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Abstract
The thesis addresses two related problems. Drawing on several theoretical strands, it is argued 
that the materiality of physical artifacts serves the purpose of expressing abstract information. 
In contrast, the intangible materiality of information technology artifacts is of such a kind 
that it poses different, sometimes limited, conditions for expressing abstract information.
The background problem of the thesis concerns conditions and possibilities of designing infor-
mation visualization artifacts that retain the experiential qualities typically associated with 
physical artifacts.
	 By way of addressing the background problem, massification design is introduced as a design 
ideal that explicitly aims towards a design of information visualization artifacts that cater to 
the need of intersubjective understanding of abstract and intangible information, mediated 
through concrete user interface representations. The ideal of massification design is further ar-
ticulated as a kind of design where the designed artifact as such bears witness of its own mean-
ing. This ideal is put in contrast to design that depends on arbitrary, interpretative conven-
tions for people's understanding of visualization artifacts. 
	 It is argued that visualization design striving towards this ideal should be theoretically in-
formed. In this context, an argumentation is presented that suggest that the notion of artifacts 
as embodiment of theory is problematic and that the notion of artifacts as expression of theory is 
a more feasible stance. 
	 The main problem of the thesis concerns to what extent the theory of embodied realism can 
serve as an informing theory for realization of massification design. In order to investigate em-
bodied realism as a candidate for informing massification design, two design projects are presen-
ted. The first aims at expressing abstract information of web page collections. A prototypical 
virtual reality interface was designed and informed by embodied realism, followed by an eval-
uation with respect to the prototype's theory expression. The second aims at expressing tempo-
ral data through two different kinds of theory informed design that also were evaluated.
	 Based on the design projects and the evaluations, it is suggested that an embodied realist 
foundation for massification design has the capacity to structure the design process by means of 
constraining and suggesting form for expressions of abstract information. It is suggested that 
embodied realism may also inform design in such a way that it affects the experience of using 
the artifacts. The evaluations also suggest that design that draws on embodied meaning may 
come in conflict with expected and conventional ways of expressing abstract information.
	 In order to further investigate a theoretical foundation for massification design it is sugges-
ted that there is a need to investigate theoretical outsets that also stays sensitive to entrenched, 
conventional expressions. Additionally, by way of reflecting on the general outlook permeat-
ing the thesis, it is suggested that massification design can be understood as striving towards 
authentic experiences of IT.
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PART I

INFORMATION TECHNOLOGY,
MATERIALITY AND MEANING
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EXPLORING EMBODIMENT AND INFORMATION

VISUALIZATION

1.1 Introduction

This thesis is an exploration of some design issues that emerge from what
seems to be typical ways of conducting computerization and virtualization.
These ways tend to neglect what can be referred to as a dual nature of arti-
facts. The duality concerns different aspects of meaning. An artifact may
be considered to have a meaning primarily related to its function, intended
or otherwise. This meaning is typically realized through organization of
matter into form by means of design. However, the concrete realization of
functional meaning often carries with it some circumstantial consequences
that influence the use and interpretation of the artifact. So, in addition to
meaning related to function, artifacts are associated with meaning related
to aspects of form, such as choice of materials, weight and texture.

Computerization and data processing gains its power by means of ab-
straction and manipulation of symbols, rather than manipulation of arti-
facts. As I argue in this thesis, this abstraction typically highlights what I
refer to as functional meaning and downplays the meaning I describe as
related to aspects of form.

If we accept the premise that the latter form of meaning is important
in the use of artifacts, it seems plausible that computerization may bring
about contexts of use deprived of some of the richness associated with
the use of material artifacts. The thesis will be devoted to a presentation
of a more nuanced and elaborate version of the above line of argument.
This elaboration serves as a backdrop and motivation for an investigation
of a theoretical underpinning for a design approach. This approach aims
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ultimately at catering to the kind of meaning and experience associated
with material qualities of artifacts.

In Christopher Alexander’s book Notes on the Synthesis of Form the
opening paragraph reads:

These notes are about the process of design; the process of invent-
ing physical things which display new physical order, organization,
form, in response to function. (Alexander, 1979, p. 1)

My undertaking—as reported in this thesis—is different from that of
Alexander’s. The problem I am concerned with arises when computeriza-
tion and virtualization tend to shift the foundation for human experience
from material and experiential to immaterial and symbolic. As far as I suc-
ceed in following my intention, this is the theme that this book will dwell
on.

There are different ways of approaching an investigation of this kind
of problem. One way of approaching is to focus on the role of the so-
cial construction of meaning. Such an approach would emphasize aspects
of meaning that are particular to specific use contexts and related to inter-
pretative conventions established through social practice and negotiation
over time. Indeed, the situated and socially governed character of IT use
and design is perhaps the one of the most prominent themes in recent
informatics research.

To focus of the social construction of meaning can be said to imply
a focus on the variants of IT use as it pertains to meaningful experiences.
Another way of approaching an investigation of this kind is to focus on
aspects that seem to be invariant throughout different contexts and at the
same time relevant to the sensemaking of user interface experiences. This
is what I do in this thesis. The investigation seeks to explore a candidate
foundation that can inform design of concrete representation of abstract
information. More specifically I investigate embodied realism, a theory
that maintains that meaning partly emerges from basic bodily experiences.
Hence, the invariance I am exploring in the thesis is the human body.

The two approaches outlined above do not necessarily constitute a
positioning concerning whether meaning is a purely social, cultural and
variant phenomenon or a distinctly universal and invariant phenomenon.
Rather, I take these approaches to reflect the complexity associated with
the concept of meaning.
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So, why use the quotation from Alexander? To me, it serves as a point
of reference in relation to which I can define my own responsibilities, as it
pertains to this thesis. By means of pastiche my endeavor can be formu-
lated in the following way:

These notes are about the process of design; the process of design-
ing conditions for meaningful experiences of information technol-
ogy, which retain conceptual order, organization, form, in harmony
with embodied structures of meaning.

As shown, there are both similarities and dissimilarities in the way I
think of these “notes” compared to the way Alexander presents his. First,
this thesis is about design processes in as much as it is concerned with
questions concerning how to design information technology in order to
mitigate a potential problem of use.

Whereas Alexander is concerned with design of physical things, my
emphasis is on design of virtual ones. The notion of a virtual thing or
virtual artifact can be defined in different ways. For now and for present
context, suffice it to say that a virtual artifact refers to artifacts that gain
their experiential character through composition of perceptual and interac-
tional qualities alone, not through composition of material ones. Because
of the thesis’ orientation towards design, there is a streak of innovation and
‘generativeness’ in the suggested approach, but there is also what may be
considered as a conservative element.

In my pastiche of Alexander’s quotation, I express that the kind of
design I am addressing and investigating aims at retaining conceptual or-
der. By this I want to suggest that—as sensemaking and rational beings—
users of information technology and virtual artifacts do not—somehow
magically—make sense of their experiences in a fundamentally different
way than they do of experiences in non-virtual domains. To retain con-
ceptual order is—in the sense used throughout this thesis—to preserve the
possibilities for attributing meaning to experiences of virtual domains by
means of deeply rooted, human mechanisms. Largely, an assumption of
this thesis is that this preservation can be addressed as a design issue.

The latter part of the pastiche suggests that this conservative aspect of
information technology design is to be achieved by means of organization
into form that harmonizes with embodied structures of meaning. That
which is being organized is those sensory-motor aspects of information



12

technology that make interaction possible. Embodied structures of mean-
ing connect to the theoretical foundation of this thesis. This foundation
emphasizes the role of concrete, bodily interactions in the understanding
of abstract phenomena. The approach to information visualization design
that I am investigating in this thesis is about how interactional elements
can be organized to resonate—or harmonize—with such embodied struc-
tures of meaning.

1.2 Articulation of problem and purposes

The subject of this thesis—the problems that it addresses—can be con-
ceived of as consisting of a main problem and a background problem that
motivates and gives good reason for the main problem.

Background problem

As already suggested in the introduction, the background problem of this
thesis is related to the materiality of information technology as it pertains
to meaningful experience of information. Material artifacts and environ-
ments that serve as means of expression of information (e.g. books, folders,
displays, offices), seem to be more than just vehicles, neutral to what they
carry. Rather, it seems as if the material characteristics of information ve-
hicles influence the conditions for the meaning that can be attributed to
the information in question.

Information technology artifacts are of a different kind of materiality
than their physical counterparts. By way of example, to read a physical,
traditional book is experientially different from reading the same text pre-
sented on a computer display. There are many differences and some of
them are increasingly cancelled out by technical improvement (e.g. finer
pitch, anti-aliased glyphs, etc). However, there are also differences that
seem to be more fundamental and not necessarily mitigated by technical
improvement. The book has qualities such as weight and texture. It speaks
of its history through the markings of wear and tear. These qualities are
made possible through the material characteristics of the book. Moreover,
these qualities are authentic. They are necessary outcomes of the book’s
materiality and the way the book is used and—most importantly—these
qualities influence the overall experience of the book.

To continue with the example, an on-screen representation of the very
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same text is typically realized by means of abstraction. The text, perhaps a
large part of the typography is preserved. However, some of the material
qualities are lost in the abstraction. To speak in the vocabulary of Mar-
shall McLuhan (1964), the computerized text can be seen as an extension,
through added value in the form of searchability and distributability of the
text. However, the extension is also associated with an amputation in the
form of deprivation of material qualities and, thus, an amputation of the
conditions for making sense of information.

This kind of deprivation leads to a more succinct formulation of what
I consider to be the background problem of the thesis:

• What are the conditions and possibilities of designing information
visualization artifacts that retain or otherwise express the kind of in-
formation associated with the material characteristics of information
objects?

Main problem

My way of addressing the background problem can be seen as an ambi-
tion of delineating and framing a problem. What I call the main problem
can be seen as an ambition to address the background problem. Largely,
this problem is concerned with an investigation of how a particular theory,
embodied realism, can inform the design of information visualization ar-
tifacts. As such, the main problem also touches on the more general issue
if artifacts can embody theories at all. The main problem is formulated in
the following way:

• In what way can embodied realism serve as a theoretical foundation
for design of information visualization artifacts?

The notions of background and main problems could incorrectly give the
impression that one is more important than the other. In terms of commit-
ment, my main commitment is to the background problem rather than the
theory that I investigate as a means to mitigate the background problem.
I find embodied realism a promising candidate to a theoretical foundation
for a design approach to that end. That is why I choose to investigate this
particular theory.

The theory did not appear just of the blue. My first encounter with
embodied realism was while I was studying theoretical philosophy for three
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terms at the department of philosophy and linguistics at Umeå University.
At the time, it struck me as odd the way texts in informatics and human-
computer interaction referred to Metaphors we live by, a book by Lakoff
and Johnson (1980). My appreciation of Lakoff and Johnson was mostly
concerned with the non-ornamental and unconscious role of metaphorical
projection in human sensemaking, which is a defining character of the their
work. The texts I read on metaphors and user interfaces seemed to refer to
Lakoff and Johnson in support of what can be described as an ornamental,
pedagogical utilization of metaphors in user interfaces, which was at odds
with the way I had come to understand Lakoff and Johnson.

