of the
CIE 1931 standard observer are given in Table 1 for white
at table level next to the display. In all the experimental
phases, a memory viewing technique was used25; 1-min
adaptation period was used whenever room illumination
was changed. The experiments, divided into three parts, and
their results are described below. The observers were famil-
iarized with the types of changes they were to expect in each
experiment by showing them a hardcopy of a series of pic-
tures that were similarly modified, i.e., showing shifts in
color balance or contrast due to various levels of chromatic
adaptation or surround compensation. The sample picture
was not used in any of the experiments.

As can be seen in Table 1, experimental viewing con-
ditions had differences in luminance levels as well as light-
source chromaticities. The pictures used in the experiments
are shown in Fig. 3. Let them be called fruit, loaded, swan,
and waterskier.

The first experiment examined the effects of different
degrees of incomplete chromatic adaptation by varying the
D parameter under different ambient illuminations. Two
sets of images were produced for the experiment, one for
viewing conditions A and the other for viewing conditions B.
The ambient white points for conditions A and B, from

FIGURE 2 — Viewing configuration for the experiments.

TABLE 1 — Viewing conditions.

Conditions

Ambient White Point

X Y Z L (cd/m2)

A 100 100 53 153

B 113 100 25 2

C 100 100 100 0
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Table 1, were used as adopted white points in the respective
sets. The set for conditions A contained six images produced
with D parameter values 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0, cor-
responding display white points ranging from XYZ values
(100, 100, 100) to (100, 100, 53), from no adaptation to com-
plete adaptation to the ambient white point. Values of 0.0,
0.1, 0.2, 0.3, 0.4, and 0.5 were used in the set for conditions
B. The ranges used in each experiment were chosen on the
basis of brief pilot studies; they indicated, for instance, that
the effect of low-level ambient illumination in conditions B
on the chromatic adaptation would be quite low, as expected,
thus leading us to restrict the highest D value in those con-
ditions to 0.5. All other CIECAM97s parameters were kept
constant for all images; display white-point luminance was
constant at 153 cd/m2. The reference image was produced
with an adopted white point of (100, 100, 100). After view-
ing the reference in conditions A, i.e., a dark room, for an
unlimited time, usually between 30 and 60 sec, the room
illumination was changed to either conditions A or B. The
observers were then, after 1 min of adaptation, presented
the images in pairs, in random order, and asked to select the
one that was closer in appearance to their memory of the
reference. They were instructed to concentrate on the
global color balance of the images in their judgements. The
observers were allowed to alternate between the images in
a pair, only one picture being displayed at a time, as many
times as they wished. Five seconds of black screen was
shown every time the picture was changed; the observers
were instructed to detach their view from the display area
during these intervals.

The interval scale values calculated from the paired
comparison data according to Thurstone’s Law of Compara-
tive Judgement, Case V, are shown in Fig. 4 with 95% con-
fidence intervals for scale-value differences. The Law of

Comparative Judgement is based on the assumption that
observers’ judgements follow a normal (gaussian) distribu-
tion. In practice, the distance of two samples on a percep-
tual scale can be estimated by the number of times a given
sample was chosen over the other samples in paired com-
parison. These experimental proportions are transformed
into standard deviates, z, which represent differences in the
mean scale values of the samples, normalized by the stand-
ard deviation. The scale values, i.e., z-scores, for the samples
are obtained from the z-values for the pairs. It follows, when
using Case V of Thurstone’s law, that one scale unit is equal
to σ√2, which makes the standard deviation σ equal to
(1/√2). The 95% confidence intervals were calculated as
follows:

(1)

where μ is the mean, i.e., here a given scale value, n is the
number of comparisons for a sample, and z0.975 is the 0.975
value in the table of probabilities for normal distribution,
corresponding to 95% of the area under the normal distri-
bution curve. The difference between two samples can be
considered statistically significant if the scale value of one
the samples does not fall within the confidence interval of
the other sample.

The z-scores for conditions A, peaking at D = 0.4, are
shown as circles, while the squares, peaking at D = 0.1, are
for conditions B. For condition B, the results for D values
0.4 and 0.5 were excluded from the scale generation since
their data columns contained zero and other very low pro-
portions, indicating that their appearance was far from the
reference. Although scale values were calculated using
Morrisey’s least-squares solution, which nicely handles this
incomplete matrix problem, the failure in the Mosteller’s
chi-squared test when these proportions were included
suggested that the Case V model did not properly represent
the data. When these uninteresting low-proportion sam-

95% confidence interval = ± = ±m s m
z

n n
0 975 196
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. .

,

FIGURE 3 — Pictures used in the experiments.

FIGURE 4 — Results of the chromatic adaptation experiment.
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ples were removed from analysis, the data passed the
chi-squared test, as did the other data sets in experiments 1
and 2, these with all of the paired comparison decisions
included.22,26

The second experiment examined the effects of the
CIECAM97s surround parameters c and Nc. A set of images
was produced by varying the c parameter; Nc was selected
as a function of c as suggested by Fairchild.23 Images
adjusted for conditions A, i.e. those reproduced from sRGB
originals using values 0.69 and 1.0 for c and Nc, respectively,
were used as the references. These and reproductions with
varying amount of surround compensation were judged
using the paired comparison method in viewing condition B
and C. The procedure was the same as in the first experi-
ment above, except that this time the observers were
instructed to concentrate on image contrast; also, the refer-
ence images were viewed in conditions A. The resulting
interval scales are shown in Fig. 5. Values for condition B,
peaking at c = 0.59, are again marked by squares; diamonds
stand for results in conditions C, the highest scale value
being found at c = 0.56.

Figure 6 shows how the contrast of reproduced pic-
ture changes with the surround parameter c. This should be
taken as a rough example only, remembering that the actual
test images were shown in color on an LCD. Still, the
increase in the contrast of reproduced images with a
decrease in the value of c can be clearly seen. The first row
corresponds approximately to the appearance of reproduc-
tions with different c values in an illuminated room (viewing
conditions A). The second row simulates the appearance of
the pictures in a dark room (conditions C), showing a
decrease in the perceived contrast of the images. The exam-
ple follows the results of the surround compensation experi-
ment, giving a matching appearance to the original seen in
condition A (top right) and the reproduction with c value of
0.56 seen in condition C (bottom row, second from the left).

The quality of image reproduction using the optimal
parameter values deduced from the first and second experi-
ments was judged under different viewing conditions in a

category scaling experiment. Here, two pictures from the
first two experiments, fruit and loaded, were used along
with two other pictures, lizard and beachvolley, shown in
Fig. 7. Seven versions of each picture were produced with
different CIECAM97s parameters listed in Table 2. LA, the
luminance of the adapting field, was set to 20% of the dis-
play white point, Ldisp. The adjustments column shows the
viewing conditions for which each image version was in-
tended. Picture version 1 was used as reference in condition
A. Both display luminance and CIECAM97s adjustments
were used in picture versions 2 and 3, while display white-
point luminance was not adjusted in versions 4 and 5. For
versions 6 and 7, only the display luminance level was
adjusted; the white-point luminance values for different
conditions were based on a brief experiment, not described
here, that tested the preferred display brightness, inde-
pendently of color appearance, in each of the three viewing
conditions.

The seven observers that took part in this third part of
the experiments were shown version 1 of the picture in con-
ditions A as a reference. After 1-min adaptation to condi-
tions B or C, they were asked to judge the quality of each
picture version, shown in random order for 5 sec, as a
reproduction of the reference, paying attention to matching
color appearance and comfortable brightness level. The
observers expressed their opinion using the following scale:
5 (“Excellent,” no perceptible difference to the reference),

FIGURE 5 — Results of the surround compensation experiment.

FIGURE 6 — An example of the effect of varying the value of the
surround parameter c. The first row corresponds approximately to the
appearance of reproductions with different c values in an illuminated
room. The second row simulates the appearance of the pictures in a dark
room.

FIGURE 7 — Pictures “Lizard” and “Beachvolley.”
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4 (“Good,” slight difference), 3 (“Acceptable,” on easily
perceptible difference but the picture is still an acceptable
reproduction of the reference), 2 (“Poor,” annoying differ-
ence), 1 (“Bad,” very annoying difference). Figures 8 and 9
show the average scores for different versions of the four
pictures. The right-side column in each group, with numeri-
cal values as shown above, shows the average score of the
corresponding version of all four pictures. In both viewing
conditions B and C, the picture versions adjusted specifi-
cally for those conditions (versions 4 and 5, respectively)
using CIECAM97s, without separate luminance level adjust-
ment, received highest average scores.

The standard deviation of scores for each picture ver-
sion was typically between 0.5 and 1.0. Note that unlike in
the case of interval scales created from the results of the
first and second experiments, the results of the experimen-
tal procedure and analysis method in the third experiment,
although they give an order of different versions of pictures
and indicate their perceived quality as matching reproduc-
tions of the originals, cannot be assumed to directly corre-
spond to the distances of different picture versions on a
perceptual scale.

Discussion
The observers’ judgements in the chromatic adaptation
experiment indicate changes in their states of adaptation. As

expected, the best match to the original viewed in a dark
room was produced when the display white point was
shifted towards that of the ambient illumination. In viewing
conditions A, the optimal display white point appears to be
slightly below half-way from the reference white point to
the ambient white point, the highest scale values being
those for the reproduction with the D parameter set to 0.4.
On the other hand, in condition B, only a slight shift towards
the ambient illumination chromaticity was evident in the
judgements, D = 0.1 receiving the highest scale value. This
was also an expected result, low-level ambient illumination
having less effect on the observers’ state of chromatic adap-
tation when viewing the display. Also, a given change in D
produced a larger perceptual difference in condition B than
in condition A since the white point of condition B is farther
from the reference white point than the white point of con-
dition A. It should be stressed that in these experiments the
images filled all of the visible display area, and the results
are therefore not directly comparable to investigations
involving also the context of display background, which is
likely to cause the observers to be more completely adapted
to the display. In those experiments, using uniform color
patches, the shift caused by ambient illumination was
weaker, around 10–20%.13–15 When softcopy pictorial images
were compared to hardcopies in mixed adaptation condi-

FIGURE 8 — Average scores for viewing condition B.

TABLE 2 — Adjustment parameters for the third experiment.

Version White point Ldisp (cd/m2) c D Adjustments

1 (100, 100, 53) 153 0.69 0.4 None, reference
(condition A)

2 (113, 100, 25) 90 0.59 0.1 Luminance +
CIECAM97s (B)

3 (100, 100, 100) 50 0.56 0 Luminance +
CIECAM97s (C)

4 (113, 100, 25) 153 0.59 0.1 CIECAM97s (B)

5 (100, 100, 100) 153 0.56 0 CIECAM97s (C)

6 (100, 100, 53) 90 NA NA Luminance (B)

7 (100, 100, 53) 50 NA NA Luminance (C)

FIGURE 9 — Average scores for viewing condition C.
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tions, the shift was found to be more pronounced at
40–60%.16–18,20

In the second experiment, the need for surround com-
pensation was evident. The results indicated the closest
match in condition C when parameter c was set to 0.56,
which is somewhat higher, corresponding to less surround
compensation in dark surrounds than recommended in
CIECAM97s specification for the dark-surround category.
However, since other sources11,23 suggest that the strength
of the surround effect is highly dependent on the viewing
conditions and the observational task this result does not
seem very surprising, either.

When using memory viewing techniques, the observers’
ability to correctly remember the reference image appear-
ance can be questioned. Especially personal preferences or
memory color effects coming into play is a concern if
observers make choices based on reproduction preferences
instead of judging whether an image matches the reference

in appearance. Although the observers were instructed to
avoid letting their preferences affect their judgements, in
the first experiment there was some evidence of preference
choices, or perhaps rather memory color effects, in the case
of the swan picture: around one-half of the observers made
decisions that indicated that the reference image itself was
the best match in condition A, which is in disagreement with
the results for the other images. This can be seen in Fig. 10,
which shows scale values calculated based on the judge-
ments for each of the four pictures separately, plotted on the
scale values calculated from the combined judgements for
all of the pictures. This was the only case in which judge-
ments for a particular picture significantly broke the trend
followed by the results of other pictures, as evident in Figs.
11–13, showing the picture-wise results of the other parts of
the experiments. Other than that, the degree of variability
seen between the curves of specific pictures is not surpris-
ing, considering the relatively low amount of judgement for
any single picture and the difficulty of the observers’ task.

It is possible that the warm yellowish glow of the set-
ting sun on the feathers of the swan caused some observers
to choose bluer reproductions in which the white feathers
appear more neutral, closer to the typical “swan white”
color; some observers, when interviewed after the experi-
ments and shown the reference, actually made comments
that support this view. Excluding the paired comparison
data for the swan picture from the calculation of scale values
for condition A in the first experiment produces some
changes in scale values shown in Fig. 4, bringing the value
for D = 0.6 slightly closer to that of D = 0.4 and decreasing
z-scores for D values 0.2 and 0.0. Interestingly, there was no
signs of observers being tricked by the same picture in con-
dition B; possibly the observers, most of them having started
with condition A, were more familiar with the task and were
therefore able to better memorize the appearance of the
reference. The results of some observers did not suggest
inconsistencies in any part of the experiments.

FIGURE 10 — Results of the chromatic adaptation experiment,
condition A.

FIGURE 11 — Results of the chromatic adaptation experiment,
condition B.