During my first PhD course, given by John Waterworth and Victor
Kaptelinin, I had the opportunity to make a first attempt at expressing my
views on what the role this particular theory could be in the context of
information visualization (Lund, 1997). This can be seen as my starting
point for the work presented in this thesis.

With that description, my choice of embodied realism is a product of
happenstance and personal history. This does not make it a less interesting
candidate. However, I do not a priori assume that it is the only or the best
candidate theory to investigate.

Purpose: Immediate, situational and classical concerns

At a keynote address (Keen, 1998) at the ECIS conference, researcher and
consultant Peter Keen suggested that research problems within the field
of information systems could be classified as being of an immediate, situa-
tional or classical concern. With the risk of not capturing Keen’s original
intent, these three concerns seem apt at also describing different aspects of
any research problem with respect to its purpose.

Of immediate concern are research issues that call for a swift solu-
tion in order to avoid immediate and unwanted consequences. Report-
edly, Keen mentioned the Y2K problem as an issue of immediate concern.
It is—or rather was—important to address this issue to avoid devastating
consequences for society on a global scale, that we all know about by now.
Is the problem that I address in this thesis of such an immediate concern?
It is not nearly as immediate in terms of the consequential magnitude,
compared to the Y2K problem. However, the problems I address in this
thesis are fundamentally related to and motivated by people’s need for in-
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telligible experiences of their everyday life. The diffusion of information
technology and global information infrastructures, such as the Internet, is
associated with an increase of the computer-mediated part of people’s ev-
eryday experiences. This is happening now and it is an immediate concern
that this thesis ultimately addresses.

The problem can also be understood on a different time scale. To speak
with Keen, it may be understood to be of a situational concern. Problems
of situational concern can, according to my understanding of Keen, arise
from shifts in technology that actualizes new use and application areas. I
consider my research concern as primarily of a situational kind.

It is a problem that emerges from the shift from material representa-
tions of information towards computerized, symbolic representations. As I
have outlined in the introduction to this thesis, this shift is also associated
with a shift concerning the conditions for making sense of information
in ways that are not necessarily desirable. Put differently, these changes
occur as a result of changes in technology and the way it is designed and
used. Thus, I find it of situational concern to address these shifts as a
problem that can be mitigated given a proper understanding of alterna-
tive approaches to design of information visualization artifacts, but also of
information technology in general. To that end, I will investigate the vi-
ability of embodied realism to serve as an underlying theory for such an
alternative design approach that can contribute to meaningful experiences
of information visualization artifacts.

This purpose must not be confused with a mere draping of data into
flamboyant form in order to cater for vivid information technology expe-
riences. This thesis is all about the ambition of arriving at foundational
ways of representing information that are meaningful to people. That is
my ultimate purpose and the thesis is a step towards attaining that goal.

Given this purpose, the thesis may be understood as kindred in spirit
with the recent trends of initiatives with names like universal design, uni-
versal usability, inclusive design and design for all (see for instance, Shneider-
man, 2000; Vanderheiden, 2000). What these initiatives have in common
is that they acknowledge the increasing diversity among potential users of
information technology and that this diversity calls for new ways of design-
ing IT. This is also a situational concern, something brought about by the
diffusion of information technology into new user groups and application
domains.
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The work I present in this thesis is quite different in detail from most
work associated with universal usability and design. Also, my work is
specifically about the issue concerning how to design meaningful repre-
sentations of abstract information. Universal design and its siblings make
a more general commitment. However, in essence it is quite similar in that
it addresses the issue to accommodate—not the idiosyncrasies of a single,
well-known user group—but a potentially unknown gamut of users. In
that respect, the work presented in this thesis aims in the direction of the
universal, understood as an ideal, rather than in the direction of that which
is particular to specific use contexts.

Why is it important to have this ambition? From a research point of
view it is important because it is a way of contributing theoretically to
a general understanding concerning how conditions for meaningful user
interface experiences can be better designed. To me this is a crucial aspect
of academic research.

Ultimately, it is important for the same reasons as good architecture,
good typography and good urban planning are important for quality of life
in general. Like information technology design, these examples are exam-
ples of kinds of design that shape the conditions for individual and social
experiences. As is the case with the built environment and typographical
artifacts, information technology increasingly constitutes the conditions
for lived experience. As such, it deserves attention that may contribute to
good design.

There are also classical concerns. These are concerns that ceaselessly
continue to be important and that defy once and for all solutions. The
problems addressed in this thesis are partly of this kind. The thesis is
fundamentally about meaning and experience and resonates with classical
concerns: What is it for something to mean something? How is inter-
subjective experience possible? In what way does the mind relate to the
body?

It is not my purpose to pursue these classical concerns as such, but
they are inevitably aspects of the study. In a different context, Whitaker
expressed the following that aptly describes my position concerning the
relation between what I contribute with and the theory I investigate that
more directly address these classical concerns:

This study is intended to move one step beyond the cited prece-
dents by demonstrating their concerns can be met and their orien-
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tations pursued through consistent reference to one coherent body
of work. (Whitaker, 1992, p. 7n)

This is quite close to how I think about my relation to embodied realism.
I do not work from within that theory. I am an informatician, addressing
informatics problems that are quite distinct from problems addressed by
embodied realism. However, to address problems pertaining to informatics
often requires excursions to other fields of study, in my case embodied
realism. The reason for doing such an excursion is to bring back something
to informatics and make use of it in ways not necessarily intended by the
originators of the theory in question.

1.3 Structure of the thesis

The thesis is divided into three related, yet distinct conceptual parts. These
parts are described in this section in order to provide a picture of the overall
structure of the thesis.

Part 1: information technology, materiality and meaning

The first part encompasses the first four chapters of the thesis. Taken to-
gether these chapters present a discussion on information technology, ma-
teriality and meaning. As such, this part is meant to elaborate on what I
have described as the background problem of the thesis.

In the second chapter, it is argued based on several theoretical strands
that computerization often involves a loss or deprivation of physical con-
text where processes, activities and artifacts used to be embedded. This
deprivation has some non-obvious implications of relevance for social and
individual sensemaking that pose important and interesting challenges to
informatics and related research disciplines. The chapter presents a dis-
cussion of such implications and what they may entail in terms of future
research efforts.

Above all, it is suggested that one strand of research motivated by com-
puterization and deprivation of physical context is a kind of information
visualization that aims at reclaiming the physical and perceptual richness
of human activities in order to cater for meaningful experiences. To that
end, a design ideal called massification design is introduced.

The third chapter investigates the role of theory in information visu-
alization research. To what extent does information visualization research
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aim at generating, depending on or otherwise use theory? I find these
questions important to ask considering that my contribution in this thesis
is largely oriented towards a theoretically founded design framework. The
discussion about definitions and previous work is thus a way of mapping
the academic territory in order to position the work presented in the thesis
in relation to previous work.

Based on the investigation of information visualization and theory it is
suggested that there is a need for theory with the capacity to inform design
of visualization artifacts in order to not depend entirely on conventional
signification but rather on natural signification. This distinction between
kinds of signification is discussed by Handa (1999) in the context of ar-
chitectural design, but seems just as relevant in the context of visualization
design. However, the notion of natural signification is abandoned later in
the thesis in favor of embodied meaning. The chapter ends with a proposed
model that—in the vocabulary of the thesis—suggests that computeriza-
tion involves demassification and a possibility to mobilize artifacts. How-
ever, the mobility concerning artifacts does not necessarily concern the
meaning of artifacts. It seems plausible from my interpretation of Handa
that visualization artifacts designed from the stance of conventional signi-
fication is at risk ending up in a situation where artifacts are detached from
the conditions governing interpretations of the artifact.

In the fourth chapter—and the last of the first part of the thesis—I
discuss dominating theoretical roots of human-computer interaction and
information visualization in relation to the notion of non-conventional sig-
nification from the previous chapter. It is suggested that these roots stem
from views such as the ones expressed by Newell and Simon (1976). It
is discussed how this cognitivist view surfaces in human-computer inter-
action in various methods, techniques related to HCI. To a great extent,
information visualization research seems to be permeated by the cognitivist
legacy in such a way that it emphasizes the information processing aspect
of individuals and users. Another aspect—downplayed by the cognitivist
approach to HCI and information visualization—is the experiential aspect
of using information technology. The experiential aspect refers to the felt,
possibly inter-subjective, meaning of human-computer experiences. It is
argued that the experiential aspect is of central concern with respect to
the notion of non-conventional signification of information visualization
artifacts.
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Part 2: Embodied realism and design

The first part of the thesis can be described as being mostly concerned with
what I have defined as the background problem of the thesis. Associated
to that problem is what I have described as the main problem, that is, the
question concerning if embodied realism can serve as a viable theoretical
foundation for massification design. The second part of the thesis is de-
voted to this question.

This part starts with chapter 5 by describing the main gist of embodied
realism: what kind of theory is this and what is the general idea? The
chapter is meant to be quite descriptive without discussions from a design
point of view.

In chapter 6, my aim is to discuss and convey an idea of how em-
bodied realism can inform design of information visualization artifacts.
The discussion makes use of examples that illustrate—based on embod-
ied realism—how abstract information qualities can be designed and rep-
resented concretely at the user interface in ways that appear to be non-
arbitrary. The chapter also reports on related research and alternative ap-
proaches.

Theory driven design—like the kind I investigate—emphasizes two
interrelated issues: can artifacts embody theory and can manifestations of
theory in artifacts be assessed? These issues are relevant for the specific
approach that I investigate, but also for theory driven design in general.
These issues are discussed in chapter 7, initially from a general point of
view, but also in relation to the particularities raised by embodied realism.

Although chapter 6 draws on design examples, chapter 8 can be de-
scribed as the first of two chapters that more thoroughly brings embod-
ied realism to the designer’s workbench. Chapter 8 concentrates on de-
sign of information spaces and presents the design and implementation of
personal information space called SchemaSpace that visualizes hierarchical
collections of web pages. The design of SchemaSpace is meant to be exten-
sively informed by the embodied realism theory. In order to assess to what
extent the experience of using SchemaSpace is influenced by the embod-
ied realist design, the result of a comparative evaluation is presented. The
comparison is made with a prototype that was devised to reflect a common
way of presenting hierarchical collections of web pages.

Chapter 9 is similar to chapter 8 in terms of structure, but in terms
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of content it concentrates on visualization of time and events. Two proto-
types are presented that each is meant to manifest two distinctly different
time understanding, again drawing on embodied realism. Also, it is argued
that each of these prototypes can be seen as expressions of two alternative
conceptions of information technology. The result of a comparative eval-
uation is presented and discussed with respect to the design intentions.

Part 3: Reflections and conclusions

The last part consists of one chapter, chapter 10. As the part title suggests,
the aim is to discuss and reflect on the thesis in relation to the background
and the main problem.
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DEMASSIFICATION OF CONTEXT

2.1 Introduction

In Playtime, a Jacques Tati movie from 1967, a man is expressing his anger
by violently slamming a door shut. This particular door, however, has the
strange property of being completely silent. Regardless of how hard it is
closed, it remains silent. This seems to render the man’s action largely
meaningless, almost pathetic. The door is closed properly, but concerning
expression of anger, nothing has been achieved. Put differently and some-
what dryly, the door’s unexpected material properties (not giving away
sound) have altered the conditions for expressing and experiencing anger.