FIGURE 12 — Results of the surround compensation experiment,
condition B.
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It seems likely that the variations in the observer
responses had more to do with the difficulty of the task than
individual preferences. Many of the observers commented
on the difficulty of making a decision between images that
were “wrong in different ways,” for instance one too yellow,
the other too blue compared to the reference, saying that in
these cases they may have chosen according to their prefer-
ences if they could not decide which one was visually closer
to the original. Although tempted to make preference
choices, most of the observers felt they were generally able
to keep their preferences from affecting their judgements.
Other researchers have shown memory matching experi-
ments and image preference experiments to produce statis-
tically different results, indicating the suitability of the
memory matching technique to this type of experiment.25

For the relatively small set of observers used in the
third experiment, the results show the benefit of using
CIECAM97s when making softcopy reproductions to be
viewed in varying ambient illumination conditions. Also,
when adjusting the display luminance level, color-appear-
ance modeling significantly improves the quality of color
reproduction. The color appearance seemed to be greatly
affected when only the display luminance level was lowered
to a more comfortable level, resulting in low scores for pic-
ture versions 6 and 7; however, when CIECAM97s was also
used (versions 2 and 3), much higher average scores
resulted. Especially in dim conditions (B), the adjustments
using parameters intended for those conditions resulted in
better scores. In dark conditions (C), the versions specifi-
cally adjusted for those conditions significantly increased
their scores, compared to condition B, but the scores for all
versions were closer together than in condition B.

Returning to the overall theme of adaptive display sys-
tems, let us briefly discuss the requirements of practical
applications. The perceptual effects of viewing conditions
are as much present in real-life viewing situations as in the
laboratory experiments described above. However, due to
the viewing flare caused by ambient light reflecting from

the display, compensation for the perceptual effects of the
viewing conditions, such as the surround effect and chro-
matic adaptation, is not enough. In fact, the effects of per-
ceptual phenomena and physical flare are often somewhat
opposite to each other, balancing each other to some degree.
For instance, powerful ambient illumination draws the
observer’s state of chromatic adaptation towards the ambi-
ent white point, but the display white point is also shifted in
the same direction because of the ambient flare; similarly,
reducing the level of ambient illumination increases the
physical contrast in a displayed image (by reducing flare),
which somewhat compensates the reduction in perceived
contrast caused by darkening surround. This is not to say
that compensation for the perceptual phenomena is useless
or not needed in the presence of viewing flare. On the con-
trary, it is our opinion that compensation for the viewing
conditions can be very beneficial, but only if both the per-
ceptual phenomena and the effects of flare are taken into
account.

If we assume a certain reflectance factor for the dis-
play, the physical effect of ambient light can be modeled as
additive flare: the viewing flare absolute tristimulus values,
i.e., the product of ambient light tristimulus values and the
display reflectance factor, are simply added to the tristimu-
lus values produced by the display in the absence of flare.
The effects of flare cannot be cancelled simply by computa-
tionally inverting the contribution of flare, however, since
this would require the display to produce negative output.
Since viewing flare changes the effective gamut of the dis-
play, the problem we face is akin to the problem of gamut
mapping. Once a color-appearance model has been utilized
to calculate the corresponding colors in the assumed cur-
rent viewing conditions of the display, it may turn out that
the tristimulus values required for a given color appearance
are outside the reproducible color gamut of the display. This
may, in fact, happen even when no flare is present. In those
cases an additional gamut mapping step must be added to
adjust the abstract color-appearance correlates, mainly
lightness and chroma, so that the image data, when corre-
sponding colors are calculated by reversing the color
appearance model, fits within the effective color gamut of
the display in given viewing conditions. The gamut mapping
algorithm should sacrifice the appearance of the original
image in reference conditions as little as possible. In the
presence of extreme flare, such as when viewing a display in
bright sunshine, it is naturally impossible to get even close
to the appearance of an image in more ideal reference con-
ditions; the purpose of gamut mapping and color-appear-
ance adjustments must then be mainly to increase the
visibility of the displayed image by boosting contrast.

More specifically, image lightness and chroma values
should be mapped to fit the currently available display
dynamic range, which depends on the level of flare. The
main concern in this case should be to map lightness and
chroma values in a way that preserves the perceived overall
image contrast as closely as possible. Contrast-preserving

FIGURE 13 — Results of the surround compensation experiment,
condition C.
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rescaling functions such as those described by Braun and
Fairchild27,28 seem appropriate for this task. Generally
speaking, the transition from the dark to light tones in an
image should be made steeper by increasing the curvature
of the lightness mapping function at mid-tones when the
level of flare increases. The effect of this would be to com-
pensate for the lightness contrast reduction caused by flare.
Similarly, chroma mapping should seek to preserve the per-
ceived chromatic contrast. Hue shifts should naturally also
be avoided when performing gamut mapping, and the effect
of flare on the effective display white point should be taken
into account. However, especially in applications where
severe flare is possible, the contrast adjustment step is likely
to be the most important aspect of flare compensation.

We have based the experimental display system on the
CIECAM97s color-appearance model, which is likely to be
soon replaced by the CIECAM02 model. Although CIE-
CAM02 is computationally somewhat lighter than CIE-
CAM97s while giving equally or more accurate predictions,
the need may still arise to use more simplified color-appear-
ance modeling when transporting the system to platforms
where speed is an issue and processing power is limited. We
still thought it better to start with a rather universal scheme
based on an established model representing the best knowl-
edge in the field, pushing possible simplifications to be con-
sidered later if required by particular applications, rather
than building ad hoc adjustment algorithms whose useful-
ness could have been limited outside the target application.
It is our aim to further refine the adaptive display system
framework, looking for new insights and following progress
in color-appearance modeling and gamut mapping, and to
seek practical applications where it could be utilized.

Conclusions
Appearance of pictures seen on an LCD under varying
ambient illumination conditions was investigated. A series
of experiments was carried out to study the effect of CIE-
CAM97s chromatic adaptation and surround compensation
parameters in this context. The use of color-appearance
modeling was shown to improve color reproduction when
ambient illumination around the display was changed.
Although these results are encouraging, there are still some
problems to overcome when thinking of the adaptive display
system outlined above in real-life viewing conditions. One
important issue is compensating for the reflection of ambi-
ent illumination from the display and seamlessly incorporat-
ing these flare adjustments into the system.
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Abstract 
 
Hedonic shopping value is built with consumers' fantasies, feelings and fun, and it is more subjective than the utilitarian 
value, which stems from task completion. From the hedonic point of view, it is important to create positive associations 
and please the consumer. The hedonic aspect of shopping influences satisfaction with the retailer and positive word of 
mouth, which have an important role in building store loyalty. 
 
Brand owners (BO) communicate their values through multiple platforms, including point-of-purchase (POP) displays. 
The material choices of the platform must be in line with the message of the BO. It is therefore of interest to know what 
kinds of mental impressions the consumers gain and attach to POP displays when the material used or the printing 
method is changed. Getting the message right is very important for building the right kind of image and for stressing the 
hedonic shopping value. 
 
In this study, we use the experience map to get a better understanding of the hedonic shopping value associated to a 
selection of (POP) displays. The experience map is used for visualising how the consumers associate different mental 
impressions with POP display samples and which visual parameters characterise the same samples. Seven samples of POP 
displays of sweets selling racks were chosen for the study, of which six were printed by inkjet and one by offset. Six 
different board samples were used, including one sample of corrugated board. 
 
The results indicate that an experience map is well suited to evaluating the mental and visual attributes of the POP 
displays. Moreover, the experience map can be used to gain a better understanding of hedonic shopping value. Material 
choices had a clear effect on the mental attributes evoked by the samples. With the right material choices, the inkjet print 
quality is a good enough substitute for the offset print quality in sweets selling racks and communicating the message of 
the BO in the desired way. In this case, the consumers preferred the white background in delivering the message of fresh, 
berried (rich in berries) and delicious sweets over the brown background. The brown background was associated with an 
ecological image but at the same time it was experienced as fusty (stale) and cheap. 
 
Keywords: consumer experience, experience map, hedonic shopping value, inkjet, POP displays, user experience, 

substrate selection 
 
 
1. Introduction and background 
 
A large number, up to 70 %, of retail purchases are un-
planned, and some product categories, such as hedonic 
goods like chocolate, are very likely to be purchased on 
impulse (Inman, Winer and Ferraro, 2009). In-store 
communication and point-of-purchase (POP) marketing 
are much researched areas and they are increasing their 
share in the marketing expenditure (e.g. Ailawadi, Neslin, 
and Gedenk, 2001; Areni, Duhan and Kiecker, 1999; 
Beatty and Ferrell, 1998; Chandon et al., 2009; Jansson, 
Bonton and Marlow 2003; Sigurdsson, Engilbertsson 
and Foxall, 2010; Wilkinson, Mason and Paksoy, 1982). 
 
The time to catch the consumers' attention in the store 
is very short. Hoyer (1984) observed that in a grocery 
store, it takes an average of 13 seconds from entering 

the aisle to completing the decision. Furthermore, ap-
proximately 4.5 seconds of the time taken is devoted to 
the chosen brand. Thus, the first communication object-
tive in POP marketing is to catch the attention for the 
purpose of differentiation. Other objectives are remin-
ding consumers of marketing communications stimuli, 
providing information about product attributes, crea-
ting an image of positive associations, and persuading 
consumer to impulse buying (Sigurdsson, Engilbertsson 
and Foxall, 2010). In-store POP displays are one mar-
keting technique to immediately catch the consumer's 
eye and increase sales. 
 
Our research focuses on creating positive associations 
with the displays of sweets selling racks produced by 
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inkjet printing. Digital printing of packaging provides 
new possibilities for packaging customisation due to 
cost-effective short runs, on-demand production, and 
suitability for versatile packaging surfaces (Ewing, 2004). It 
offers new potential for targeted promotions. Currently, 
this technology is at an early stage, regardless of its his-
tory, which goes back to the 1940s. The idea in digital 
printing is its comprehensive nature: it is not just prin-
ting, but handling a broad service concept that incur-
porates customised printing as one part of the entity. 
The trend of tailoring packaging for specific consumer 
groups, events, and regions is a major opportunity in the 
printing market (Heilmann and Antikainen, 2009). Inkjet 
printing has not been widely used in packaging applica-
tions. Hence, it is not yet known how the end-users per-
ceive and accept inkjet quality in packaging solutions. 
 
1.1 Utilitarian and hedonic shopping value 
 
The shopping experience can be evaluated based on 
two dimensions representing how valuable the time 
spent on shopping was. Utilitarian shopping value re-
flects the instrumental benefits of shopping, whereas the 
hedonic shopping value is more tied to the experiential 
benefits (Babin, Darden and Griffin, 1994; Babin and 
Darden, 1995). Utilitarian shopping value has been 
described as the acquisition of products or services in 
an efficient manner and it reflects a more task-oriented, 
cognitive, and non-emotional outcome of shopping. 
The hedonic part is more subjective than the utilitarian 
value and stems more from consumers' fantasies, fe-
elings, and fun than from task completion (Babin, Dar-
den and Griffin, 1994; Holbrook and Hirschman, 1982). 
Jones, Reynolds and Arnold (2006) showed that utili-
tarian and hedonic shopping values can have different 
effects on retail outcome variables. 
 
The building blocks of utilitarian shopping value, such 
as good variety and assortment, as well as the availability 
of inventoried merchandise, provide a minimum thres-
hold for competition, but not enough for building store 
loyalty. The hedonic aspect of shopping has more in-
fluence on the satisfaction with the retailer, positive 
word of mouth, and on repatronage anticipation, which 
have a vital role in building loyalty (Jones, Reynolds and 
Arnold, 2006). 
 
Babin, Darden and Griffin (1994) have developed a 
two-dimensional scale of personal shopping value, in-
cluding both utilitarian and hedonic dimensions. The 
scale consists of several statements concerning either 
utilitarian or hedonic aspects of the shopping trip, which 
are evaluated using a five-point Likert scale (strongly 
disagree - strongly agree). Without major modifications, 
the scale has been used, for example, in studying con-
sumers' perceptions of hedonic and utilitarian shopping 
value associated with general merchandisers, relation-
ships between hedonic and utilitarian shopping value 
and retail outcome variables, and between inter-activity 

dimensions and perceived consumption value in e-com-
merce (Carpenter, 2008; Carpenter and Moore, 2009; 
Jones, Reynolds and Arnold, 2006; Yoo, Lee and Parka, 
2010). 
 
1.2 The effect of point-of-purchase displays on 

shopping experience 
 
The communication objectives of POP displays can 
also be divided into utilitarian and hedonic parts, based 
on the shopping value they reflect, as presented in Table 1. 
 
Table 1: The division of communication objectives of POP displays into 
utilitarian shopping value and hedonic shopping value. Adapted from 

(Babin, Darden and Griffin, 1994; Sigurdsson, 
Engilbertsson and Foxall, 2010) 

 
Communication objectives of POP marketing 

Utilarian shopping value: 
Task-related and rational 

 

Hedonic shopping value: 
Entertainment and 
emotional worth 

 Catch consumers' attention; 
 Reminding of marketing 
communications stimuli; 
 Giving information about 
product attributes 

 Creating positive 
associations; 
 Persuading to impulse 
buying 

 
Earlier research on POP displays has mainly concen-
trated on their effects on increasing sales, and the main 
focus has been on the utilitarian aspects of shopping. 
The findings from the studies are ambivalent. Wilkinson, 
Mason and Paksoy (1982) found that changes in product 
display and price reductions appear to increase unit 
sales of supermarket products more than newspaper 
advertising does. On the other hand, in the in-store ex-
periment of Sigurdsson, Engilbertsson and Foxall (2010), 
the POP display did not increase relative sales of the 
target brand. They suggest that the POP display as a 
stand-alone marketing communication channel has un-
reliable effects on increasing sales. The study of Areni, 
Duhan and Kiecker, (1999) showed that POP displays 
of wines can actually cause a decrease in sales of the fea-
tured brand due to reorganising products within the 
store. Chandon et al. (2009) studied the effect of the 
number and position of shelf facings on brand atten-
tion and evaluation. They concluded that the number of 
shelf facings, as well as shelf position, has an influence 
on visual attention. However, the attention gains do not 
always improve the brand evaluation. 
 
The different aspects of shopping value have mainly 
been studied at store level, although differences can be 
expected to exist between product categories and their 
marketing messages and methods (e.g. Babin and 
Darden, 1995; Carpenter and Moore, 2009). Earlier stu-
dies on associations and aesthetic responses deal with 
the design attributes of the product or package (e.g. 
Veryzer and Hutchinson, 1998; Creusen and Schoor-
mans, 2005; Garber, 1995). Jansson, Bonton and Mar-
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low (2003) have also studied the impact of the design 
attributes 'unity', 'proportion', and 'focal point' on con-
sumer aesthetic responses to POP displays. In addition 
to these aspects, there has been very little discussion on 
the hedonic value of POP displays in the literature. 
 
1.3 Research objectives 
 
The current study focuses specifically on the hedonic 
part of shopping and on creating positive associations 
with the POP displays of sweets selling racks produced 
by inkjet printing. As we are, at the same time, studying 
consumer acceptance of inkjet-printed POP displays, 
we are concentrating on rather small differences, mainly 
based on material choices. 

The first objective of this study was to define the 
experience map for sweets selling racks printed using of-
fset and inkjet printing, in order to identify the hedonic 
value associated with the product category and its mar-
keting material. The experience map illustrates how sub-
jective attributes like mental impressions and visual at-
tributes are associated with the samples under study. 
This research methodology is also presented in a study 
by Mensonen, Aikala and Laine (2010). In addition, we 
wanted to find out whether the inkjet quality is perceived as a 
good enough substitute for offset in order to use all the 
possibilities that inkjet provides for the brand owner. 
The underlying goal is to answer the question, is it pos-
sible to strengthen the desired associations created by the POP 
displays with the right material choices? 

 
 
2. Materials and methods 
 
The study was focused on the selling racks of sweets 
boxes (Figure 1b). Six different substrates were printed 
with an Océ Arizona 350GT flatbed inkjet printer, which 
uses piezoelectric printing technology. The printer uses 
UV-curable inks, the drop size which can be varied 
from 6 to 42 picolitres using OcéVariaDot imaging 
technology. The inks are dried with a UV-curing lamp. 
The sample set was completed with the reference sam-
ple, which was printed by offset. The samples and their 
characteristics are presented in Table 2. The L* (lu-
minance), Cab* (chroma), and hab* (hue) values of the 
CIELAB colour space were measured from the printed 

background (inside the letter "o" of the word smoothie) 
of the poster, and the gloss was measured from the left 
eye of the panda (Figure 1a). 
 
The Gretag Macbeth SpectroEye was used in the mea-
surements of L*, Cab*, and hab* values with settings of 
illuminant D50 and the CIE 1931 2º Standard Obser-
ver. A Zehntner ZLR 1050 was used in gloss measure-
ments, with a measuring angle of 20º. Figure 1a shows 
the layout of the poster. Sample 6 differed from the 
others as it was printed on single-faced corrugated board. 
The sample is presented in Figure 2. 

 

a)           b)  
 

Figure 1: a) On the left: The layout of the test poster. The arrows indicate the measuring points. b) On the right: The sweets selling racks 
 

Table 2: The characteristics of the samples 
 

Sample 1 2 3 4 5 6 7 

Description 

Top and 
bottom side 
white. 
Ink jet. 

Top side 
white, 
bottom side 
brown. 
Ink jet. 

Top and 
bottom side 
brown. 
Ink jet. 

Top side 
white, 
bottom side 
brown. 
Ink jet. 

Top and 
bottom side 
brown. 
Ink jet. 

Brown 
single faced 
corrugated 
board. 
Ink jet. 

Top and 
bottom side 
white. 
Offset. 
(ref.) 

Lightness L* 91 87 59 84 62 54 95 
Chroma Cab* 15 16 27 14 25 26 14 
Hue angle hab* 101 100 70 97 73 67 96 
Gloss % (20°) 2.9 2.3 1.7 2.1 1.6 1.3 3.8 
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Figure 2: The single-faced corrugated board (sample 6) 
 
Information on the mental impressions connected with 
the POP displays and their perceived magnitudes was 
collected in three stages, involving altogether 61 profes-
sionals or consumers. First, 25 persons with profes-
sional interest in media but with different backgrounds 
gave their opinion of the mental impressions evoked by 
the selling racks. There were more than 70 different 
impressions given. Mental impressions were grouped 
based on their similarity, and five groups were found. 
The mental impressions in three groups described the 
sample set in a very similar manner to the brand owner's 
description of the product, and some of the impress-
sions were exactly the same. The mental impressions in 
the other two groups resembled more of the professionals' 
thoughts of the product than impressions. The final set 
of mental impressions was complemented with the 
impressions of the brand and the product given by the 
brand owner of the sweets. By regrouping and removing 
overlapping mental impressions, thirteen impressions 
were chosen for closer study. The impressions were ge-
nerated using the Finnish language, and for this paper 
the chosen ones were translated into English. A short 
description was added to impressions that couldn't be 
translated one-to-one. The chosen mental impressions 
were: natural, delicious, fresh, childlike, brisk (refer-
ring to being lively), fusty (referring to being dull and

stale), ecological, cheap, berried (referring to being rich 
in berries), foreign, relaxed, pleasant, and bright. The 
images shown in bold above were given by the brand 
owner, images in italics were given by both the brand 
owner and the professionals, and the remaining images 
were given by the professionals. The magnitudes of 
images were evaluated by a consumer panel of 25 
people. 
 
The visual quality of the samples was evaluated against 
four criteria: lightness, colourfulness, gloss, and sharp-
ness. The visual assessment was made by a panel of 11 
printing experts. The test persons were given the in-
structions presented in Table 3. A similar methodology 
has been used before, in a study by Mensonen, Aikala 
and Laine (2010). 
 
Principal component analysis (PCA) and attribute map-
ping were used to create an experience map for the 
visualisation and interpretation of the results. The 
original data consisted of a total of 17 observations 
(assessments of the 4 visual attributes and 13 mental 
impressions) of each sample. 
 
The locations of the samples were mapped from the 
17-dimensional space of the original scales to the plane of 
the first two principal component axes. This reduced the 
redundancy in the original data (arising from the cor-
relations between the original scales) and allowed the 
most significant perceived differences between the sam-
ples to be illustrated on a 2-dimensional graph. The 
principal components are calculated as linear combi-
nations of the original variables so that the maximum 
amount of variance in the data is explained by the mi-
nimum number of principal components. 
 
By mapping the samples and also the original visual and 
mental impression scales to the principal component 
axes, the visual perceptions and mental impressions 
evoked by the samples can be visualised and interpret-
ted, as shown in the next section. Jackson (2003) des-
cribes principal component analysis in detail. 

 
Table 3: Instructions for the test persons 

 

Criteria Instructions 

Lightness 
Lightness refers to the perceived amount of light reflected by the sample, relative to the 
light incident on the sample. A sample with higher lightness appears to reflect more light 
than a sample with lower lightness. 

Colourfulness 
Colourfulness refers to the perceived purity of chromatic colours. For instance, an intense 
pure red sample has a higher colourfulness than a greyish subdued red sample. 

Gloss 

Gloss refers to the specular (mirror-like) reflection of ambient light from the surface of the 
sample. In highly glossy samples, this specular reflection is stronger than in less glossy 
samples and can mask the surface colour of the sample (making it hard to see the text and 
pictures in a magazine, for example) when viewed from a certain angle. 

Sharpness 

Sharpness refers to the perceived clarity of edges and the visual resolution of small details 
in a sample. In a sample with higher sharpness, small details in pictures are easier to discern 
and the edges of objects in pictures appear to be more distinctly defined than in a sample of 
lower sharpness, for instance. 



A. MENSONEN, M. AIKALA, J. LAINE, A. SEISTO  -  J. PRINT MEDIA TECHNOL. RES. 1(2012)4, 205-213 209 

 

3. Results 
 
3.1 Visual evaluation 
 
The visual attribute profiles presented in Figure 3 in-
dicate considerable differences between the POP dis-
play samples in all of the four evaluated visual attri-
butes. In this sample set, the attributes colourfulness 
and lightness had a close correlation. Perceived sharp-
ness and gloss also had a relatively high correlation with 
one another across the samples (with sample 5 slightly 
deviating from this trend with its relatively higher sharp-
ness, as compared to its own level of perceived gloss), 
but did not follow the pattern of colourfulness and 
lightness for all samples. For instance, sample 3 had a 
relatively high sharpness and gloss but low colourful-
ness and lightness, as opposed to sample 2, which had 
very similar levels of perceived lightness and gloss to 
 

sample 3 but considerably higher colourfulness and 
lightness. 
 
The raw data from the evaluation of each of the four vi-
sual attributes of the samples consisted of an integer 
from 0 (the smallest magnitude of the given visual attri-
bute among the POP display samples, as evaluated by 
the given observer) to 24 (the largest magnitude of the 
given attribute among the samples, as evaluated by the 
given observer) for each observation of each sample. 
Visualisation based on principal component analysis of 
the variance in evaluations across the 11 observers in the 
visual evaluation panel revealed outlier observations by 
2 observers. The observations by these two observers 
were excluded from the analysis. Hence, the results in 
Figure 3 were derived from the evaluations of the 9 re-
maining observers. 

 
 

Figure 3: Visual attribute profiles for the seven POP display samples 
 

The scale value for each sample on each visual attribute 
scale was calculated as the average of individual obser-
vations. The scale values were further mapped to a 
range from 0 to 100 by dividing by 24 and multiplying 
by 100. Thus, e.g., a sample judged as having the largest 
magnitude of a given attribute by all observers would 
receive a scale value of 100. The visual attribute profiles 
for the seven POP display samples are plotted in Figure 
3. The error bars in the figure indicate the least sig-
nificant difference (LSD, see Meilgaard, Civille and Carr, 
1999) between the scale values at 95 % confidence level. 
When the difference between the scale values of two 
samples is larger than the LSD value (when the data 
point corresponding to the scale value of a sample does 
not lie within the error bars of the other sample in the 
graph), the difference can be considered to be statis-
tically significant. 
 
3.2 Mental impression 
 
Figure 4 shows an example of the mental impressions 
associated with the samples. The mental impression mag-

nitude scales, comprising all the 13 mental impressions 
studied for the 7 POP display samples, are plotted in 
Figure A1 in the Appendix. The results indicate consi-
derable differences in the mental impressions evoked 
by the samples. Correlations between some mental im-
presssion magnitudes are also evident, as presented in 
Figure 4. 
 
For instance, the scales for the mental impressions 
"brisk" and "fresh" are very similar to one another, and 
the Pearson's correlation coefficient for these two 
scales, r = 0.995, indicates very strong linear correlation. 
The raw data from the mental impressions assessment 
task consisted of an integer between 0 and 100 for each 
subjective assessment of the strength of a given mental 
impression associated with the given POP display 
sample by the given observer. Analysis of the variation 
in assessments between the subjects did not reveal any 
clear outliers or distinct clusters of observers. The 13 
mental impression scales were calculated as the averages 
across assessments of all 25 subjects. The error bars in-
dicate the 95 % confidence intervals for the mean value. 
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Figure 4: Four of the thirteen mental association scales for the seven POP samples. See Appendix for a graph of all 13 mental association scales 
 
3.3 Experience map 
 
An experience mapping approach, based on principal 
component analysis (PCA) and attribute mapping, was 
used to further analyse and visualise the perceived dif-
ferences between the POP display samples and the rela-
tionships between different visual attributes and mental 
impressions. The visual attribute scales and the mental 
impression scales were normalised across the samples 
and combined in a single data matrix. PCA was used to 
calculate the principal components of this 17-dimen-
sional space (4 visual attributes + 13 mental impress-
sions). The locations of the samples were mapped from 
the original 17-dimensional space onto the space of the 
principal component axes. Roughly 85 % of the varian-
ce in the data between the POP display samples can be 
explained by the first principal component. Together, 
the first two principal components account for approxi-
mately 93 % of the variance between the samples, re-
presenting the vast majority of perceived differences 
between the samples. 
 
Figure 5 shows the locations of the 7 POP display samples 
on the plane of the first two principal components. The 
vectors in the graph indicate the relative contributions 
of the 17 original variables (visual attributes and mental 
impressions) to the first two principal components. 
 