This chapter is neither about doors, nor anger. Still, at a more abstract
level the example is quite to the point in relation to this chapter. The ex-
ample serves the purpose of illustrating how people may draw on material
characteristics of objects to express or ascribe meaning—other than a strict
functional meaning—to an artifact or the use of one. This is what this
chapter is about.

More specifically, by means of drawing on several theoretical strands,
the chapter aims at presenting a number of examples that together make
a case for the importance of material aspects of artifacts with respect to
contextual cues that guide and informs interpretation of artifacts.

This is important because what can be referred to as computerization,
virtualization or digital transformation involves a transformation of mate-
rial aspects of artifacts and, thus, conditions for expressing and ascribing
meaning to information technology artifacts.

21
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2.2 Arguments for material aspects of context

Demassification of context

Digital transformation brings about many changes in terms of new kinds of
applications and services that would be unthinkable without information
technology. But perhaps the most interesting aspect of digital transforma-
tion is how the conditions for meaningful experiences of professional and
everyday life change.

Brown and Duguid (1994) presents an account of how the social con-
text that governs interpretation and use of artifacts is affected as a result of
new media and information technology. Their account suggests that con-
text is, in the case of material artifacts, partly conveyed through qualities
inherent in the materiality of artifacts. What information technology does
is that it introduces new material conditions for the design of artifacts,
and at the same time introduces new contextual conditions that affects the
possibilities of arriving at shared, interpretative conventions concerning
the meaning of artifacts.

Brown and Duguid’s notion of context is described in terms of radial
structure where center, periphery and border become important concepts
(see figure 2.1). At the very center of this structure we find the designed ar-
tifact with its core features. To use the vocabulary of Brown and Duguid,
these are the features that constitute the “canonical” artifact, that is, the
features that are crucial to the integrity and identity of the artifact. In
the example of the door from the introduction of this chapter, core fea-
tures could for instance be the features that make it possible to temporarily
isolate one space from another, visually, sonically or socially. These are
features that tentatively make a door a door. One of Brown and Duguid’s
points is that even though these features are at the very center they are
not the only features of the artifact that determine the practical use of the
artifact.

Other features may very well be features of the door, such as its color,
its kind of knob, and other features that can be changed without depriving
the door of its doorness. These features constitute the periphery of the
artifact.

It may be argued that the feature of emanating sound is not a defining
character of a door. Still, the act of slamming a door shut with a loud noise
is an act that in some contexts has a social meaning in the form of expressed
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Figure 2.1: Context as a radial structure

anger. To remove the sound emanating feature is also to deprive the door
of its social use as an artifact that can serve the purpose of expressing and
experiencing anger. In terms of Brown and Duguid, the sound-emanating
feature would be considered as a border resource, an aspect of the artifact
that provides contextual cues to the use of the door.

There is however, according to Brown and Duguid, not a clear cut
answer to the question of which features of the artifact are to be considered
as central and which features are to be considered as peripheral, but still
the issue has to be settled:

Wherever a line is drawn, some users may claim important features
have been left out, and others may claim that peripheral features
have been brought in. Designers, nonetheless, have to draw lines.
(Brown and Duguid, 1994, p. 8)

These difficulties of demarcation imply that there is not a distinct line,
which separates the central features from the peripheral ones. Brown and
Duguid attribute great importance to the features that are close to the bor-
der and refer to them as border resources; not part of the “canonical” arti-
fact, but still very important in the practical use of the artifact as they give
clues as to what particular genre frames the interpretation of the artifact.
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In order for border resources to serve as contextual cues, relevant fea-
tures of an artifact must remain intact over time and space or interpretative
conventions would not be established. Brown and Duguid use book covers
as an example:

If book covers, for instance, were merely optional, were changed
sporadically, were provided randomly, or (as in the 18th century)
were chosen individually, they would be unable to play their inter-
pretive role. (Brown and Duguid, 1994, p. 18)

In the case of material artifacts, the materiality as such exhibits, rela-
tively speaking, a resistance to change. It is not practically and economi-
cally viable to mass customize a commodity such as a book. Also, according
to my understanding of Brown and Duguid, the continuity and integrity
of physical artifacts is what makes it possible for communities to establish
interpretative conventions governing the artifact.

The message from Brown and Duguid is that artifacts have both mate-
rial and social aspects and that these aspects are deeply intertwined. How-
ever, in the case of information technology artifacts, the situation becomes
somewhat different. Whereas the materiality of physical artifact exhibits
resistance and continuity with respect to border resources, the seemingly
immaterial character of information technology makes for a kind of arti-
fact where the continuity of the border is jeopardized and made susceptible
to change.

An example, used by Brown and Duguid, is that of on-line newspapers.
Whereas a traditional, material newspaper is one and the same in terms of
form and content for each reader, an on-line newspaper is—in principle—
more feasible to make individual and customized to each reader. This is
made possible through the immaterial character of the on-line newspaper.
Although, the prospect of an individualized newspaper may seem a good
idea, it is associated with problems concerning the social use of the newspa-
per. As an example, as suggested by Brown and Duguid, a paper newspaper
imposes restrictions on what can be fitted inside the paper. As such, the
newspaper is not only a container of news; it also implies a necessary dis-
cretion as to what are to be considered as important or relevant news. An
electronic counterpart is more forgiving in this sense by not imposing as
harsh spatial restrictions as physical newspapers. Also, a newspaper that is
the same for each reader is also a way of catering for a social diffusion of
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news. An electronic, customized newspaper can—in principle—be made
specific to each reader, but at the risk of loosing the role of the newspaper
as a source of socially shared “facts” (see Sunstein, 2001, for a discussion of
how this kind of individualization can affect the democracy of a society).

This tendency or capacity of information technology to create less tan-
gible and more mobile artifacts leads to what Brown and Duguid refers
to as the paradox of demassification. On the one hand, the notion of de-
massification is a matter of physical change of artifacts that new media and
information technology bring about. Digital libraries, electronic newspa-
pers and a host of other information technology artifacts become possible
because of a change in the materiality. As such, demassification is a very
literal description of one aspect of technological development. In the case
of libraries, what used to occupy large rooms and weigh more than no one
could ever imagine carrying can now be stored on a DVD that weighs next
to nothing. Similarly, the contents of an electronic library can easily be
searched and distributed globally and rapidly. These are changes that can
be attributed to a change in mass, a change in materiality.

However, demassification is not only a matter of physical change. On
the contrary, physical demassification is, according to Brown and Duguid
associated with a social demassification as well. The notion of “mass” is in
this case is the same kind of mass as in “mass communication”. The pos-
sibility to customize and make individualized versions of artifacts implies
a demassification in the sense that a specific version of an artifact reaches
out only to a few individuals or small groups of individuals. Why is this a
problem?

The problem is, as suggested by Brown and Duguid, that it implies
that people do not longer share the same border resources that are an im-
portant aspect of the context that govern interpretations of artifacts and
for that reason makes it more difficult to coordinate practice.

The question is what can be done to alleviate the consequences of
demassification? In terms of consequences for design practice, Brown and
Duguid advocates a need to shift the focus from the artifact to its social
setting:

If social resources arise in the interplay between continuity and
community, then as continuity becomes less dependable, designers
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need to work more closely with communities. (Brown and Duguid,
1994, p. 25)

I find this suggestion very sensible. If artifacts become increasingly in-
tangible, it makes sense to direct attention to contexts and communities
where use is expected to take place. However, the mobility of artifacts that
follows in the wake of demassification makes it increasingly hard to know
what the community is. This is not least the case for information technol-
ogy artifacts distributed over the Internet. But even for shrink-wrapped,
off-the-shelf software packages, the particularities of the use contexts where
the software will be used are plausibly very difficult to know about.

The design ideal that I articulate in this thesis, starting at the end
of this chapter takes a different route than Brown and Duguid. Instead,
it emphasizes the importance of paying attention to the artifact and its
design. This does not by necessity imply a total neglect of the social aspect
of artifacts.

The Character of Things

In a vein related to that of Brown and Duguid, Lars-Erik Janlert and Erik
Stolterman introduce the notion of character into the discussion of how ar-
tifacts are interpreted and understood in everyday use (Janlert and Stolter-
man, 1997). The point of departure for Janlert and Stolterman is the
observation that people have a tendency to ascribe rather high-level de-
scriptions to artifacts. These descriptions, referred to by the authors as
character, are means to deal with an otherwise complex and intricate envi-
ronment.

To illustrate the notion of character, the authors draw on character-
izations that people may ascribe to cars. For instance, what do we mean
when we say that a car is ‘reliable’ or that it is ‘erratic’? What is the basis for
such ascriptions? To assert that a car is reliable is not necessarily to make
a statement based on a rational analysis of the car’s structure and behavior.
Rather, Janlert and Stolterman suggest that character ascriptions are not
solely based on actual behavior of artifacts, but also on their appearance.

In this context, appearance should be understood in the widest sense
of the term, including all perceptual modalities. The main thrust of their
argument is that a particular appearance of an artifact may motivate and
suggest a certain high-level interpretation of an artifact. As an example,
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they mention the sound of a car door as it closes. If the sound is that of
a controlled, subdued “thud”, people may be more inclined to associate
this car with reliability than if the sound is that of metal slamming into
metal. Interestingly enough, these sounds are not necessarily intrinsic to
the specific behavior of the car door; we may readily imagine a door closing
without any sound at all.

The point is that the appearance of an artifact may partly come about
by means of a direct design effort or by means of indirect design effort.
For instance, the structural integrity of the car may call for certain material
qualities that indirectly have consequences for its appearance. In turn, this
appearance is subject for interpretation in a character modeling process on
part of an observer of the car. This raises important and interesting issues
regarding relations between form and function that are even more complex
in the context of design of computer artifacts that I will return to later in
this chapter.

What is the use of attributing character to artifacts and environments?
Janlert and Stolterman suggest that the notion of character may serve four
different purposes. First, it generates expectations. A car characterized as
being ‘reliable’ is certainly not expected to break down every so often in
the middle of the road, but that would not come as a surprise if the car
is characterized as a ‘wreck’. Put differently, the character attributed to
an artifact imposes constraints on likely and unlikely expected behavior
of the artifact in question. However, the expected behavior as generated
by the attribution of a certain character is not a restriction on the actual
behavior that the artifact may exhibit. Rather, the expectancy induced by
characterizations is of a subjective kind and may be proven unfruitful in
the light of actual behavior.

Second, character may serve as a means for generating explanations
of actual behavior of artifacts. Thus, in addition to generate expectations
of how an artifact will behave, characterizations can serve as a means to
rationalize behavior in an after the fact manner. Third, artifact characteri-
zations serve as context for interpretation by way of providing a backdrop
for interpretation of the particulars of an artifact.