The approximately horizontal direction of the graph 
differentiates the samples mainly according to their per-
ceived lightness and colourfulness, with the close cor-
relation between these two attributes shown by their 
vectors pointing in the same direction. Samples 7 and 1 
had the highest colourfulness and lightness and also ra-
ted high in association with mental impressions such as 
fresh, berried, delicious, brisk, and childlike. Negatively 
correlated with these attributes were the impressions of 
being fusty, cheap, and ecological (environ-mentally fri-
endly). 
 
The latter impressions were most strongly associated 
with samples 3, 5, and 6. Gloss and sharpness further 
differentiated between the samples in a top-right to 
bottom-left direction in the graph, and contributed to 
their pleasantness (as did colourfulness and lightness). 

Relaxed, shown in a smaller point size in Figure 5, was 
the only attribute for which there were no statistically 
significant differences between any of the samples at 
95 % confidence level. 
 

 
 

Figure 5: The POP display samples (blue numbers) and the visual 
attribute (green) and mental association (red) vectors plotted on the 

plane of principal components 1 and 2 
 
A MANOVA analysis indicated that the mental as-
sociation evaluation results were significantly different 
at a 95 % confidence level between all pairs of samples 
except for the following pairs of samples: samples 1 
and 7, samples 2 and 4, samples 3 and 5, samples 3 and 
6, and samples 5 and 6. Three groups of samples can 
thus be distinguished in such a way that the mental 
impressions are different between the samples of dif-
ferent groups but do not differ significantly between 
the samples within the group. The first group com-
prises samples 1 and 7, the second group of samples 2 
and 4, and the third group of samples 3, 5, and 6. A 
MANOVA analysis for the visual evaluation based on 
the four visual attributes, on the other hand, indicated 
statistically significant differences between all samples.  
 
This suggests that while some of the samples evoked si-
milar mental impressions, none of them appeared vi-
sually identical to another sample on close inspection.
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4. Discussion 
 
The results show that, among the studied POP display 
samples, the large perceived differences in the visual 
attributes of colourfulness and lightness were further 
perceptually differentiated between some of the samples 
(mainly samples 3, 5 and 6) by sharpness and gloss. 
Sharpness and gloss can also explain some of the vari-
ance in pleasantness between the samples, beyond the 
contribution of the colourfulness and lightness varia-
tion to the differences in pleasantness. A part of this 
pleasantness variation between the samples is indepen-
dent of the variation in the strength of other mental 
images, such as the image of being ecological. 
 
Based on the results, the samples printed on brown 
board (samples 3, 5, and 6) are found to be fusty, 
cheap, and ecological in consumer evaluation. In earlier 
studies, ecological packaging has been defined as mi-
nimizing the impact of packaging materials  (Ver-
nuccio, Cozzolino and Michelini 2010; Prendergast and 
Pitt, 1996; Bone and Corey, 1992). From a material 
point of view, this means reduced use of materials and 
packaging material that is ecological or certified, and it 
can be recycled (Vernuccio, Cozzolino and Michelini, 
2010). This can be interpreted as using less processed 
materials, which means that the shade of the board is 
brownish like wood fibres or greyish like recycled 
fibres. Reduced use of materials also includes a reduced 
amount of ink, which means less colourful images. 
 
The ecological impression in the case of these POP 
displays for sweets selling racks is strongly related to 
cheapness and fustiness, which is not the message that 
the BO wishes to deliver. Hence, care needs to be taken 
when aiming at an ecological image of the product. 
Environmentally conscious consumers can be receptive 
to ecological signs, but the message should not be mis-
leading. Treated poorly, green  consumers might not 
only switch brands, but might take others with them as 
well (Shrum, McCarty and Lowrey, 1995). In this case, 
the brand owner’s desired images (bright, brisk, fresh, 

berried, and delicious) are close to the reference sample 
printed on white board with offset (sample 7) and the 
sample printed on white board with inkjet (sample 1). 
The chosen materials give the product brisk and bright 
images. Based on the results, it is recommended to keep 
the material choices in line with the present state and 
not to make any radical changes towards materials with 
a brownish colour. 
 
The results obtained show that there is no significant 
difference in the measured mental impressions of sam-
ples 1 and 7, but in visual attributes there is. This means 
that the difference is visible although it does not appear 
to be of importance in practice, with regard to the men-
tal impressions. Thus, it may be concluded that the qua-
lity of the inkjet-printed sample (sample 1) is good 
enough to replace the sample printed by offset (sample 
7). Hence, the ability of inkjet printing for personalisa-
tion could very well be used to attract the attention of 
consumers. In addition, through the use of inkjet prin-
ting, the POP displays could be printed in as small quan-
tities as needed, and in this way surprise consumers by 
varying, for example, the display information, colours 
used, and layout. 
 
From the viewpoint of hedonic shopping value, it is 
important to create positive associations and please the 
consumer. The results indicate that the experience map 
is a useful tool for visualising the interdependence of 
mental associations, as well as the correlation between 
mental associations and samples studied. Consumer ex-
perience of POP displays can be guided in different 
directions through material choices. In this study, the 
material choice had a significantly larger effect on the 
user experience than the choice of printing method. 
The link between experienced hedonic shopping value 
and buying decision was not within the scope of this 
study but would be an interesting direction for future 
research. 

 
 
5. Conclusions 
 
The experience map was used in this study to test the 
suitability of the method for evaluating hedonic shop-
ping value and the correct marketing messages, through 
the evaluation of POP displays for sweets selling racks. 
Seven POP displays were chosen for the study to ob-
tain variability of materials and printing methods. 
 
For the brand owner, it was important to receive in-
formation both on the effect of changing the board 
material used for the POP display and on the potential 
for replacing the offset printing method with inkjet 
printing. 

Based on the results, the experience map is suitable for 
giving information on the hedonic shopping value. It 
could be used to gain more information on the mental 
impressions associated with the POP displays as well as 
on the interconnection between the mental impressions 
and visual attributes. The results show that, with the 
correct material choice, the inkjet printed POP display 
was experienced in a very similar manner to the offset 
printed POP display, even though the samples were vi-
sually perceived as different. The results also pointed 
out the importance of material choice when aiming at 
certain mental images being associated with the product. 
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Figure A1: All 13 mental association scales for the seven POP samples 
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Abstract 
 
Narrative transportation theory proposes that when people lose themselves in a story, their attitudes and intentions 
change to reflect that story. Travel can be used as a metaphor for reading to conceptualize narrative transportation as a 
state of detachment from the world of origin that the story receiver experiences because of his or her engrossment in the 
story. The state of narrative transportation makes the world of origin partially inaccessible to the story receiver, thus 
marking a clear separation in terms of here/there and now/before, or narrative world/world of origin. 
 
Narrative engagement is part of narrative transportation and it consists of four dimensions: narrative understanding, 
attentional focus, emotional engagement and narrative presence. 
 
This study compares the narrative engagement that reading novel-type texts evokes using either a printed book or an 
eBook as the reading platform. A reading test in controlled laboratory conditions was conducted and the results show that 
there were no statistically significant differences in narrative engagement. This result was verified in more natural reading 
environments through a qualitative study. 
 
Keywords: eBooks and printed books, narrative engagement, reading speed, comprehension 

 
 
1. Introduction 
 
Most people recognize the instance in which a book to-
tally captivates and absorbs them, while hindering dis-
tractions from other sources of influence. In other 
words, a heightened focus, obtained through deep con-
centration, pushes aside any other thoughts obstructing 
a focal interaction. Accordingly, the physicality of the 
book vanishes to a degree, leading to a sensation of uni-
ty with the content, amplifying the message it conveys. 
Such possible engagement excites the reader, making a 
previously encountered deep mental involvement a goal 
when trying to encapsulate a reading experience in want 
of immersion. The mechanical act of reading is not 
sufficient to create such narrative engagement with the 
content. The individual needs to invoke an image by 
herself - in accordance with the meaning of the text - 
which will transcend her previous situation and widen 
her personal horizon. According to Mangen (2008), phe-

nomenological immersive reading depends on our abi-
lities to create a virtual world from the symbolic repre-
sentations displayed by means of any technological plat-
form. 
 
A requirement for positive reader engagement and sa-
tisfaction is that the reading platform, either printed or 
digital, offers minimal disturbances to the user; that it 
becomes more or less transparent. As an example, read-
ers should not get distracted by the clicking of the next 
page button and the time lag in page turning. The pur-
pose of this study is to compare the narrative enga-
gement when reading a printed book with reading an 
eBook on a tablet device. Two reading performance 
measures, reading speed and comprehension, were also 
compared. Both laboratory experiments and real life 
reading studies were carried out. 

 
 
2. Narrative engagement 
 
Reading does have different levels of involvement, 
indicated by the many words for reading: to leaf, flick 
or thumb through, to look over, to browse and skim, to 

study, scrutinize and peruse, to decipher and interpret. 
Reading of novels is usually continuous from beginning 
to end and the goal is usually to reach an emotionally 
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satisfying engaging reading experience. In many cases, 
the engagement is for the greater part created by inter-
nal processes in the user's mind since novels are usually 
presented as non-illustrated text, offering no options 
but to read. 
 
Ryan (2001) has examined the many metaphors used in 
describing engaged reading, which is usually associated 
with movement, saturation or depth, often in combi-
nations. We talk of being carried away or lost in read-
ing, to be deeply involved or to be immersed, deeply 
absorbed or engrossed in reading. 
 
In immersive imaginative reading, readers get involved 
in a story, conjuring up vivid images of persons and 
places, living through situations, empathising with cha-
racters. In this process, readers are carried away into 
imagined worlds, anxious to know what is going to 
happen. Becoming immersed in reading is usually emo-
tionally satisfying and some people consciously use no-
vel reading as a form of escape. Immersive imaginative 
reading is often associated with narratives and requires 
reading to be fairly fluent (Hillesund, 2010). 
 
All readers experience that text involvement is relative; 
that immersion is a matter of degree. Much fictional 
literature, both classical and modern, requires a high 
degree of reflection in order to make sense and arouse 
interest. Thrillers, westerns, and mysteries immerse us 
in their characters and plots, making us temporarily 
oblivious of the world around us. Texts by "difficult" 
writers engage us by challenging and subverting our 
schemas, reminding us of our role as readers and sen-
semakers. Busselle and Bilandzi (2009) describe four di-
mensions of narrative engagement which can be inter-
preted as representing unique but interrelated engage-
ment processes. The components are narrative under-
standing, attentional focus, emotional engagement and 
narrative presence (Bal and Veltkamp, 2013). 

Narrative understanding can be described as ease in com-
prehending a narrative or, from a mental models per-
spective, ease in constructing models of meaning. 
 
Attention is the cognitive process of selectively con-
centrating on one aspect of the environment while ig-
noring other things. Focused attention is the task of acti-
vely paying attention to only one task. A truly engaged 
reader should be unaware of focused attention and 
should become aware only if attention drifts or must be 
refocused. 
 
Emotional engagement (feeling for and with characters) ap-
pears to be specific to the emotional arousal compo-
nent of narrative engagement, but not necessarily to any 
specific emotion. Readers of a fictional narrative can 
identify with the main characters, and such identifica-
tion and sympathizing with the main characters can be 
expected to be stronger as the reader becomes more fa-
miliar with them, in other words, when one reads more 
of a novel. Thus, the effects of fictional narrative expe-
riences may be stronger as one has a more prolonged ex-
posure. 
 
Narrative presence is the sensation that one has left the 
actual world and entered the story. This can be concei-
ved as a twofold phenomenon. One is an intense focus 
resulting in a loss of awareness of self and surround-
ings. The second is the sensation of entering another 
space and time, which should be unique to narratives. 
 
A slightly different perspective on narrative engagement 
is presented by Enlund (2000) who argues that a sense 
of presence and reality can be produced through a com-
bination of sensory environment (the technical cha-
racteristics of the delivery platform), content character-
istics and various individual preconditions such as emo-
tional state, associative context and the active suspen-
sion of disbelief (Figure 1). 

 

 
Figure 1: 

A framework for creating a sense of presence and reality (Enlund, 2000) 
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3. Experiments 
 
40 persons participated in our laboratory experiments. 
The participants were recruited by various means: by 
contacting people who expressed their interest when 
answering a web survey aimed at the library patrons 
using a new eBook loaning system, by e-mailing and 
directly contacting people working in various positions 
at the same research centre as the authors, as well as their 
family members and other acquaintances, and through 
other contacts. 
 
This convenient group of participants was comprised 
of persons with relatively varying backgrounds (but was 
not a random sample and cannot be assumed to repre-
sent a general population). 25 of the participants (62.5%) 
were women and 15 (37.5%) were men. The ages of the 
participants ranged from 15 to 64 years old. 
 
Each participant read two texts from a printed edition 
and two texts from a digital edition. Three of the texts 
were selected from three different novels and one from 
a nonfiction book. The novels can be characterized as a 
humorous autobiographical novel (text 1), a historical 
romantic drama (text 2), and a psychological novel (text 
3). The nonfictional book (text 4) can be characterized 
as a social commentary. 
 