Although the notion of character refers to high-level descriptions of
artifacts, Janlert and Stolterman suggest that characterizations are of use
also for making sense of artifact behavior on different levels of abstraction.
Finally, characterizations may be beneficial by virtue of serving as a schema
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for normal functioning. The notion of schema for normal functioning is
very much related to the kind of expected behavior that a certain character-
ization implies. When the character of an artifact carries a set of expected
behaviors, this set can act as a yardstick or benchmark for assessing to what
extent an artifact is behaving in a proper manner.

As an example consider so-called RJ-connectors, the kind of connector
that typically connects a phone chord to the phone or the network cable to
the network adapter. When the connector is pushed into the socket, a dis-
tinct clicking sound is heard. This sound serves as a kind of confirmation
that connection has been established. The sound as such is not in any way
directly related to the issue whether a conductive path has been established
between the cord and the socket, but still it seems apt as an example of a
kind of appearance that may serve to inform character attribution.

What I find interesting is that this appearance or perceivable aspect of
the connector, let it be unsaid if it is designed or circumstantial, occurs by
means of material necessity. Given the form of the connector and socket
and the materiality of these devices, the sound presents itself by necessity.
In that sense, the clicking sound is real, it is authentic.

One might argue that any sound is real if you can here it or other-
wise measure it. However, what I am alluding to is a kind of realness or
authenticity that characterizes the weight of book or the tactile sensation
from touching the texture of the pages. These aspects of appearance are
authentic by virtue of being inherent in materiality of the book, and they
may serve the purpose of informing attribution of character to the book.

Why is this important? It is important because in the case of infor-
mation technology artifacts, a digital book for instance, there are no such
clear-cut examples of appearances that may inform character attribution.
Of course, a digital book can be made to appear having weight, it can be
made to convey tactile sensations or even be made to present a smell of
dust, paper and ink. The point is that these kinds of appearances must be
made. They are not inherent qualities of the artifact’s materiality.

And even if an electronic book was made to give away these kinds of
appearances, they would not be authentic appearances, not in the way the
same appearances would be authentic if they were appearances of a real
book.

I take this to be a fundamental difference between physical and infor-
mation technology artifacts that poses an important challenge concerning
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how IT can be designed to have a genuine appearance, it at all possible.

Distributed Cognition and external representations

The purpose of presenting arguments for the importance of material as-
pects of context from different sources and perspectives is not to suggest
a coherency among the example perspectives. Rather, by giving examples
from more or less related fields, my ambition is to make it plausible that
the issue of material aspects of context is not of local interest to a single
strand of research. Yet another case for the importance of environmental
and material qualities of experience is to be found in what is known as
distributed cognition (see Hollan et al., 2000, for an extensive overview of
distributed cognition)

Like many other approaches that aim at explaining the mechanisms
and processes of cognition, distributed cognition is concerned with typi-
cally cognitive activities and phenomena such as, learning, memory, plan-
ning, reasoning and decision-making. However, whereas traditional ap-
proaches mainly consider cognition as a phenomenon that occurs in the
brain of single individuals, distributed cognition embarks on different route.

According to Hollan et al. (2000), the distributed cognition theory
diverges from other accounts of cognition by subscribing to two related
principles. First, distributed cognition does not confine the unit of anal-
ysis to the individual mind. Rather, the scope is broadened to include
social aggregates of individuals, their interactions with each other and arti-
facts. Second, and related to the first principle, is recognition of a range of
mechanisms involved in cognition that a pure individual perspective leaves
out. In the following these principles will be elaborated on to some extent
as to make a case for the centrality of material aspects of context from a
cognitive perspective.

As already mentioned, distributed cognition can be understood as a
reaction—or alternative—to another view of cognition. The view that dis-
tributed cognition partly reacts against and partly builds upon, is the view
of cognition as information processing on part of the individual. This view,
under the label of cognitivism, is explicated to some level of detail in the
fourth chapter of this thesis. For now, suffice it to say that the information
processing view largely considers cognition to be restricted to and con-
fined by the individual mind. The information processing paradigm has
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generated a considerable body of knowledge concerning information repre-
sentations and processes that operates on these representations (Hutchins,
1995b). As also suggested by Hutchins, what is learned about represen-
tations on processes at the individual level can fruitfully be applied to the
broader unit of analysis constituted by socio-technical systems. This kind
of broadening of scope has the added benefit of opening up possibilities of
study and direct observation of cognition, in contrast to internal cognitive
states and processes that need to be indirectly inferred from behavior.

Distributed cognition is typically concerned with socio-technical sys-
tems such as airplane cockpits (Hutchins, 1995b) and navigation bridges of
large ships (Hutchins, 1995a). Typically, such systems can be characterized
as a kind of functional system that includes both individuals and artifacts of
both material and symbolic kind. In the paper How a Cockpit Remembers
Its Speeds, Hutchins (1995b) presents an analysis of the distributed cog-
nition involved when a commercial airliner descends from approximately
30000 feet down to ground. As the title of the article suggests, the focus
is not on the cognitive processing as performed by the two pilots. Rather,
Hutchins take the whole interior of the cockpit to be the unit of analy-
sis, including pilots, but also tables of numbers, various gauges, and other
artifacts in the cockpit. The problem facing the cockpit system concerns
how to remember to set the correct speed in order to descend in a safe
manner. However, there are a number of factors determining what a safe
speed for the descent is, depending on a number of factors, for instance,
gross weight, wing shape configuration as determined by extraction and
retraction of flaps and slats.

In addition, a safe air speed is not necessarily a safe ground speed and
vice versa which calls for trade-offs when determining the speed of the
aircraft. If correct measures are not taken before the descent with regard to
these factors, consequences may be fatal.

Hutchins analysis of how the cockpit handles this part of the flight—
how it remembers its speeds—is an account in terms of how the state of
the cockpit dynamically disseminates through different “media” found in
the cockpit, sometimes in redundant ways as to ensure safety. This media
is constituted by both representations internal to each pilot and represen-
tations external to the pilots in the form of physical artifacts. The main
thrust of Hutchins cockpit analysis is that the use of external representa-
tions in the cockpit is not primarily a memory aid for the pilots. It is
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not the pilots that remember the speed; it is the cockpit understood as a
functional system that is designed to remember.

In the cockpit analysis, Hutchins found a host of external representa-
tions implemented in media of different material characteristics that influ-
ence the cognitive system as a whole. Hutchins comments on this in the
following way:

The properties of functional systems that are mediated by external
representations differ from those that rely exclusively on internal
representations, and may depend on the physical properties of the
external representational media (Hutchins, 1995b, p. 286).

Such physical properties may concern to what extent a representational
artifact will endure over time, its mobility or modality.

The distributed cognition approach focus mainly on rather well-defined
and delineated units of analysis, such as in the cockpit example. The
propagation of systems’ states over different media is—typically but not
necessarily—carefully designed and evolved over time. However, it seems
plausible that the line of reasoning found in distributed cognition applies
to other systems of artifacts, environments and people, such as office en-
vironments and work places in general. Put differently, information of
ongoing work may be reflected in the dynamic configuration of social and
physical space. For instance, if sheets of paper start to pile up around the
shared office printer it may very well communicate something about what
is going on in the workplace. These things are not necessarily intentionally
designed, they rather happen as a result of the material and social circum-
stances of the work.

Harrison and Dourish (1996) present a similar argument in their paper
on the role of the notions of space and place in the facilitation of collab-
oration. The main thrust of their argument seems to be that—contrary
to what they consider to be popular belief—it is not space but place that
frames interactive behavior. They take place to be a space invested with
meaning by experiencing subjects. Although not explicitly related to the
research and literature on distributed cognition, Harrison and Dourish’s
view lines up well with distributed cognition concerning the recognition
of the importance of external representation in different kinds of activities.

The kind of meaning attribution that Harrison and Dourish (1996)
are concerned with seems to be relevant for insights into the role of exter-
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nal representations in offices. A lot of research has been conducted to study
individual and collaborative aspects of information management in office
contexts. Kidd (1994) carried out an empirical study on the characteristics
of so-called knowledge workers and their relation to the information they
work with. Kidd found that spatial and material aspects of information
management are of central concern for knowledge workers. The work-
ers she studied used physical space—mainly horizontal surfaces, cluttered
seemingly randomly—and the material properties in a number of different
ways. First, space served, not only as mere storage areas, but also as hold-
ing patterns for documents that are in the process of being categorized and
that potentially may come in handy. Second, Kidd suggests that knowledge
workers use papers and marks on them as material proxies in a way that
resembles a primitive language in order to concretize otherwise intangible
mental models. Third, the material characteristics of papers and docu-
ments served as contextual cues as to facilitate recovery from disruptions in
the work process caused by phone calls and other sources of distractions.
Fourth, Kidd found out that the tangibility of papers had a kind of rhetor-
ical communicative role by virtue of serving as a demonstrable output that
is visible to others as a proof of progress

Another suggestion made by Kidd—as hinted at by the paper title The
Marks are on the Knowledge Worker—is that the central concern of the
perceptual and tangible aspect of paper work is not to file and store infor-
mation away, but its capacity to make imprints on the workers knowledge
and understanding. Put differently, in the vocabulary of distributed cogni-
tion, what Kidd observed was an interaction between internal and external
representations.

In a vein similar to that of Kidd, Whittaker and Schwarz (1995) are
concerned with what they present as the paradox of people abandoning
information technology tools designed to support collaborative software
development, in favor of more low-tech, material tools. Their study sug-
gests that the reasons why people are inclined to abandon group support
systems can partly be related to the physical and material characteristics of
tangible artifacts such as wallboards:

[. . . ] the size, public location and physical qualities of material
tools engender certain crucial group processes that current on-line
technologies fail to support. (Whittaker and Schwarz, 1995)
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Informants in their study reported among other things that the tangible
nature of physical artifacts made the information seem more real. Also,
the study indicates that the kind of concrete, tangible interaction required
by wallboards fosters a more reflective behavior compared to on-line tech-
nologies.

A conceptually related study by Malone (1983) on how people orga-
nize their desktops and other artifacts associated with personal and physical
information management suggests that personal spaces are not only orga-
nized as to support finding of information, but also as to support remind-
ing of information. Malone’s study shows that there are large individual
differences concerning how people organize their documents spatially to
accommodate the finding and reminding aspect of personal information
management. Whereas some people have very neat spatial organization,
others have a seemingly messy one. However, as Malone points out, the
neatness or otherwise of a particular spatial document organization does
not necessarily apply to the organization of the persons work in general.
Still, Malone reports that people in his study with apparently messy or-
ganization were typically defensive or jokily about their messiness. Thus,
apparent messiness may be interpreted as a factor involved in peoples’ at-
tribution of character, to speak with Janlert and Stolterman (1997).

Sellen and Harper (2002) present a study were the alleged myth of the
paperless office is addressed: how come that the demise of paper in profes-
sional settings never seem to happen? In spite of sophisticated information
technology, people and organizations keep using paper based media in their
work. Sellen and Harper offers an explanation to this situation largely in
terms of materiality. Paper, they suggest, has particular affordances that
make it outstanding compared to its digital counterparts. Affordances—in
this context—refer to the physical characteristics of paper that determine
what actions are possible with paper or artifacts made of papers, such as
books, post-it notes, etc.

Materiality from a science and technology studies perspective

Increasingly, Scandinavian research in information systems has turned to
actor-network theory for an explanatory framework to better understand
various aspects of information technology in—primarily—organizational
settings. An example of such work includes Jonny Holmström’s work on
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the mutual influence that information systems and organizations exert on
each other (Holmström, 2000).

Originally, actor-network theory has evolved over the last two decades
as a theoretical approach within science and technology studies with Bruno
Latour and Michel Callon as its most well known originators. The main
thrust of the actor-network tradition is the commitment to study the prac-
tice of science and technology. Thus, actor-network theory aims at explaining
how certain views, standards and regulations come to dominate and remain
fairly stable over time. Such explanations are typically not purely mental-
istic, materialistic or social in character. Rather, social order is explained in
terms of entwined relations of human and non-human actors.

However, in this section I will take the risk and liberty to consider
one notion of actor-network theory in a fair amount of isolation. The
notion I will consider is the one of inscriptions as it relates very much to
the importance of material aspects of context.

In Visualization and Cognition, Latour writes:

The “cracy” of bureaucracy is mysterious and hard to study, but the
“bureau” is something that can be empirically studied, and which
explains, because of its structure, why some power is given to an
average mind just by looking at files: domains which are far apart
become literally inches apart; domains which are convoluted and
hidden, become flat; thousands of occurrences can be looked at
synoptically. (Latour, 1986, p. 28)

As I understand it, Latour’s separation of “bureau” and “cracy” is not a
mere play with words. On the contrary, it is typical of ANT’s commitment
to the understanding of seemingly abstract phenomena—such as science,
facts, institutions and technology—by means of studying what mistakenly
may appear as superficial, everyday social and material concretions of the
object of study.

An often cited example of inscriptions is the made-up hotel key sce-
nario presented by Latour (1991). In this scenario a hotel manager is strug-
gling with the problem of getting hotel guests to leave the key at the hotel’s
front desk when they leave the hotel building. We can assume that the
hotel manager wishes to keep the keys at the front desk for a number of
different reasons, say, minimize the ordeal involved when keys are lost or to
simply maintain an overview of who is in or out of their respective rooms
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at various times during the day. What is important in this context is that
the hotel manager has an interest in getting the customers to behave in
a certain way or—to speak with Latour—to follow a program of action.
However, the manager may be more or less successful in getting the guests
to sign up to the program. Instead, they may choose to enact various anti-
programs, that is, to act in ways that do not involve leaving the key at the
front desk.

Now, in the first instance the manager’s interest in getting the guests to
leave the key at the desk is largely a program of action without allies; peo-
ple leave the hotel as they see fit without considering to leave the key. At
this point, the manager may decide to instruct the front desk staff to—in
words—ask the guests to kindly leave the hotel without bringing the key.
This change of staff conduct may affect the behaviors of some guests, to
some extent. Put differently, the interest of the hotel manager has been
translated into another work organization as to enroll some guests as allies
while others still enact anti-programs. In order to enroll even more allies
to his program, the manager decides to supplement the verbal instruction
with a written one. In a very literal sense, the interest of the manager is
inscribed in a physical sign that kindly asks the guests to not leave the
hotel together with the room key. We can assume that this new way of
translating the interest of the manager was received to the manager’s in-
tent by some of those who otherwise would not have joined the manager’s
program. In order to enroll even more allies to his program, the manager
recruits an inventor to his program that suggests adding a physical weight
to the key ring that renders the key to unwieldy to carry around in the
pocket. The sheer weight and size of the key carry—or rather are—an
inscription of the managerial interest.

The pedagogical motivation of the scenario is not to say something
about hotel keys as such, but to demonstrate that the process of establishing
a dominating program of action is neither a purely social endeavor, nor a
purely technological (in the sense of material) one. The point is that the
establishment of a certain social order of domination is, according to my
interpretation of Latour, a succession of translations of interests into socio-
technical structures. These successive translations aim at enrolling as many
“allies” as possible to the program of action.1

1Whereas ANT is concerned with how such translations contribute to the emergence
of networks of human and non-human actors, I take the liberty to discuss inscriptions and
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One of Latour’s interests is the notion of reference in scientific dis-
course. Broadly speaking, the problem of reference concerns how signs
and symbols can be said to “connect” to a reality; to be about something.
The actor-network theoretical way of addressing this problem differs from
many traditional, epistemological approaches by means of paying atten-
tion to how signs and symbols come into being in a practical way. In the
book Pandora’s Hope, Latour (1999) describes how a diagram in a scientific
paper in the field of soil science comes into being. What I find particularly
interesting considering the purpose of this PhD thesis is the series of trans-
lations of inscriptions that preceded the existence of the actual diagram.

 

Figure 2.2: Diagrammatic representation of soil distribution (Latour, 1999)

The diagram in question (see figure 2.2) shows the distribution of dif-
ferent kinds of soils in the border region of forest and savanna somewhere
in the Brazilian part of the Amazonas. It seems obvious that the diagram
in some sense is about some particular aspects of that particular place, but
it is by no means obvious how the diagram and the knowledge it embod-
ies came into being and how that process shaped the diagram. Latour’s
account based on a field study of the making of the diagram is largely an
account in terms of different material articulations of the forest-savanna
region, whereof the diagram is one.

Another articulation in this chain of translations that preceded the di-
agram is a device called a pedocomparator (see figure 2.3) that is used to
collect and analyze soil samples from specific places in the region. In fact,

translations in a rather isolated manner.
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these specific places were identified by means of maps superposed on aerial
photographs, which is yet another example of how material proxies of the
object of study plays an important role in the practice of science.

Interestingly enough, the pedocomparator is by all standards a con-
crete, material object. A wooden frame, with spaces for small cans filled
with soil samples from specific location in the forest-savanna region, or-
ganized in a row-column fashion. The wooden frame can be folded and
unfolded very much like a regular briefcase and transported in and out of
the region. However, it is not just a convenient thing that comes in handy
while working in the field. It belongs, according to Latour, just as much
to the realm of—supposedly—abstract concepts and categories as to the
realm of concrete things. Through the pedocomparator, the whole forest-
savanna region becomes available at arms length, literally and figuratively
graspable by one person. As such, the pedocomparator can be understood
as a mobile device that translates the forest-savanna region from mere mat-
ter to organized, conceptual form. The pedocomparator is but one of
many steps in a chain of translations where the object of study is succes-
sively inscribed in artifacts of different materiality. The diagram that ends
up in the scientific paper is yet another step in that chain of translations,

 

Figure 2.3: Physical representation of soil distribution (Latour, 1999)
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with a material quality that allows for even more mobility compared to
the pedocomparator and definitely more mobility than the forest-savanna
region itself.

In general, Latour maintains, the way science and scientists work is
largely dependent on inscriptions of a certain materiality:

Yes, scientists master the world, but only if the world comes to
them in the form of two-dimensional, superposable, combinable
inscriptions. (Latour, 1999, p. 29)

The account from the research site is largely an account of an object of
study that in various ways is translated into two-dimensional inscriptions:
photographs, maps, pedocomparator and diagrams. In Latour (1999) and
elsewhere (see for instance Latour, 1986), Latour stresses the importance
in scientific practice of inscriptions that are immutable, mobile and combin-
able. The immutability aspect of an inscription concerns the capacity of
an inscription to last over time, without loosing its integrity. In the case of
the hotel key example, the immutability is realized by means of the mate-
rial of the weight attached to the key that will withstand the wear and tear
of repeated use. However, this particular material configuration provides
immutability at the cost of lost mobility, which is exactly what the man-
ager wanted to achieve. If we look at the diagram of the forest-savanna
region, it is highly mobile and also immutable by means of being eas-
ily reproducible. The diagram is also combinable in the sense of making,
for instance, superposition and juxtaposition with other diagrams possible,
which the forest-savanna region as such is not.

Inscriptions as material aspects of context

Latour’s way of relating to the notion of inscription seems to be closely
related to the historian Harold Innis’ work on the bias of communication
(Innis, 1951). Innis maintained that different communication media favor
different kinds of knowledge dissemination in terms of time and space
depending on the physical characteristics of the medium. The imprints on
clay tablets or rune stones are—largely due to the material qualities of clay
and stone—likely to remain intact through the ages. However, the very
same material qualities make them cumbersome to transport spatially over
large distances. In view of that, stone—and to a lesser degree, clay—can
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be said to be biased towards temporal dissemination, in contrast to spatial
dissemination. The opposite relation holds for media such as air, water
and paper.

Latour’s notion of immutable mobiles seems to point in a direction
that suggests that the production of “hard facts” depend on a medium
that on the one hand is biased towards spatial dissemination (the mobile
aspect). But, on the other hand, the immutability aspect suggests a bias
towards temporal dissemination as well (the immutability aspect). If we
instead re-interpret the hotel key example from a communication bias per-
spective, it seems plausible that the problem was to find—with maintained
functionality—an appropriate physical configuration of the key that estab-
lishes a certain bias that paves the way for temporal longevity and spatial
immobility.

One of the lessons to be learned from actor-network theory concerning
inscriptions is the role of material artifacts as hybrid objects that, on the
one hand have the concrete qualities associated with physical objects, for
instance, mobility and tangibility to varying degree. On the other hand,
the material qualities of such objects also make it possible for those objects
to embody what typically may be considered as abstract qualities. Put
differently, an object may embody a theory or a set of interests and values.

2.3 Towards Information Visualization Design as Massification

In this chapter I have put forward arguments that from several theoretical
perspectives suggest that material aspects of context are crucial factors for
the way we make sense of our encounters in everyday life. To briefly sum
up, Brown and Duguid’s perspective suggests that physical qualities of ar-
tifacts are pregnant with a social dimension and meaning. Some material
aspects of artifacts that are not necessarily part of what they refer to as the
canonical artifact constitute border resources and serve as part of a context
that influence the way people make sense of the artifact.

Janlert and Stolterman’s notion of character suggests that perceivable
aspects of artifacts come into play in the way people make overall judg-
ments of the artifact in question. Interestingly enough, these judgments
may or may not be true to the actual qualities of the artifacts, but still
these judgments are made as a way of coping with an otherwise complex
reality.
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One of the lessons, I suggest, to be learned from the theory of dis-
tributed cognition is that cognitive processes are not necessarily confined
to the mind of a single individual, but rather distributed socially, tempo-
rally and spatially. The notion of external representations captures the fre-
quent use of material structures in cognitive actives. As I suggest, external
representations are not only of importance in well-defined and designed
environments such as cockpits, but also in environments where people cre-
atively and dynamically attribute meaning to physical objects and their
spatial arrangements.

From actor-network theory, I zoomed in on the concept of inscriptions.
Latour’s account of how concrete, physical objects can be inscribed with
seemingly abstract interests, theories and values is very interesting for the
purpose of this thesis. As Latour’s account testifies to, the dichotomies of
objects versus idea and concrete versus abstract are not without problems.
Convincingly, as I find it, he argues that artifacts can be of a hybrid kind
that are part tangible object, part intangible theory.