The texts lengths varied from three to eight pages con-
sisting an entire chapter or just the beginning of a chap-
ter. The order of the texts was randomized and each 
text was read by 20 persons from a printed edition and 
by 20 persons from a digital edition. The digital edition 
was read using BlueFire Reader software on an Apple 
iPad 4 (Bluefire Productions, 2014). The tests were con-
ducted under controlled viewing conditions approxima-

ting the viewing conditions P2 defined in ISO 3664:2000 
for practical evaluation of printed products, with chro-
maticity coordinates approximating those of the CIE 
standard illuminant D50 and with the illuminance of 
approximately 500 lx at the table level (International 
Standards Office, 2000). Indirect illumination from fluo-
rescent tubes reflected from the ceiling of the room was 
used. Selected light sources were turned off when read-
ing book sections from the tablet device. Otherwise the 
lighting conditions were similar between the cases of 
reading a printed book and a digital book from a tablet, 
with the same chromaticity and similar levels of ambi-
ent illumination. Difficulties with glare, such as may 
occur with tablets when reading in direct sunlight, were 
eliminated through this arrangement. The brightness 
adjustment slider on the iPad was manually set to the 
middle of the scale (automatic brightness adjustment 
was turned off). 
 
After reading the text, each participant answered a set 
of reading comprehension and reading experience quest-
ions. This procedure was repeated four times. Finally, at 
the end of the test session, the readers were asked to as-
sociate different properties with the digital and printed 
books. 
 
The reading experience questionnaire assessed different 
aspects of the narrative engagement using a ten-point 
Likert scale. The following four dimensions were eva-
luated: narrative understanding (eight questions), at-
tentional focus (seven questions), emotional engage-
ment (eleven questions) and narrative presence (nine 
questions). Examples of the questionnaire are presented 
in Table 1. 

 
Table 1: Examples of questions in the reading questionnaire. Items marked with asterisk are reverse-worded 

 
Dimension Item indicator 

Narrative understanding 
I had a hard time recognizing the thread of story. * 
At times, I had a hard time making sense of what was going on in the story.* 
The story was easy to understand. 

Attention I found my mind wandering while reading the story.* 
While reading my mind was concentrated. 

Emotional engagement 
The story affected me emotionally 
The events in the story felt meaningful. 

Narrative presence 
While reading, the story's world was closer to me than the real world. 
I could easily picture the events of the story taking place. 

 
Reading comprehension was assessed using reading 
quiz questions. Multiple-choice questions whose answers 
could be found in the passages read were developed. 
Four questions per story were presented to the partici-
pants. Reading speed was simply measured as the time 
needed to read the presented chapter of the book. After 
completing the reading experience questionnaires and 
answering the reading comprehension multiple choice 

questions, the participants were instructed to think of 
and compare their general impressions, feelings and 
thoughts concerning reading printed books and reading 
digital books on a tablet device, based on this experi-
ment as well as on their earlier real-life experiences. 
 
They were then presented with a questionnaire contain-
ing 40 statements or mental associations such as "Read-
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ing demands concentration", "Reading to relax", or 
"Text appears tangible". They were instructed to move 
a pointer on a 9-point scale from the midpoint towards 
either end ("Printed book" on left, "Digital book" on 

right) to indicate the platform with which they more 
strongly associated the given statement or aspect, and 
to indicated stronger association by moving the slider 
farther in that direction. 

 
 
4. Results of the laboratory experiments 
 
The readers experienced similar narrative engagement 
when reading either a printed or an eBook version of 
the four texts. The differences in the engagement di-
mensions were statistically insignificant. The four di-
mensions narrative understanding (UND), attentional 
focus (ATT), emotional engagement (EMO) and narra-
tive presence (PRE) are shown for both the printed (P) 
and the digital (D) books in Figure 2. The different 
dimensions are scaled to allow comparison. 

All four texts evoked similar narrative engagement. 
 
The only exception was text 4 which produced lower 
emotional engagement in the readers. 
 
This is quite natural because this non-fictional text did 
not offer main characters with whom the reader could 
identify and sympathize. The emotional engagement of 
the different texts is show in Figure 3. 

 

 
 

Figure 2: Different narrative engagement dimensions of the four texts in printed (P) and digital (D) form. 95 % confidence intervals are also shown 
 

 
 

Figure 3: The emotional engagement of the texts 1-4 in printed and in digital form. Texts 1-3 are from novels and text 4 is from a non-fictional book 
 
Figure 4 depicts the distribution of reading times be-
tween the participants for the printed and digital ver-
sions of texts 1 to 4. The horizontal red line on each 
column of the graph indicates the median reading time 
in that case. The thick bars extending below and above 

the median value indicate the 25% lower quartiles and 
75% upper quartiles of reading times among parti-
cipants. The horizontal extent of the bar thus indicates 
the interquartile range containing half of the reading ti-
mes for that particular text and reading platform. The 
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notches around the median value indicate the 95% con-
fidence intervals for the median. The confidence inter-
vals were calculated assuming normal distributions, but 
provide reasonable estimates of confidence intervals 
even in the cases when the values are not normally dis-

tributed. The whiskers plotted with broken lines extend 
to the shortest and longest reading times among the 
main group of participants and the red crosses indicate 
the reading times of observers that can be considered 
outliers. 

 

 
Figure 4: A box-plot depicting the reading time distributions of the printed and digital versions of the four texts among the participants 

 
As expected, there are significant differences between 
the median (and mean) reading times between different 
texts. However, the difference in the median or mean 
reading time between the printed and digital version is 
not statistically significant at the 95% confidence level 
for any of the texts. 
 
There were mostly no significant differences in text com-
prehension between the printed and digital versions. 

In the statistical analysis, the mean reading comprehen-
sion score was found to be slightly higher for the print-
ed version of Text 3 than for the digital version of the 
same text (significant difference at 95% confidence le-
vel). 
 
For Texts 1, 2, and 4, no statistically significant differ-
rences were found in reading comprehension scores 
between the printed and digital versions (Table 2). 

 
Table 2: The mean values and standard deviations of reading comprehension scores among participants for printed and digital versions of the texts 

 

 
Text 1 Text 2 Text 3 Text 4 

Print Digital Print Digital Print Digital Print Digital 

Mean 2.8 3.0 3.0 2.9 3.5 2.8 2.3 2.5 

Standard deviation 0.9 0.9 1.1 0.9 0.6 0.8 1.1 0.8 
 
The readers were also asked to link different mental 
associations with the reading platforms. The mental 
associations that the readers have with the printed and 
digital book were different. Printed books were 
associated with long, luxurious, inspiring and relaxing 
reading sessions where the reader feels to be in control 
of the reading situation. In contrast, the digital reading 

device was associated with work related reading 
situations where information finding is of importance. 
Tables 3 and 4 list the statements and aspects that had a 
significantly stronger association with either reading di-
gital books on a tablet device (Table 3) or printed books 
(Table 4) at 95% confidence level, as indicated by Stu-
dent's t-test for the mean of each scale value. 

 
Table 3: Statements that had a significantly stronger association with reading digital books on a tablet device (at 95 % confidence level) 

than with reading printed books. The statements are arranged in order of increasing p-value (roughly corresponding to decreasing 
statistical significance) from left to right 

 

Reading is tiresome Work-related reading Disturbing gloss or glare Finding information 
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Table 4: Statements that had a significantly stronger association with printed books (at 95 % confidence level) than with digital books read 
on a tablet device. The statements are arranged in order of increasing p-value (roughly corresponding to decreasing statistical significance) 

from left to right and from top to bottom 
 

Suitable for long reading 
sessions 

Suitable for luxurious reading 
sessions 

Perceiving the whole content 
available within a title 

Comfortable posture for 
reading 

Suitable for inspiring 
reading sessions 

Pleasant platform for reading 
books in general Text appears tangible 

Blocking the surrounding 
real world out of one's 

mind 

Reading to relax Pleasant platform for reading 
novels and other fiction Reading in a pleasant ambience Returning to a previously 

read part of a text 

Immersing oneself in the 
world of the story 

Reading to acquire and adopt 
new information and points of 

view 
Fast reading Entertaining reading 

Being in control of the 
reading situation Ease of comprehending a text Reading demands 

concentration Hobby-related reading 

 
 
5. Real life reading - a qualitative study 
 
In addition to the laboratory experiment, a real-life read-
ing experiment was carried out in order to get infor-
mation from everyday life situations. The study focused 
on leisure time book reading, thus newspapers were ex-
cluded. The goal was to find out the participants' res-
ponse to reading on tablets and how the reading expe-
rience using a tablet differs from reading print. The par-
ticipants were given freedom to describe the reading ex-
perience from their own perspective, not focusing only 
on, e.g., narrative engagement. 
 
Altogether eight persons (four male and four female, 
aged 30 - 46) participated in the experiment. The parti-
cipants were expected to have their own tablet device 
for reading and to possess not more than little previous 
experience with eBooks. 
 
The experiment group was instructed to read an eBook 
of own choice on a tablet during a period of approxi-
mately one week. The focus was on leisure time read-
ing, thus work-related content was not recommended. 
Non-fiction was allowed, however. Furthermore, the 
participants were instructed to use library services1 for 
providing a free eBook. The use of any other (commer-
cial) services was allowed as well. As a result, seven out 
of eight participants used library services. 
 
 
6. Results of the qualitative study 
 
6.1 Reading places and styles 
 
According to the interview results, most of the reading 
on tablet was done at home, exactly in the same places 
where the experiment participants would usually read 

                                                 
1 Recommended library service: http://www.helmet.fi/en-US 

Each experiment group participant was interviewed 
after the test period. The interview focused on follow-
ing themes: 
 

1. Background 
- general leisure time reading habits 
- attitude toward eBook reading before the test 

period 
 
2. Overall impression of the test period 

- free description of the reading experience 
- good and bad sides of reading on a tablet 

 
3. Reading situations 

- reading places, styles, time 
 
4. Content and reading on a tablet  

- suitability of the chosen content for reading on a 
tablet 

 
5. Technology 

- suitability of the tablet device for reading 
- suitability of other mobile technologies for reading 

 
6. Conclusion 

- attitude toward eBook reading after the test period 
- willingness to read eBooks in the future. 
 
 
 

 
print: in a sofa, in an armchair, in bed. The situations 
were also the same as with print; the usual time for read-
ing was in the evening, often just before going to sleep. 
Some interviewees mentioned that they also read while 
commuting and during breakfast, as they do with print 
as well. One person additionally mentioned that her 
reading was depending on the sleeping rhythm of her 
child. Generally, the tablet device did not have any ma-
jor effect on the reading place and situation. 
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However, one person mentioned that she read in a ca-
feteria, which is unusual for her. At least for her, the tab-
let had the potential to change her habits. 
 
No major differences in reading styles between print 
and eBook were mentioned. The experience of reading 
the text and the story was basically the same. Many em-
phasized that they want a certain minimum amount of 
time and a peaceful moment for leisure reading, thus 
reading, for example, in shorter periods on the move (as 
possibly expected with mobile devices) is not desired. 
 
Some experienced that reading an eBook was possibly a 
bit faster than reading print and some felt it was a bit 
slower, but no significant or definite differences were 
mentioned. In terms of narrative engagement, no signi-

ficant differences between print and eBooks were expe-
rienced. One person mentioned that the new reading si-
tuation with the new device somehow disturbed her at-
tention on the content, but she could not describe it 
more profoundly. Light reading was experienced as es-
pecially suitable for reading on a tablet. For some, clas-
sic novels were not very suitable as eBooks, since clas-
sic literature and paper are strongly associated. 
 
6.2 Tablets as devices for reading 
 
Five participants used Apple iPads and three used Sam-
sung tablets for reading. In this study, no comparison 
was made between the devices from the two manufactu-
rers. Table 5 indicates the experienced advantages and 
weaknesses of tablet reading. 

 
Table 5: Experienced advantages and weaknesses of tablets for reading. 

 
Advantages of tablet reading  Weaknesses of tablet reading  
turning the page is easy and handy brightness must be adjusted 
holding the tablet is comfortable the tablet is heavy 
adjusting the font size, brightness and column width is possible one might hit the wrong buttons accidentally 
carrying loads of books is possible the tablet is fragile 
 starting to read is slower compared to print 
 need for electricity and internet connection 

 
Adjusting the brightness, font size and column width 
was experienced as both a positive and a negative fea-
ture. It took some time understand it first but after per-
forming the adjustments, the reading experience clearly 
became better. Some felt that the eBook's column width 
helps in reading faster, and some thought that there is 
less browsing through the pages than in print, thus read-
ing might be faster. Starting and finishing the reading 
on a tablet were experienced as slower, and the screen 
saver sometimes disturbed reading (before disabling it). 
The other functions of tablet, such as access to internet 
and email, disturbed the reading experience as well, com-
pared with print reading. Generally, reading on tablet 
was experienced as functional and pleasant. The tablet 
was also unanimously considered as the most suitable de-
vice for reading eBooks, when compared to a mobile 
phone or a laptop computer. 
 
6.3 Changes in attitude 
 
The interviewees were asked about their attitude toward 
reading eBooks before and after the test period. Before 
the experiment, all the participants had either a neutral 
or slightly negative attitude toward eBooks, meaning that 
generally no one had been especially eager to read on 

them. One reason behind these attitudes was the as-
sumption that reading from a screen is not good for your 
eyes. Furthermore, reading on a tablet was considered 
as difficult for two reasons: starting to read is compli-
cated and eBooks lack the physical features of print. 
Seven out of eight interviewees reported that their at-
titude had changed after the experiment. The reading ex-
perience with tablets had been positive for all seven par-
ticipants. For one person, print was still the superior 
platform and digitalization in general was not to be prai-
sed, thus his negative attitude had not been changed du-
ring the experiment. 
 