An initial articulation of massification design

On a more general level, the examples put forward in this chapter can be
understood as examples of how artifacts can be said to have two kinds of
meaning. On the one hand, there is a functional meaning. This kind of
meaning refers to the function that a particular artifact is meant to realize.
This kind of meaning is essentially the same as what Brown and Duguid
(1994) refer to as canonical artifact. But there is also a kind of meaning
that seem very much related to the materiality and form of the artifact that
realizes a certain functional meaning. This kind of meaning is akin to the
role of what Brown and Duguid refer to as border resources, but also to the
role of appearances in the attribution of character as described by Janlert
and Stolterman (1997).

A problem posed by computerization and digital transformation is that
a certain functional meaning (say, that of a book) may very well be realized
in an IT artifact in such a way that it also opens up for an added functional
value in terms of searchability, distributability, etc. However, as Brown
and Duguid convincingly argue, what can be seen as the kind of meaning
related to the material aspects of the book, is a much more problematic
issue.
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It seems to me that physical demassification of artifacts may very well
be an intrinsic property of digital transformation. However, concerning
the social aspect of demassification, it seems plausible that it can in part be
mitigated by means of a design of artifacts that pays attention to aspects of
meaning that are not only of functional concern. Such a design need not
to be a design that is purely aesthetic in the sense of striving for pleasurable
containment of function. Rather, it can strive towards expression of the
kind of abstract meaning that physical artifacts are associated with.

To that end, I suggest that such a kind of design can be articulated
as massification design. Conceived of as a design ideal, massification can
be thought of as demassification in reverse. Analogous to the notion of
demassification, massification design is meant to suggest both a material
dimension, as well as a social. It has a social dimension by virtue of seeking
to establish conditions that allows for intersubjective experience of abstract
information.

It also has a material dimension because it aims at establishing such
conditions by means of design of concrete, perceivable representations that
express abstract information.

The next two chapters will directly and indirectly further articulate
what massification design can be.





3

THE ROLE OF THEORY IN INFORMATION

VISUALIZATION RESEARCH

3.1 Introduction

The contents of the previous chapter suggested that activities of very dif-
ferent kinds typically depend on and are influenced by the materiality of
the particular contexts in which the activities are embedded. Furthermore,
it was suggested that computerization may bring about changed conditions
for sensemaking through its demassification characteristics.

I have chosen to address this phenomenon from the perspective of in-
formation visualization. That is, my way of thinking about massification is
in terms of how information technology can be designed as to not deprive
activities of their experiential meaningfulness but to enrich them through
relevant perceptual representations.

This chapter will start out with an overview of information visualiza-
tion research in terms of definitions and research examples as to provide a
point of reference for massification design.

The chapter focuses primarily on the role of theory in information
visualization research. To what extent does information visualization re-
search aim at generating, depending on or otherwise use theory? I find
these questions important to ask considering that my contribution in this
thesis is largely theoretical (compared to, say, system wise). The review
and the discussion about definitions and previous work is thus a way of
mapping the academic territory in order to position the work presented in
the thesis in relation to previous work.

43
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Definitions of information visualization

What is information visualization? In order to get to grips with this ques-
tion I will dissect fairly established definitions of the research field.

Card et al. (1999) define information visualization in the following
way:

The use of computer-supported, interactive, visual representations
of abstract data to amplify cognition. (Card et al., 1999, p. 7)

This definition stresses the qualities of information visualization as a
kind of artifact. The computer-support aspect of this definition excludes
more traditional—typically printed—techniques for giving concrete form
to information, such as the beautiful work on visual information by Ed-
ward R. Tufte (see for instance Tufte, 1983) and other efforts more focused
on mapping and diagramming (see for instance Mijksenaar, 1997).

The insistence on interactivity found in the definition exclude static vi-
sualizations such as bar charts or other diagrams that cannot be influenced
by the user. Thus, interactivity as such is—according to this definition—
supposed to add a quality to this class of information technology artifacts
that make it different from other, less dynamic ones. The definition also
stresses the use of visual representations that seem to exclude the use of
other modalities, such as sound, smell and touch. However, information
visualization as a concept has come to denote more than what a literal
interpretation of the term suggests.

Waterworth (2000) recommends the term realization as an alternative
to visualization as to not exclude senses other than vision. For similar
reasons, the term perceptualization has been suggested (Card, 1996b; Card
et al., 1999) as to allow for sonification, tactilization and other perceptual
transformations as means to express information qualities.

A central notion in the definition is that of abstract data which makes
it different from the adjacent research field of scientific visualization. As
pointed out by, for instance, Card et al. (1999) and Spence (2000) scien-
tific visualization is concerned with data that typically have some inherent
spatial or physical structure to it. Examples of such data include meteo-
rological measurements, medical data from PET and MRI scans (Water-
worth, 1998) and data from wind tunnel experiments with aircrafts. Rel-
atively speaking, these kinds of data are concrete data from observation or
simulation of different phenomena that are physical or spatial in charac-
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ter. Information visualization is concerned with abstract data that are not
necessarily “out there” to be observed but are rather ephemeral in charac-
ter. Examples of such data are found in information about documents in
terms of size, quantity, relevance and other qualities as they pertain to the
documents in question.

Other examples of abstract data may concern social interactions be-
tween people, which is an example of what is often referred to as social
visualization (Donath, 1995) that can be understood as a sub-field of in-
formation visualization. However, there is no unambiguous line of de-
marcation between information visualization and scientific visualization.
On the contrary, interactive visualizations may include data that are both
based on physical phenomena and abstract ones. Examples of such hybrid
visualizations include visualization of network traffic—that may be con-
sidered as rather abstract data—moving between physically and geograph-
ically located nodes in the network. For examples of such visualizations,
see Munzner (2000).

Information and scientific visualization, respectively, pose different chal-
lenges, largely because of the different kinds of data that they are concerned
with, and it makes sense to treat them as two research areas in spite of be-
ing related and overlapping. In my own work, I have come to think of the
main challenge of information visualization research and practice as giving
form to the formless, to the intangible. This formulation is quite inclusive
by means of welcoming many kinds of data as the subject of information
visualization. Yet, it is exclusive by ruling out what is typically classified as
scientific visualization, including medical and geographical visualization.

To return back to the definition, Card et al. (1999) emphasize that the
purpose of information visualization artifacts is to amplify cognition. In
doing so, they stress what they refer so as external cognition, that is, the
use and role of the world external to the cognizing human in accomplish-
ing cognitive tasks. Thus, there is a rather tight coupling between infor-
mation visualization and external representations central to the notion of
distributed cognition as discussed in the previous chapter.

Information visualizations may be considered as a kind of external rep-
resentation that capitalizes on human perceptual capacities and thereby
provide a relief for the cognitive load. Locally and recently at the Depart-
ment of Informatics, Umeå University, Waterworth (2001) addresses how
memory, learning and creativity can benefit from exploiting the concrete-
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ness of the physical world in combination with the flexibility of virtual
worlds.

Another definition that I find complementary to the one of Card et al.
(1999) reads in the following way:

[. . . ] the process of transforming data, information and knowledge
into visual form making use of human’s natural visual capabilities.
(Gershon et al., 1998, p. 9)

The process aspect of the definition is important because it highlights
that information visualization artifacts emanate from processes that can
take many shapes. As hinted at already in the first page of this thesis, I
consider my work to be about how such processes can be informed by
theory.

The definitions presented above suggest that information visualization
as a research field is only concerned with issues pertaining mainly to the
human-computer interface. However, as pointed out by Chen (1999),
information visualization can be understood as constituted by both struc-
tural modeling and graphical representations. These aspects are related but
address different aspects of information visualization. Structural model-
ing refers primarily to computational (rather than modeling performed by
users) modeling and analysis of data. For instance, structural modeling
can serve the purpose of identifying relations, structures and similarities in
datasets by means of techniques such as vector space models (Chen, 1999),
latent semantic indexing (Deerwester et al., 1990) and other information
retrieval methods (Faloutsos and Oard, 1995).

In contrast, the other aspect of information visualization concerns con-
crete, interactive representations of data—possibly pre-processed by struc-
tural modeling—in graphical form or otherwise made perceptually acces-
sible to users of information visualization artifacts. It is also this aspect
of information visualization that I address in this thesis. Put differently,
the way I relate to information visualization research in this chapter is as a
subject of human-computer interaction research.

In the following, I will present what I consider to be typical and in-
fluential examples of work in information visualization research from the
perspective of the graphical/perceptual aspect of the subject matter. The
main purpose of this presentation is to articulate part of what I regard as
both the kind of research where my work fit in conceptually. At the same
time, my ambition with the thesis is to propose a way of thinking about
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information visualization that I consider to diverge from—yet is motivated
by—mainstream visualization research. Therefore, the presentation serves
as a point of reference to which the suggested approach can be related.

3.2 An information visualization research overview

Focus+context visualization

A considerable amount of work in information visualization is concerned
with the fact that a computer display is typically limited in size in such
a way that it can not possibly cater for the space required for presenting
the wished amount of information. This is especially urgent when the
interpretation of a certain piece of information depends on its relation to
other pieces. As an example, this is typically the situation facing computer
programmers, trying to make sense of a program section in the midst of
a long source code listings presented on-screen. Information visualization
technology that aims at addressing this issue are said to provide focus and
context in spite of limited screen real estate (see for instance Chen (1999),
pp. 307-408).

Kosara et al. (2002), divide focus+context methods into three distinct
groups of methods: spatial, dimensional and cue methods. A pioneering
work with respect to spatial focus+context visualization methods was made
by Furnas (1981, 1986) who addressed this by means of introducing the
notion of fisheye views. By drawing on an analogy from optics he sug-
gested a way of presenting details in an otherwise large structure of data
together with an abbreviated representation of the structure. The result is
similar to the effect of viewing something through a fisheye lens that can
encompass a wide field of view at the cost of a severe distortion of the vi-
sual periphery (context) with a relatively intact and detailed view of that
which is at the center (focus). The fisheye view method is but one spatially
oriented method for providing focus+context display of information. An
oft-cited work in the focus+context area is Mackinlay et al. (1991) who
devised the Perspective Wall (see figure 3.1) that was a rather early example
of visualization that used 3D graphics for visualization.

Dimensional focus+context methods typically provide means to selec-
tively put certain dimensions of a multi-dimensional data structure into
focus while displaying the periphery with respect to other dimensions of
the data. Interactively, this can be accomplished by using so-called Magic
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Figure 3.1: Bifocal distortion in Perspective Wall

Figure 3.2: Dimensional focus+context

Lenses (Bier et al., 1993) where the user can move a virtual lens over the
display to reveal dimension of the objects within the confines of the lens
that otherwise would be hidden. Magic Lenses are an example of so-called
see-through tools (Bier et al., 1994). As an example, Bier et al. (1993)
presents how the overall structure of a bridge can be visualized as a shaded
block rendering with the possibility to use different kind of lenses for dis-
play of details of other dimensions such as the underlying wireframe struc-
ture. Also, as shown in figure 3.2, lenses are not restricted to dimensional
aspects of data but can also provide focus+context display by means of
spatial transformation, such as magnification.

While Bier et al. (1993) are mostly concerned with applications of
lenses to the domain of computer graphics, Stone et al. (1994) extended
the range of application areas in such a way that it fits better to what can
be considered as information visualization proper. For instance, they show
how lenses can be used to interactively reveal font information in text doc-
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Figure 3.3: Depth of field focus+context

uments and display definitions of words in the document that falls within
the boundary of a lens.

The third group of methods for focus+context visualization concerns
methods that depend on cues rather than spatial distortion or dimension-
ality of data. A recent example of a visual cue oriented approach to focus-
context is presented by Kosara et al. (2002). As is the case with fisheye
views, they draw on analogies of optical phenomena to guide information
visualization design. However, they are not concerned the distortion effect
of wide-angle lenses. Rather, their point of departure is the depth of field
phenomenon that make some objects in a scene appear sharp while others
come out as blurry depending on the specifics of the lens used and the dis-
tance of the objects from the lens. To put it differently, some objects are
out of focus, whereas some are in focus. The main thrust of their approach
is that—in place of spatial distance—they address relevance of text. Figure
3.3 shows a screen shot of one implementation of their method. In this
particular example the display shows the result of a search for keywords in a
text. The found keywords are reversed and the sentence with the keyword
in focus is presented as a visually sharp rendition of the text. The rest of
the text is blurred with the effect that the text in focus stands out as more
salient compared to the context, which is still there to be seen.

In addition to the text viewer prototype Kosara et al. (2002), have
implemented focus+context based on depth of field visualization for scatter
plots, file systems viewers and map viewers.
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3.3 Theoretical approaches to information visualization

The discussion of previous work in information visualization research has
so far been concentrated on techniques, methods and illustrating artifacts.
In this section I will continue with previous work but with the focus set on
more theoretical approaches. What do I mean by theoretical approaches? A
theoretical approach could—for instance—be a research contribution that
aims at making a contribution of a general and lasting kind. Such a con-
tribution could be of an explanatory, taxonomic kind or aiming at more
directly informing design of information visualization artifacts. Also, a
theoretical approach—in the sense used in this thesis—could also be man-
ifested as an attempt to embody a theory in the design of the visualiza-
tion artifact. The differences between these two ways—that very well may
coincide—is that the first one aims at generality whereas the latter aims at
informing and grounding design in a general and stable foundation.

Taxonomies of Information Visualization

A taxonomy, understood as a systematic classification of a range of phe-
nomena, serves as an orderly layer of abstraction of an otherwise seemingly
disorganized wealth of instances. This was true in the eighteenth century
for Linneus—known as the father of taxonomy—in his classification of
organisms in nature, and most likely for contemporary information visu-
alization research as well.

There are some existing information visualization taxonomies that in
different ways make it possible to think and talk about visualization ar-
tifacts on a level of abstraction higher than what the particular artifact
instantiations have to offer. One such example is presented by Tweedie
(1997). Tweedie’s taxonomy aims at classifying what she refers to as in-
teractive externalizations. The use of the term is to be understood as syn-
onymous with information visualization artifacts, but is a way to stress the
interactive aspect of the kind of visualizations the taxonomy is concerned
with. The taxonomy classifies different information visualizations in terms
of the type of data that the visualization visualizes, the characteristics of the
visible feedback and the kind of interactivity offered by the visualization in
question.

Leung and Apperley (1994) present an extensive review and taxon-
omy of spatial distortion techniques used in focus+context visualization,
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including—but not limited to—fisheye views. This taxonomy is much
more specific in that it does not aim at classifying all possible kinds of
information visualization artifacts. Rather, the taxonomy is designed as
to capture the space of different techniques for providing focus+context
displays of data using spatial distortion-oriented techniques.

Card and Mackinlay (1997) presents a taxonomy in order to articu-
late what they refer to as the “structure of information visualization design
space”. Unlike the other examples of visualization taxonomies presented
here, the work of Card and Mackinlay is an attempt to put together a rather
formal framework that makes it possible to classify information visualiza-
tion artifacts with high degree of precision and explicitness. As such, it is
not only taxonomy but also a suggested notation—with a mathematical
flavor—for how to express different qualities of information visualization
artifacts.

Chi (2000) proposes a taxonomy for visualization techniques that de-
pend on a data state reference model. This taxonomy is a complement
to taxonomies that focus on kinds of data. By focusing on the state of
data, Chi address that various information visualization artifacts typically
involve successive transformations of data from raw value at the one end,
to a perceivable view at the other end of the visualization pipeline. These
transformations—or state changes—are realized by means of operators that
are frequent in many visualization artifacts. The point of building a taxon-
omy around the notion of data states and operators is, according to Chi,
to open up possibilities for breaking down existing visualization techniques
into more fine-grained units in terms of data states and operators. Chi sug-
gests, that these smaller units of analysis make it possible to identify and
reuse shared aspects of visualization techniques.

What is the use of information visualization such as the one presented
here? Tweedie (1997) suggests and gives examples of how here taxonomy
can be used in the process of assessing and identifying different alternatives
in the design of new visualizations. Similarly, Chi (2000) suggests that the
taxonomy he presents can be used to inform design and analysis of infor-
mation visualization artifacts by articulating and breaking down various
qualities of information visualizations. This communicative aspect of tax-
onomies is also found in Card and Mackinlay (1997) who suggests that
the field of information visualization has reached a point of maturity that
calls for a classification of work in the field.
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Above all, I think that the kind of taxonomies presented here and the
processes required to fill them with content may serve an instrumental role
in arriving at what Löwgren and Stolterman (1998) refer to as a prod-
uct semantics for information technology. The use and formulation of
taxonomies may lead the way to a vocabulary that makes it possible to
communicate with precision about information visualization artifacts.

Information foraging and cost-of-knowledge

A rigorous and theoretically oriented work in information visualization is
the information foraging theory Pirolli and Card (1999). It is not entirely
correct to frame information foraging as an information visualization the-
ory per se. Rather, information foraging theory is better described as a
theory for analysis of human information access activities in general. Such
activities may involve the use of information visualization artifacts but is
by no means restricted to this particular kind of mediation.

As the foraging term hints at, the information foraging theory draws
on and is inspired by notion from the optimal foraging theory. According
to A Dictionary of Biology (Martin and Hine, 2000), optimal foraging the-
ory originally aimed at explaining why animals in a given environment opt
for certain types of food and not others from a set of available alternatives.
The theory explains the behavior by stating that animals apply a trade-off
between the time spent foraging for food (searching, killing and otherwise
administering energy intake) and the profitability of food items. Success-
ful animals, in an evolutionary sense, are those that excel at putting such
foraging strategies into use.

Information foraging theory are concerned with human strategies in
the foraging—not for food—but for information. Information foraging
theory is a theory for analyzing the trade-offs between the costs associated
in accessing a piece of information with the value of that particular piece
of information (Pirolli and Card, 1995). The currency of the foraging
cost is typically conceived of in terms of time (Pirolli and Card, 1999) but
can also be the costs associated with other resources and the opportunity
costs that follow from selecting one foraging strategy over other alternative
strategies. The value of information can, according to my interpretation of
Pirolli and Card, often be measured as the improvement the information
has on carrying out the task in which the information is embedded.
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The information foraging theory has been used in the context of infor-
mation visualization research in several different ways. Pirolli et al. (2001)
applied a combination of information foraging and theories of visual atten-
tion to interpret the results from an eye tracking study of a focus+context
visualization artifact. The artifact—called The Hyperbolic Tree Browser—
depends on a spatial distortion technique based on a non-Euclidian geome-
try that makes it possible to display large hierarchies in a way that caters for
presentation of detail in context. The study of the focus+context browser
suggests that information foraging influenced by information scent (an-
other term with biological flavor that denotes the perceived strength of
local cues to distal information) and visual density. A study such as this
can be understood as a study that uses information visualization artifacts
as apparatus in the development of theory. On the other hand, the devel-
oped theory can potentially be used to inform the design of information
visualization artifacts that can improve on the strategies that people employ
while foraging for information.

Another example of information foraging theory put to use is found
in Card et al. (1996) who devised the Web Book and the Web Forager. The
point of departure for this work is that the Web, in spite of its tremen-
dous growth, the client tools used to access Web resources is associated
with high costs in terms of time involved to interact with and otherwise
forage for information. According to Card et al., this is particularly the
case in comparison with costs associated in corresponding interaction with
books and documents in physical personal information workspaces, but
not in comparison with the costs involved in foraging a physical library for
information.

In order to make the Web a place for more effective information forag-
ing, they developed the Web Book, which is a 3D interface element where
an aggregate of Web pages can be collected and interacted with in a book
like fashion. In addition, it allows for some interaction that physical books
do not. For instance, the contents of a Web Book can be viewed through
a document lens to get a focus+context visualization.

The Web Forager, tightly integrated with the notion of Web Books,
is a hierarchically organized workspace that provides yet another higher
level of abstraction from the single web page in addition to the aggregation
made possible by Web books. Not unlike an office environment, the Web
Forager is divided into the Focus Place for books and pages that the user is
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working on at the moment, the Immediate memory that acts like a desk in
the sense that it stores information objects that are relevant to the current
task but not in focus and the Tertiary Place where information objects of
less immediate concern can be stored.

These interface elements and this way of organizing information access
on the web is quite different from what might be considered as the typical
and prevalent means available for information foraging on the web, even
today, six years after the publication of Card (1996b). Apparently, these
and many other examples of research prototypes resist extensive diffusion,
commercially or otherwise. However, I consider the work on information
foraging theory to be very good examples of how theory can play a signifi-
cant role in information visualization research.

3.4 Signification of visualizations

The examples of information visualization artifacts and techniques dis-
cussed in the previous sections may be understood as attempts at providing
for meaningful experiences of abstract data. The taxonomies may be un-
derstood as attempts at bringing order to the wealth of work emanating
from the field of information visualization research. However, in the pre-
sented examples there is little mention about what it is that makes these
visualizations meaningful. If existing information visualization artifacts
provide means for meaningful experiences, what are the mechanisms be-
hind their meaningfulness?

These questions—and candidates to their answers—are crucial if infor-
mation visualization is considered as a way of addressing what I discussed
in the previous chapter as the demassification aspect of computerization
and virtualization. If phenomena that depended on material structures are
deprived of materiality that contributed to the meaning of the phenomena
it seems an important question ask to how to reach an understanding of
how conditions for meaningful experience can be designed and grounded
in something different than the physical materiality that computerization
has dramatically changed. It is my interpretation of the information visual-
ization research field that this question is a core issue and at the same time
it is not widely addressed. In the remainder of this chapter I will start to
elaborate on some of the problems that are associated to the undertaking
of approaching this challenge.
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Handa (1999) discusses the concept of meaning in and of architecture.
How come that one piece of architectonic structure—say, a bridge, church
or business complex—comes to be associated with a certain meaning rather
than another? These are issues that have been discussed within the philos-
ophy of architecture for a long time and that becomes just as important in
design of information technology—or massification design, as we may say.

Handa suggests that theories of architectural signification roughly can
be divided into theories of arbitrary signification and theories of natural
signification. Theories of arbitrary signification maintain that the meaning
of designed structures is not intrinsic to the structures as such. There is no
meaning independent of the one attributed to the structure in question by
individuals or cultures. According to this view, the meaning of designed
artifacts is conventional.