For the majority of the experiment participants, the 
overall experience was that tablet reading was easier and 
more pleasant than they had thought before. Reading 
from a screen was not a problem and the tablet was ge-
nerally considered as a suitable device for reading. Ad-
ditionally, the access to eBooks via online library ser-
vices was easy and thus made the experience better. 
 
Finally, two persons stated that eBooks could comple-
tely replace reading of printed books. The remaining six 
persons thought that they could partly replace print in 
the future. 

 
 
7. Conclusions and discussion 
 
This study shows that the narrative engagement was 
similar on both of the reading platforms. Also, the read-
ing pace and comprehension were almost identical when 

reading a printed books and an eBook on a modern di-
gital tablet device. The results indicates that the reading 
platform does not affect how the readers comprehend 
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the narrative, how they focus their attention, how they 
experience emotional arousal or how they develop the 
sensation that they have left the actual world and entered 
into the story. One of the reasons for the identical 
results in the laboratory experiment was the controlled 
reading environment where there was no gloss or glare. 
In a more natural setting, these effects may disturb the 
reading engagement of an eBook. 
 
The only difference between the two reading platforms 
found in this study was in the mental associations that 
the readers have regarding printed and digital books. 
Printed books were associated with long, luxurious, in-
spiring and relaxing reading sessions where the reader 
feels to be in control of the reading situation. In con-
trast, the digital reading devices were associated with 
work related reading situations where information find-
ing is of importance. 
 
In the real life experiment it was found out that there 
did not exist major differences in reading styles between 
print and eBook. For the majority of the experiment par-

ticipants, the overall experience was that reading an eBook 
was easier and more pleasant than they had thought be-
fore. No significant differences in narrative engagement 
between eBooks and print were reported. eBooks could 
either partly or wholly replace print in the future. 
 
Fiction is intended to be read linearly in contrast to 
nonfiction, which may require the reader to repeatedly 
look for specific information in a text. This study did 
not investigate the effects of eBook devices on the 
readers' ability to locate and report material in a text, 
when compared to other text presentation formats. 
 
Further research should include experiments with long-
er reading times and a variety of reading settings to tru-
ly test the participants' desire to use a tablet for long 
periods of pleasure reading. 
 
Further research should also investigate conditions that 
the present study did not control. For example, the 
contrast between the text and the background was fixed 
by device constraints. 
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Abstract

 
-

-

Keywords: 

1. Introduction and background

The ongoing digital transformation is strongly affecting 
-

nies are increasingly offering different types of digital 

there is a need for understanding the user experiences 

-

-
tions or media services more generally, is an evolving 

traditional example of visual design rules having been 

psychology: based on the fundamental human visual 
perception, in their modern form they still offer a use-

and professional discipline, HCI has evolved from its 
-

formance of systems involving computers and human 

-
texts to encompass also aspects such as usefulness, 
ease of use, emotional impact and perceived value of 
interaction to the user. The concept of usability arose 

potential sources of delays and errors, to be instructed 

overall system performance and also the acceptance 
of technological solutions could be better served by 

factors better into account in the interaction design, 
-

designed for measuring perceived usability in prac-
tice, include usefulness (in reaching relevant goals) 
and ease of use as dimensions of usability or aspects 

-
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tem also often incorporated as a dimension of usabil-
ity (e.g. Lund, 2001). Other aspects of usability that are 
sometimes treated as separate sub-dimensions include 

-

certain design choices might pose to the effortless use 

and Pyla, 2012). -
stood to consist also of a number other psychological 
dimensions, such as those related to emotional impact 
and perceived value of use, in addition to strictly usa-

-

been studied from numerous perspectives, the concept 

-
ent approaches and goals of user experience research-

study, user experience can be understood as a holistic 

practical design processes.

Hassenzahl’s conceptual model of user experience 

experiences and the effect of design variables on those 
experiences. In Hassenzahl’s model the attributes of a 
product or service, as perceived by the user, are divided 

-

relate to the ability of the product or service to support 
the achievement of the user’s so-called be-goals (such 
as being competent, being stimulated, or being related 

usability of an interactive system in carrying out par-

-

and hedonic aspects of user experience in practice 

Schöbel and Trautman, 2008). It uses semantic differ-
ential scale items anchored at opposite ends by pairs 

of adjectives such as comprehensible/incomprehen-
sible and controllable/incontrollable for evaluating 

A third set of adjectives measures the overall appeal of 
-

-
ferent contexts, have been reported (Schrepp, Held and 

there are relevant perceived attributes of different lev-
els, related to a number of different underlying goals, 

for reading the publication. Presumably, the publica-
tions or services that best support the users in achiev-
ing the relevant goals are the ones that the users 
perceive as the most appealing and valuable to them-
selves, and that these are the publications that they 

one user and context to another, possibly ranging from 

and inspiration.

-
ing experiences, until the recent years there has been 
a scarcity of studies examining the concepts of these 

from the perspective of using and experiencing media 

if they can be applied in practice in order to measure 

is to identify the user experience dimensions that 

appropriate methods to measure the perceptions and 

-
-

and application areas are good candidates for tools 

-

-
edge needed to progress on the path to meeting the 
challenges discussed above. Particularly, Aranyi and 
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and analyses to create and test a model of user experi-

-

-

model discussed above (Hassenzahl, 2003 and 2010), as 

 components of 
user experience model (CUE) (

-
-

top computer in laboratory conditions, Aranyi and van 
-

positive affect experienced during interaction, per-

-

artifact characteristics of the model: perceived aesthet-
-

overall user satisfaction.

-

and a smartphone. They found that advertisements 

of them preferring more abundant and variable con-

more appealing. Mobile users further expected to be 

and to have more control over the appearance of the 
page, i.e. being able to adjust the text size and to pinch 
zoom to read text.

In contrast to laboratory experiments, Pesonen and 

and Väätäjä
-

tionnaires and user diaries for data collection. Three 

-

found in both cases, possibly as a result of increasing 

-

In contrast, Ihlström and Lundberg (2002), in their 

Friedrich et al. (2014) emphasize the practical impor-
tance of open user experience evaluation methods, 

experience dimensions, in understanding the user 

 

-

describing real-life reading experiences. For example, 

early in the morning, and even reported changing their 
daily rhythms as a result of having access to the digi-

-
-

-
pers). These results highlight the context- and user-spe-

contextual analysis in the user experience design and 
evaluation process.

-

-

Vaughan and Dillon (2006), based on their results of 
improved user comprehension, usability, and naviga-

the importance of designs that provide consistent struc-

-

and Heuvelman (2004) found no consistent differ-
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-

recognize and recall events that occurred during the 
exposure period. They suggest that by reducing and 

-
lic affairs. 

consider some general design aspects and their possible 
 

been presented that emphasized “separation of con-

media content is presented, referring to the layout and 

and positioning of all elements visible to the reader, 

the product or service, and ultimately the brand, is per-
ceived and experienced. Perceived aesthetic properties 
have been found to affect the perceptions of usability 

et al., 2010). As an interesting example of the immediate 
effects of visual aesthetics, the users have been found 
to form a consistent impression of the visual appeal 

-

sites. Beyond classical aesthetics, the visual design plays 
a central role in the user experience of media products 

-

visual hierarchy is a central concept in the design of 

online. It refers to visually emphasizing and organiz-

use the publication. A related design aspect is abun-

at the given instant, to the user. Design variables such 
-

tation of navigation in the publication, for instance, 
are assumed to be central in the process of designing 

design variables and the relevant dimensions of user 

 tune the experience 
of a user in a predictable manner by adjusting appro-
priate design variables. Since experiences are bound to 
vary from user to user, and from time and context to 
another, it is generally not seen as possible to design 
individual experiences. To emphasize this, some prac-

than “designing experiences” in the context of expe-
-

ally aims to achieve is to inform and guide the design 
process, providing information about the users and 
their experiences at different phases of the design 

-
tively improve the experiences provided by products 
or services.

the same time, as mentioned above, there is still very 

understanding of and scarcity of research approaches 

methods for communication the user experience evalu-

design perspective.

-

-
ferent design choices suited different reading styles 

Testing and integrating different user experience meas-
-

As discussed above, despite the contributions from a 
number of studies in the recent years, there is currently 

of methods available for measuring and analysing the 
user experience of media services. This study sought to 

-

approaches of measures derived from theoretical mod-
-

lysing user experiences based on open comments from 
users, thus aiming to increase the understanding of the 

appropriate measures of them.
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-
ment that compared the user experiences of the current 

-
sions: four digital versions and the printed tabloid for-

from a single publisher, the results of these experiments 
-

standing of user experiences and preferences concerning 

-
erably different digital layout versions currently offered 
in favour of aiming for a more consistent publication 
design and reading experience across digital platforms.

devices and methods used in collecting analysing the 

-
clusions in section 5.

2. Materials and Methods

2.1 Participants

Fourty persons participated in the laboratory experi-

-

years old (Figure 1). The average age among the partic-

-
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 Figure 1: Age distribution of the participants

2.2 

-

to all participants. The different publication versions 
essentially share the same content, but there are consid-

the overall design. The four digital publication versions 

2.3 Outline of the experimental sessions

After general introductions to the proceeding of the 
-
-

ground information (basic demographic information, 

personality traits of the respondent). The core part of 
-

-

-

to read particularly interesting articles in more depth 

-

-
ing glasses, re-calibrated before reading each publica-

tools are further described in section 2.4.

-
naire containing statements related to the publication 

-
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Figure 2: Publication versions used in the experiments; printed newspaper is not to scale
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-

-

-
-

ing the retrospective commenting, in order to extract 
more detailed information of the aspects of the read-

care not to inadvertently guide or bias the participant’s 
commentary by introducing aspects that did not natu-
rally catch the participant’s attention.
participant retrospectively commenting his experience 

more expressive comments and that the data are more 

-

retrospective comments for each version, the partici-

use if they could only choose one of them to use from 

 lives? Once the most preferred 

-

2.4 

the movements of both eyes of the user and in real time 
calculates and stores the gaze position in the video of 
the scene that the user sees. The scene video is also cap-

-
pants to move relatively freely, as opposed to remote eye 

still in front of the screen. For natural use of the tablet 

-
ysis stage there is initially no information beyond the 

-

Figure 3: A frame from a video recording of the retrospective commenting session, using the SMI BeGaze analysis software, where the 
participant (top left corner) comments on the iPad app version, in this case, and his experience of using it, while viewing the freshly recorded 

video which shows his view during the session, and the orange gaze cursor indicates the point of his visual focus
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manual encoding. Instead, the captured scene video, 
-

further interpretations and other points added based 

visualized, retrospectively commented, and analysed in 

2.5 

-
naire containing statements related to the publication 

-

the relevant statements from the Next Media MX 

statements from The User Engagement Scale (O’Brien, 
 

-
naire used in this study are can be seen in Table 1. The 

agree”). 

Apart from the scales mentioned above, the MX 

different aspects of user experience. Major sources and 

 

reported extensive analyses of SUS (Bangor, Kortum 

-
ity measures are described and discussed by Tullis and 
Albert (2013).

The concept of spatial presence has been much studied in 

-

of the user: media that successfully capture the attention 

-
lar. The ITC Sense of Presence Inventory (Lessiter et al., 

in designing the spatial presence (attention allocation) 

(2006).

measuring emotional responses. The valence scale con-
sists of nine graphic depictions of human faces rang-
ing from sad to happy expression and the arousal scale 
contains nine graphical characters varying from a calm 
state to a state of high visceral. Alternatively, emotions 

frustrated or enthusiastic, in the vein of the Positive 

The existing playfulness self-evaluation scales (Barnett, 

for measuring the playfulness experienced during 

media experience in some cases. Other sources include 

-

It should be noted that rather than a fully validated 
-

-

has not been fully validated. Indeed, one of the goals 

2.6 Multivariate data analysis methods

used to analyse the correlation structures of different 
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-
-

sible in an attempt to separate different user experience 
dimensions to different factors.

describe and compare the user experiences elicited by 
the different publication versions. Experience map-
ping, described for example by Mensonen et al. (2012), 

items related to different aspects of user experience) of 
multiple samples (here: different publication versions), 
and is intended for visualizing and describing the most 

experience dimensions for the given set of samples.

Dendrogram visualization of preference judgments 

the participants. Dendrograms are used in hierarchi-

research for categorization and segmentation purposes 

-

and SPSS, and on the open source statistics platform R. 

-

principal components, to depict the similarities and 

-

greater the height, the greater the difference.

3. Results

3.1 -

-
aged over all participants. Only attribute vectors cor-

in the Figure 4 for clarity and in order to give a prelim-
-

publications. The vectors pointing in the general direc-
tion of the given publication version indicate attributes 

-
lication version.

Figure 4: An Experience Map based on 92 questionnaire items visualizing the experienced differences between the publications, for results 
averaged over all participants
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Table 1: Questionnaire items 1–92 and their factor loadings, with Abbreviations used in the “Preliminary dimensions” column of the tables (assumed 
main dimensions to which the items are related, followed by possible other related dimensions): AE: Aesthetics and presentational factors; A: Spatial 

presence (Attention allocation); USE: Usefulness; B: Brand; ENT: Entertainingness; F: Familiarity; USA: Usability; PV:  Perceived value; 
Un: Unexpectedness; Ia: Interactivity; P: Playfulness; T: Trustworthiness; E: Emotions; INT: Interestingness; SP: Sensory perception

Item 
nr.

Statement Preliminary 
dimensions

Factor 
1

Factor 
2

Factor 
3

Factor 
4

Factor 
5

Factor 
6

Factor 
7 variance

AESTHETIC AND PRESENTATIONAL FACTORS

Beauty (visual appearance perceived very quickly)

1 AE 0.45 0.56 0.34 0.16 0.31
2 AE, SP 0.06 0.47 0.36 0.14 0.18 0.05 0.58
3 AE, SP 0.12 0.40 0.13 0.16 0.71
Abundance (The richness and variation of  the options offered on a page)

4 AE 0.55 0.12 0.43
5

offered a lot of  choices.
AE, Ia 0.14 0.27 0.24 0.16 0.54 0.44

Hierarchy (Journalistic and visual order of  the content by different levels of  importance)

6
structured.

AE, Ia 0.53 0.16 0.12 0.32

7
stood out.

AE 0.40 0.21 0.07 0.13 0.15 0.60

Navigation (Visual aids for user orientation in the content)

8 AE, USA, Ia 0.00 0.30 0.03 0.31

and complex.
AE 0.43 0.27

Adapted from an aesthetic scale for websites (Lavie and Tractinsky, 2004)

10 AE: classical 0.25 0.68 0.14 0.26 0.32
11 AE: classical 0.63 0.50 0.16 0.22 0.12 0.25
12 AE: classical 0.44 0.55 0.34 0.15 0.14
13 AE: classical 0.01 0.55 0.55 0.10 0.13 0.36
14 AE: classical 0.58 0.27 0.11 0.16 0.34
15 AE: expressive 0.24 0.64 0.08
16 AE: expressive 0.18 0.73 0.35 0.14 0.07 0.03 0.26
17 AE: expressive 0.24 0.35 0.28 0.23 0.32
18 AE: expressive 0.16 0.28 0.72 0.03 0.08 0.12 0.35
ENTERTAININGNESS

ENT, P, E, USE 0.23 0.27 0.28 0.57 0.05 0.27
20 ENT, P, E, USE 0.34 0.03 0.45
21 ENT, P, E, USE 0.34 0.31 0.26 0.21 0.60 0.12 0.27
USABILITY

22 USA, Ia 0.76 0.20 0.11 0.12 0.25

23
to read.

USA 0.46 0.24 0.12 0.40 0.33

24
reading.

USA 0.16 0.24 0.04 0.03 0.08 0.41

25
to use.

USA 0.25 0.06 0.27

26
the reading.

SP, USA 0.08 0.00 0.43 0.77

27
my hands.

SP, USA 0.06 0.30 0.84

28 USA 0.84 0.13 0.21 0.06 0.13 0.13 0.17

USA 0.08 0.06 0.42 0.11 0.73
30 USA 0.27 0.25 0.17 0.14 0.08 0.25 0.68
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Item 
nr.

Statement Preliminary 
dimensions

Factor 
1

Factor 
2

Factor 
3

Factor 
4

Factor 
5

Factor 
6

Factor 
7 variance

UNEXPECTEDNESS

31 The publication offered surprises. Un 0.03 0.63 0.24 0.13 0.04 0.01 0.52
32 Un 0.62 0.07
33 The publication repeated the one and the 

same thing.
Un 0.01 0.38 0.55

PLAYFULNESS

34 P 0.13 0.54 0.32 0.28 0.47
35 The publication also had a playful attitude. P 0.12 0.06 0.61 0.03 0.53
36 P 0.17 0.13 0.75 0.10 0.06 0.07 0.37
TRUSTWORTHINESS

37 The content of  this publication appeared 
reliable.

T 0.28 0.55 0.22 0.34 0.22 0.32

38 T 0.38 0.57 0.13 0.13 0.22 0.28
INTERESTINGNESS

The publication attracted and invited to 
read.

INT 0.37 0.31 0.25 0.35 0.28

40
interesting as the previous issues.

INT 0.35 0.07 0.35 0.02 0.60

SPATIAL PRESENCE (ATTENTION ALLOCATION)

41 A, INT 0.37 0.28 0.51 0.38 0.31 0.07 0.26
42

publication.
A, INT 0.10 0.12 0.11 0.82 0.07 0.00 0.28

43 I concentrated on the publication. A, INT 0.33 0.18 0.02 0.58 0.27 0.36
44 The publication captured my senses. A, INT 0.42 0.66 0.04 0.02 0.38
45 I completely immersed myself  in the 

publication.
A, INT 0.06 0.12 0.26 0.84 0.06 0.10 0.10 0.18

BRAND

46 B, V 0.30 0.60 0.14 0.24 0.30 0.26
47 I valued the publication. B, V 0.46 0.48 0.12 0.30 0.35 0.28
48

personality.
B 0.25 0.32 0.52 0.11 0.02 0.07 0.23

FAMILIARITY

This publication felt familiar. F 0.46 0.32 0.21 0.00 0.23 0.01 0.58
50 I found the publication close to me. F 0.37 0.31 0.38 0.27 0.26 0.06 0.46
EMOTIONS

51
pleasant.

E: valence 0.56 0.32 0.26 0.28 0.23 0.16 0.31

52 E: arousal 0.04 0.12 0.04 0.58
53

frustrated.
E: -v, +a 0.43 0.22

54
anxious.

E: -v, +a 0.57 0.06 0.34

55 E: -v, +a 0.01 0.58 0.02 0.38
56

bored.
E: -v, -a 0.45 0.45

57
depressed.

E: -v, -a 0.04 0.44 0.67

58
enthusiastic.

E: +v, +a 0.21 0.16 0.62 0.43 0.07 0.23 0.12

happy.
E: +v, +a 0.22 0.05 0.65 0.31 0.05 0.42

60
completely relaxed.

E: +v, -a 0.51 0.18 0.23 0.23 0.11 0.25 0.40

61 E: +v, -a 0.48 0.30 0.36 0.28 0.36 0.12
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Item 
nr.

Statement Preliminary 
dimensions

Factor 
1

Factor 
2

Factor 
3

Factor 
4

Factor 
5

Factor 
6

Factor 
7 variance

INTERACTIVITY

62 Ia 0.77 0.16 0.24 0.10 0.05 0.17 0.28
63 Ia 0.45 0.41

64
reading and using the publication.

Ia 0.77 0.18 0.13 0.04 0.17 0.26

65 Ia 0.68 0.17 0.23 0.04 0.05 0.14 0.42

OVERALL MEDIA EXPERIENCE

66 0.35 0.35 0.21 0.40 0.15

USER ENGAGEMENT SCALE ITEMS – Adapted from O’Brien (2010)

Focused attention

67 A 0.15 0.38 0.72 0.14 0.04 0.12 0.28

68
reading the publication.

A 0.01 0.07 0.12 0.86 0.08 0.04 0.24

A 0.18 0.16 0.87 0.15 0.07 0.04 0.15

70 A 0.08 0.24 0.84 0.01 0.07 0.22
71

go.
A 0.27 0.14 0.47 0.41 0.24 0.05 0.40

Perceived usability

72 USA, E 0.46 0.21
73 I found this publication confusing to use. USA, E 0.00 0.41 0.05 0.31
74 USA, E 0.47 0.31
75

publication.
USA, E 0.46

76
taxing.

USA, E 0.58 0.18

77 USA, E 0.43 0.00 0.18
Aesthetics

78 AE 0.27 0.71 0.33 0.05 0.25

publication.
AE 0.11 0.52 0.43 0.11 0.23 0.24

80 The publication appealed to my visual 
senses.

AE 0.60 0.50 0.12 0.04 0.02 0.26

81
appealing.

AE 0.30 0.64 0.41 0.11 0.01 0.23

Endurability

82 USE, PV 0.44 0.38 0.14 0.22 0.57 0.18 0.22
83 I consider my reading experience a success. USE 0.71 0.24 0.31 0.23 0.31 0.02 0.16
84

I had planned.
USA, USE 0.02 0.02 0.24 0.61

85 USE, PV 0.48 0.27 0.43 0.26 0.37 0.18 0.25
86

friends and family.
PV, USE 0.60 0.36 0.33 0.18 0.21 0.18 0.27

Novelty

87 The publication sustained my curiosity. INT 0.40 0.36 0.27 0.23 0.52 0.17 0.24
88 The publication incited my curiosity. INT 0.35 0.32 0.21 0.55 0.12 0.22

I felt interested in the publication. INT 0.38 0.45 0.30 0.18 0.37 0.31 0.25
Felt involvement

publication.
INT, A 0.37 0.34 0.37 0.38 0.27 0.05 0.32

I felt involved in reading the publication. INT, A 0.30 0.13 0.33 0.33
ENT, P, E 0.36 0.17 0.50 0.36 0.25 0.38
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In order to better examine the possible underlying user 
experience dimensions and to tentatively test the valid-
ity of the preliminary assumptions concerning the rel-

-

one multivariate observation. These observations 
 

versions × 40 participants) corresponding to observa-

items). Factor analysis and rotation of the factors using 

could fully describe the variance inherent in the varia-
bles of this rather complex data set, the factorization into 
7 factors yielded a factor structure that best separated 
the different item responses into different factors and 
provided the most intuitive interpretation of the data.

The factor loadings of this 7-factor model of the data 

emphasized by bold font and grey shading of the table 
-
-

individual factors, as indicated by the fact that for the 
most of items only a single factor loading is higher 

to the factors is relatively high indicates that there 
remains considerable variation in the responses that 
is not described by this factor structure, hinting at 

not mapped to these factors. Still, this factorization 

items lead us to a set of 21 relevant user experience 

used to measure the dimension are listed in Table 2.

-
ing experiences from the perspective of other data 
obtained from the experiments. The results are further 
discussed in section 4.

Table 2: User experience dimension and the corresponding items used to measure them, derived based on the factor structure and item correlations of 
the full questionnaire data, where the items marked with asterisks (*) are reverse-worded and these item scales were inverted when calculating the value 

for the corresponding experience dimension as the average of the given item responses.

Dimension Items

Information overload 4
Rich in content 5
Visual hierarchy 7
Navigation 8*
Classical aesthetics 10 12 14
Expressive aesthetics 15 17 18
Entertainingness 21
Usability 22 24 25* 28 62 64
Playfulness 34 35 36

37 38
Attention allocation 41 42 43 44 45
Pleasant feeling 51
Frustrated and anxious feeling 53 54 55
Enthusiastic and joyful feeling 58
Relaxed feeling 60
Focused attention 67 68 70 71
Perceived usabillity 72* 73* 74* 75* 76* 77*
Aesthetics 78 80 81
Endurability 82 83 85 86
Novelty 87 88
Felt involvement
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the mean value of ratings, averaged over all partici-

-

higher mean rating than the publication version corre-

the table, are listed. For example, publication version B 

overload” rating than B. The table provides infor-
mation on the relevance of different dimensions in 

publication versions.

3.2 Distribution of preference judgments

among the respondents. The histograms in Figure 6 
-

group of bars on the left side of the graph indicates 

preference. The highest bar corresponds to version A, 

to the four other publication versions individually, 
it should be noted that the majority of participants 

-

group of bars indicates the percentage of participants 

order of preference – i.e. the percentage of participants 

groups of bars indicate the percentage of respondents 
rd, 4th, 

or 5th, respectively, in their order of preference.

Figure 5: An Experience Map based on 21 derived relevant user experience dimensions, visualizing the experienced differences between the 
publications, for results averaged over all participants, where the dimension labels with the ( ) pre x indicate the negative direction of the 

given dimension: for example, publication version D, located in the direction of ( ) focused attention, evoked a low level of focused attention 
compared to the other publication versions
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Table 3: Statistically signi cant difference, at 95  con dence level, between the publication versions in mean values of different user 
experience dimensions, averaged over all participants. *** : p < 0.001, ** : p <0.01, * : p < 0.05

A – Printed 
newspaper

B – iPad App C – Digital edition 
(print replica)

D – Browser 
newspaper

 
news web site

A
 –

 P
ri

n
te

d
 n

ew
sp

ap
er

Navigation***, 
Usability**, 
Perceived usability**, 
Endurability*, 
Relaxed feeling*

Perceived usability***, 
Relaxed feeling**, 
Usability**, 
Endurability*

Usability***, 
Perceived usability***, 
Endurability***, 
Navigation***, 
Relaxed feeling***, 
Pleasant feeling***, 
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3.3 Clustering of participants based on preferences

among the participants, multivariate data analysis 
-

principal components of preference judgments. The 

each cluster but differed considerably from the prefer-
ences of the other cluster. Nineteen of the 40 partic-

(the one on the left side of the dendrogram), and 12 
participants formed the second cluster (the one to the 
right from the center of the dendrogram). The remain-

due to their different preferences, and did not form a 

-
-

ferred) and the preference for more conventional style 

(version C less preferred). In contrast, in cluster 2 this 
-

(version C more preferred).

3.4 

retrospective comments and the audio recordings of 
the comments from participants during the preference 

the study. Notes of the main events and comments in 

transcribed.

-

from the transcripts. The 47 attribute categories seen 

then noted by the researcher. The researcher and the 

and agreed on this coding in collaboration. Table 4 
lists the percentage of participants that associated a 

to the degree of subjectivity involved in the cod-
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Figure 6: Histograms showing the overall distribution of preference rankings of the publication versions 
among the participants of the experiment
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Figure 7: Dendrogram depicting the distances and clusters of participants based on their publication version preference judgments

A: Printed newspaper B: iPad app C: Digital edition D: Browser newsp. E: News web site
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Participant cluster 1 mean rank

Participant cluster 2 mean rank

Figure : Mean preference rankings of the ve publications versions for the participant clusters 1 (orange squares) and 2 (blue diamonds), 
where the error bars indicate the standard deviation of the rankings around the mean for each publication version in each cluster; notice that 
the ranking value decreases (preference increases) towards the top of the graph: for example, in participant cluster 1 version E (news web site) 

was the most preferred choice while in cluster 2 it was the least preferred publication version

-
cies different attributes. The main point of Table 4 is 

-
pants themselves used in describing different publica-

they considered each version more or less suitable for 
their daily used.

3.5 

-

then categorized into one or more of the reading style 
categories, collaboratively by the researcher and the 
administrator of the experiments.

-

could not be placed in any of the three reading style 
categories based on their comments, but neither did 
their comments suggest an additional reading style 
category.
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Table 4: Percentage of participants that associated the given attribute with the given publication version when they explained their preferences

Attribute Publication version All 
versionsA B C D E

Familiar 35 5 5 5 22 73
Traditional feel 3 0 14 0 0 16
Intuitive, easy to use 32 22 14 8 14

0 3 11 35 3 51
Abundance, richness of  content 0 0 0 0 8 8
Scarcity of  content 0 5 0 8 0 14
Too much information at once 0 0 0 0 14 14
Comfortable amount of  information visible at once 3 3 0 0 0 5
Unecological 8 0 0 0 0 8
Ecological 0 0 3 0 0 3
Creates trash at home 8 0 0 0 0 8
Does not create trash at home 0 3 3 0 0 5
No disturbing glare 8 0 0 0 0 8
Disturbing glare 0 3 0 0 0 3
Not tiresome for my eyes 5 0 0 0 0 5

8 0 0 0 0 8
5 0 0 0 0 5

Navigation is easy, intuitive 0 11 5 22 5 43
0 5 5 11 3 24

Moving around in the publication is effortless 5 11 22 5 0 43
Moving around in the publication is cumbersome 8 0 11 5 5 30
Attractive layout and visual appearance, beautiful 3 5 5 0 0 14
Unattractive layout and visual appearance, boring, ugly 0 3 0 11 3 16
Easy to perceive all the content that the publication has to offer 11 14 16 5 5 51

3 5 3 3 3 16
0 5 0 11 8 24
11 8 0 5 0 24
3 8 0 5 5 22
8 14 8 3 5 38
3 14 0 5 16 38
3 3 0 0 3 8

Intuitive, easy-to-grasp structure 3 38 5 14 8 68
Complex, unintuitive structure 0 3 3 0 14
For enjoyable, sensuos, relaxing reading experiences 8 0 0 0 0 8
Feels good in my hands 11 0 0 0 0 11
Comments, discussions, sharing, searching, and other extra functionalities 0 0 0 0 14 14
No comments, discussions, or sharing options 0 0 3 0 0 3
Possibility to zoom in 0 0 3 0 0 3
Comfortable to read articles 5 3 0 8 0 16
Unpleasant to read articles 0 3 8 5 3

0 0 0 0 27 27
Not perceived as a daily publication 0 0 0 0 24 24

5 3 0 0 3 11
0 0 11 3 5

Advertisements are a pleasant part of  the publication, not distracting 3 0 8 0 3 14
Pleasant size 11 0 0 0 0 11

0 0 0 0 3 3
Chance to come across interesting articles and topics unexpectedly, serendipitiously 3 0 0 0 3 5



J.S. LAINE, T. LEPPÄNEN  –   J. PRINT MEDIA TECHNOL. RES. 5(2016)2, 107–131 125

publication, seeing all that it has to offer and stopping 
to focus more on articles that they consider to be impor-

-
thing else. (3) Finding latest, interesting, or entertaining 

-

3.6 

-
-

3.6.1 

participants considered easier to handle in many read-
ing situations than the previous broadsheet version, 

-

participants. Enjoyable reading experience overall, as 

-

place in their current daily routines. Considering the 
gaze paths, and the allocation of attention to different 
elements of the publication, many participants found 

-
ant for them: they could easily pay closer attention to 
advertisements if they spotted something interesting 
(or decide not to do so) but they did not feel that this 

many participants commented to be distracting to their 
reading experience.

3.6.2 Version B: iPad app

via the bar available from the bottom corner to be intu-
itive to use. This native app also felt more responsive 

-
itive navigation, freedom from severe usability prob-
lems, and the pleasing visual appearance, the iPad app 

-
-

ferred version).

3.6.3 Version C: Digital edition (print replica)

Some participants thought that pleasant layout of the 
print version transferred rather nicely to the digital 
device in this digital edition that replicated the pages 

included the immediate familiarity to those used to 

-
-

-
tal versions). Some participants used this miniaturized 

-
ping to go to individual pages if they spotted something 
that appeared interesting. On the other hand, some 
participants did not see the point of reading a replica 
of the printed pages on a digital device (especially on a 

particularly problematic on this version for those par-

(in order to read paragraphs) and dragging (to scroll the 

3.6.4 

Preferred by some for the ability to use it across dif-

provide a very good user experience. The navigation 

headers separately on the right side of the front page, 
most participants found the fact that the dragging on 
the front page only affected a part of the page to be 

disadvantage by many participants. Many participants 

in. The user experience also suffered from occasional 
delays in responses to user actions (problems in net-
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3.6.5 

-

site, and in this aspect essentially different from the 
other versions. It also divided the opinions the most 

in the opinions regarding this version. Many partic-

-

for some readers.

4. Discussion

Factor analysis and experience map visualizations based 
-

tionnaire responses provided information on relevant 
experience dimensions and appropriate items for meas-

versions. Particularly, dimensions such as perceived 
usability, classical aesthetics, expressive aesthetics, and 

-

Based on the results it also appears to be possible to 
meaningfully measure and compare aspects such per-

-
ness or interestingness of different publication designs, 

-

perceived playfulness of the publication. Further, the 
data suggested that it could be possible to meaning-
fully measure the design concepts of visual hierarchy 

mentioned dimensions, it should be noted that the 
experiment and analysis carried out in this study does 

dimensions and items. Rather, these results should be 
understood as a preliminary exploration into feasibil-
ity of meaningfully measuring these rather complex 

is interesting to note that it appears to be possible to 
meaningfully measure and also relate to one another 
various aspects of user experience, from aesthetics and 
usability to emotional responses and perceptions such 

-

the content, despite the content intent itself remaining 
essentially the same. The attributes associated by the 

-

reading experiences.

The reliability and validity of different parts of the 
-

tor structure of Table 1. The fact that items supposed 
to measure a single construct are loaded strongly on 
the same factor suggest their reliability as a measure 
of that construct, as is the case for items 72–77, con-
stituting a measure of perceived usefulness, for exam-
ple. Divergent validity of this measure is suggested by 
the fact that it is loaded onto different factor than the 
items meant to measure distinct constructs such as 
Focused Attention (items loaded mostly on factor 4) 
and Aesthetics (items loaded mostly on factor 2). It 
should be noted that not all dimensions are assumed 
to be consistent psychological constructs. Items 22–30, 
for example, are related to different aspects of usabil-

different aspects, rather than a single psychological 
construct. The fact that different constructs or indica-

to mean that they fundamentally measure the same 

-
ful and enthusiastic emotional responses, all of them 

too much information at one glance (item 4, loaded 
onto factor 5) seems to be a possible cause of anxious 
and tense feelings (items 54 and 55, also loaded sig-

-

versions, suggesting the relevance of these measures in 
-

ferent designs.

from the comments of participants cover the principal 
motivations among all the participants of the experi-
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styles of reading, assuming it is at hand in the given 
context. The accumulated learnings from the design 

-

-
isfy different reading styles generally. A given digital 
version may be suitable for a certain style of reading 
but not for another one, depending on its layout and 

-

reading experience it provided, not explained by the 

The results indicated that none of the digital versions 

-
sions struggled to various degrees in comparison to 

intuitive feel for all the content that is available in the 

-
-

versions the layout choices, including the implemen-
-

place in the publication that they had previously vis-

to the front page of the publication. Indeed, these 

the participants. In both groups the reading experi-

rather highly, the difference being in their attitudes 
-

-

-
sions. A common example that came up in the exper-

to smoothly direct one’s attention to interesting parts, 
-

tisements but not paying much attention unless they 
appeared interesting. In some digital versions par-

-

include pop-up advertisements as such, but the effect 
-

not provide clear-cut general design rules for directing 

-
ence provided by the publication.

Beyond the observations on the reading experiences 
and styles, the experiments served as a test of com-
bining and integrating different approaches to eval-
uating the user experience of media products and 

a very useful approach for extracting valuable infor-
mation for interpreting the other results. During the 

a video recording of their reading session, augmented 

most persons to retrospectively and introspectively 
-

ence, and also to relate it to their reading style more 
generally.

The gaze path data revealed the focal points and tran-
sition paths of attention, the retrospective comment-

to explain results of the multivariate analysis of the 
-
-

sions and the comments to justify those judgments 
-

helped to paint a more complete picture of the user 
experiences of the tested publication versions.
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5. Conclusions

order to compare and investigate different aspects of 

choices relate to different dimensions of user expe-

styles of reading.

included in the experiment necessarily bounded the 
user experiences that could be expected to arise in this 

experiences, habits, and preferences also more gener-
ally, beyond the usability details related to idiosyncra-

results through integration and comparison of results 
obtained by different methods, and to test and develop 
the user experience measurement and analysis methods 
themselves. A central aspect of useful user experience 

understanding of the relevant and measurable dimen-

and to capture the eye movements of each participant 

the video recording of his or her reading sessions, 

-

-

thoughts, and feelings throughout the reading sessions. 
Based on the videos and commentaries, summaries of 

other points added based on the retrospective com-
mentary. After each reading session each participant 

appropriate for measuring certain relevant dimensions 

-

reading style.

-

be a useful tool in measuring media experience. The 

the recent years, provide useful information for future 
considerations and validation efforts for media expe-

such measures in different phases of iterative design 
processes.

-

-
ported the interpretation of results, helping to see 

the differences seen in the multivariate analysis and 

explain the preferences among the participants. 42.5 % 

-
vidual publication versions and the reading experience 

it should be noted that the majority of participants 
(57.5 %) still preferred one of the digital versions if 
they had to choose only one publication version for 

for it in their daily routines, thus preferring one of the 
digital versions.

-
-
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in the form of continuous streams as often found on 
-
-

ing the printed paper.
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2.1 Data collection with the 2-dimensional semantic differential scale: 

description of the data collection method and its development 



Figure 1. First implementation of the 2-dimensional graphical rating scale, with the same basic concept 
as in the rating scale presented in Figures 2 – 4, but with a different visual design and somewhat different 

interaction mechanics. 



Table 1. Feedback from the participants of the study that tested the first implementation of the 2-
dimensional graphical rating scale. The comments were classified as positive or negative based on 
adjectives used to describe the design of the survey or the subjective experience of responding to the 
survey. 



Figure 2. Start of the assessment session. Graphical tokens of the samples to be assessed appear on a 
stack in the middle of the window in random order. 



Figure 3. Assessment of the samples on the first attribute scale. 



modern old-fashioned

Figure 4. Assessment of the samples on the second attribute scale. 



2.2 Data collection with a conventional 1D rating scale 



Figure 5. Screen grab of the attribute assessment implemented as a conventional text-based 
questionnaire. 

2.3 Multivariate data analysis with the experience mapping approach 

3 Experiment 



Table 2. The 16 attributes in terms of which the samples were assessed in the survey. 

4.1 Respondents 



Figure 6. Age distributions of the respondents that used the conventional 1-dimensional rating scale 
(light grey bars) and those that used the graphical 2-dimensional rating scale (dark grey bars). 

4.2 Drop-out rate 

4.2 Evaluation task completion times 



Figure 7. Distributions of evaluation task completion times for the respondents that used the conventional 
1-dimensional rating scale (light grey bars) and those that used the graphical 2-dimensional rating scale 

(dark grey bars).  

Figure 8. Boxplot of statistical indices describing the distributions of evaluation task completion times for 
the two groups of respondents.  



4.2 Comments from the respondents concerning the data collection methods 

Table 3. Percentage of open comments from the respondents that were classified into each category, for 
the two groups of respondents that used either the new 2-dimensional graphical rating scale or a 
conventional 1-dimensional rating scale. 



4.3 Data quality 



Figure 9. Univariate attribute scale values based on the average ratings made with the 2-dimensional 
rating scale, plotted as the function of corresponding scale values based on the average ratings made 

with the 1-dimensional rating scale, for four of the univariate attribute scales. 



Figure 10. An experience map visualizing the similarities and differences between studied concepts in 
terms of the attributes chosen for assessment. 





Figure 11. A dendrogram grouping the respondents based on the similarities and differences in their 
responses. 



Figure 12. Mahalanobis distances of the respondents in the two groups plotted against their evaluation 
task completion times.  
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