In contrast, theories of natural signification maintain that artifacts may
have intrinsic meaning in the sense that the actual properties (form) gov-
erning the materiality of an artifact are carriers of meaning.

Now, in what way does this distinction pertain to information visu-
alization? Jeff Conklin hints at the relevance in the following quotation
concerning issues of disorientation in hypertext browsing:

Users orient themselves by visual cues, just as they are walking or
driving through a familiar city. However, there is no natural topology
for an information space, except perhaps that higher level concepts
go on the top or on the left side, so until one is familiar with a given
large hyper document, one is by definition disoriented. (Conklin
(1987), p. 39, my emphasis)

In Conklin’s statement there seems to be what may be interpreted as an
implied subscription to a theory of conventional, arbitrary meaning. Con-
klin suggests that—in order to successfully navigate a hyper document—
users must explicitly learn what the form of the hyper document signifies.
To know how to navigate is to know a set of conventions governing the
design of the document.

3.5 Information visualization and arbitrary signification

From my reading of information visualization literature, this view appears
to be widespread in the information visualization research community. On
the one hand there is a strong emphasis of concrete representations of ab-
stract information. After all, it follows from the definitions of the field as



56

Figure 3.4: Dome Tree visualization

presented previously that this is what information visualization is largely
about. On the other hand, there appears to be a not so wide interest in the
relation between on-screen expression and signification of the expression.
It is my interpretation that most information visualization research de-
pends on conventionalized use in order to get the meaning through, rather
than being designed as to cater for a kind of sensemaking more elaborately
guided by the intrinsic properties of the expressions themselves.

As one illustrating instance we can once again look at the work on in-
formation foraging. As mentioned before, I consider this work to be theo-
retically very interesting and well founded. However, the theoretical aspect
is concerned with ways of framing information exploration and retrieval in
novel terms and not—to the best of my knowledge—why certain form as-
pects of on-screen expressions come to have a certain meaning rather than
another meaning.

The work by Chi (2000) uses an interesting visualization construct
called Dome Tree (see figure 3.4). Dome Trees are aimed at visualizing
large web site structures. The center of a Dome Tree represents the top
(root node) of a web site with successive concentric circles representing
sub-levels of the site. This seem to be a very apt way of presenting an
information structure in visual form once the user is informed what the
visualization is meant to express. Also, this particular visualization design
may—in and of itself—carry a certain meaning so that a user intuitively
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and without further instruction can grasp the meaning of the construct.
However, this is not what is addressed as the fundamental research concern
of the work in question.

Another example, slightly different in character, is found in Mander
et al. (1992) that suggest that pieces of information can be visualized as
piles and interacted with in a pile like manner (see figure 3.5).

Figure 3.5: Interactive pile visualization

Mander et al. motivate their design suggestion by means of alluding
to users’ alleged familiarity with physical piles of papers rather than imme-
diate organization into folders. Piles provides an interaction scheme less
rigid than the typical folder found in the ever-present desktop metaphor
interfaces and seems to be a very fruitful and complementary way of visu-
alizing and interacting with information. My interpretation of the work
as presented by Mander et al is that their design suggestion is justified by
a blend of the material and interactional qualities of physical piles and as-
sociated conventions. In terms of Handa’s distinction between theories of
natural and arbitrary signification the pile metaphor seem to come from
an implicit subscription to a theory of arbitrary signification through its
explicit capitalization on familiarity with piles.

Yet another example of what I consider to be an example of this incli-
nation of information visualization research towards arbitrary signification
is found in Robertson et al. (2000). They present The Task Gallery, an
interactive window manager that opens up possibilities of working with
activities that involve many tasks with several kinds of documents and ap-
plications.

Thus, the Task gallery is intended to support activity centered use
rather than application centric use (see Kaptelinin, 2003, for a different
approach to a similar problem). As seen in figure 3.6 the visualization used
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Figure 3.6: The Task Gallery

in the task gallery resembles an art gallery with a stage where current tasks
are presented, whereas other tasks are spatially located at walls, floor and
ceiling. Why this particular visualization? The authors present the main
motivation that it is a way of making use of human spatial cognition and
perception and that it is a familiar context:

The choice of a navigable spatial metaphor was partly motivated
by a desire to leverage human spatial memory [17]. An art gallery
was chosen because of its familiarity. (Robertson et al. (2000), my
emphasis)

It is my understanding that this dependence on familiarity is pervasive
in most work in information visualization. This familiarity can be achieved
through different ways. In the last example from Robertson et al. (2000)
familiarity is achieved by means of importing semantics from another, sup-
posedly well known, domain of experience. A similar way of establishing
familiarity is found in Mander et al. (1992). Chi (2000) seems to arrive
at familiarity in a different way by relying on learning without—in any
obvious sense—importing semantics from a specific domain, but rather
depend on more abstract visual expressions.

At this stage it might be useful to consider what the notion of conven-
tion means. A dictionary definition suggests the following account:

1. Based on or in accordance with general agreement, use, or
practice; customary: conventional symbols; a conventional
form of address.
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2. Conforming to established practice or accepted standards;
traditional: a conventional church wedding. (The American
Heritage Dictionary of the English Language, 2000)

These definitions capture the everyday usage of convention as denot-
ing a social agreement. A more thorough definition is presented by Lewis
(2002) who discusses the notion of convention at length in his book de-
voted to this one concept. Lewis discusses social conventions in the context
of resolution of coordination problems, whereof use of language is one ex-
ample.

When I write about convention in this context I refer to meanings
of expressions that are grounded in social practice, explicit definitions
or agreements. In contrast to conventional meaning, an ideal—perhaps
unattainable but useful for clarity of definition—is a kind expression, a
form that is inherently meaningful in relation to something. What that
something might be is an open issue, but the following section is an initial
attempt at framing the issue.

Insofar my interpretations of the studied information visualization work
is proper, these ways of arriving at familiarity may be understood as a de-
sign of information technology that implicitly subscribes to a theory of
arbitrary signification. It is not arbitrary in the sense that the visualization
expressions can be replaced with whatever expressions there are. Rather,
they are arbitrary in the sense of depending on conventions to communi-
cate meaning; conventions that are not necessarily embodied in the visual-
ization as such.

3.6 Designing for non-arbitrary meaning

With support from my interpretation of Handa (1999) I suggest that the
most important aspect of the distinction between theories of natural and
arbitrary signification is not which alternative is the correct one in an epis-
temological sense. Rather, the distinction is better understood as a dis-
tinction of possible stances towards design of information visualization
technology. If a designer adopts a stance close to the theory of arbitrary
signification, it should not come as a surprise if also the use of her product
depends on access to a particular set of conventions. If a designer instead
adopts a stance close to the theory of natural signification, the use would
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depend more on an exploration of the material aspects of the technology
(on part of the user) in order to get to know its meaning.

The latter stance is a difficult way to go, I believe. But it is also an
interesting way from an intellectual point of view and also an increasingly
important way. Considering globalization of information technology use
brought about by Internet services and standardized systems, the conven-
tions governing the meaning of information technology artifacts are not
necessarily readily accessible to those that are accessing the artifacts. From
that perspective, it seems justified to focus on meaning that travels with
artifacts in contrast to meaning that stays in conventional context. In the
following I will outline the reason why I believe the distinction to be of
importance and why it is of both practical and academic interest to pay
attention to an information visualization that strive for a signification of a
non-arbitrary kind.

In her treatment of arbitrary signification of architecture Handa (1999)
discusses what she considers to be plausible implications of that particular
theoretical stance. She suggests that a view of architectural meaning as
arbitrary and conventional raises issues concerning ownership, legitimate
interpretation and making of architectural artifacts. On a more abstract
level I believe that these implications are of relevance for design in general
and for design of information visualization in this day and age in particular.

In the context of architectural signification, Handa asks if it is pos-
sible to own a signification and if so, who owns it? To begin with what
could it be to own a signification in the first place? Plausibly, ownership of
signification should not be understood as possessing in the sense that some-
one can own a material artifact. Rather, in my interpretation of Handa’s
use of the ownership term, it is more closely related to having access to a
signification, to know something’s meaning. Thus—in the case of conven-
tional signification—ownership is a matter of sharing conventions among
a group concerning a designed artifact. As suggested by Handa, this can be
understood as a view that promotes cultural identity and conservation of
cultures by virtue of depending on conventions shared by a limited group
of people. The exclusiveness of belonging and “ownership” allegedly pro-
motes and maintain cultural identity. Handa suggests that this view also
implies a risk of alienation. If an artifact is designed from the perspective of
arbitrary and conventional signification the ownership of its signification
is not for those who very well may have access to the artifact but not to
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the conventions governing its signification and thereby exclude those who
may have an interest in and access to the artifact in question.

In the context of information visualization the question of ownership
seems important considering that the use context and its conventions are
not necessarily known or possible to know, especially when the visualiza-
tion technology is distributed through public networks such as the inter-
net. In such a situation it may be preferable with a signification that is
carried by the artifact and not entirely on conventions separated from the
intrinsic properties of the visualization. A design based on a stance close
to a theory of natural signification would have the ambition to realize a
visualization signification ownership that is granted by having access to the
concrete visualization and not ephemeral conventions.

Handa also discusses issues concerning legitimate interpretation of ar-
tifacts implied by the two different views on meaning, that is, issues con-
cerning what meaning is legitimate and who is to decide on legitimate
meaning. In the case of the theory of arbitrary signification, Handa sug-
gests that there is only one meaning and that is the original and intended
meaning as assigned by the designer and shared among members of a
group. Hence, the legitimate interpretation is the one that intersubjec-
tively coincides with original meaning and the legitimate arbitrator is the
designer or those who share the same set of conventions that govern inter-
pretation.

In the case of natural signification, the issue of legitimate interpretation
becomes even more elusive. The artifact supposedly carries signification
through its intrinsic properties but who is to judge what this signification
is? The legitimacy of interpretation of arbitrary signification is largely a
matter of intersubjectivity in the sense that meaning is agreed upon, but
not objective in the sense of being defined by the artifact’s properties. It is
understanding of Handa’s line of reasoning that legitimate interpretations
of artifacts—in the case of natural signification—are of an objective kind
in a dual sense. First, the meaning is in the object’s properties and, second,
it is accessible through interpretation, although not necessarily in any obvi-
ous sense. On the contrary, to get at the meaning of the object may involve
rigorous hermeneutic undertaking that aims at reaching an understanding
of the artifacts, not for what it was meant to be, but for what it is:

Understanding is not necessarily meant to reach the exactitude of
the author’s meaning, neither is it to impose the interpreter’s pecu-
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liar condition onto the object being interpreted. It is supposed to
appreciate the fact that the object is the way it is (how it has been
conceived, made, and conserved), and was made possible by other
fellow human beings. (Handa, 1999, p. 370))

I believe this to be of relevance for design of information visualization
in that it highlights the difficulties—in a given use context—to arrive at
the meaning of a specific visualization. A design based on the stance of
arbitrary signification needs somehow to be delivered with the designer’s
original intention and articulation of interpretative conventions. This is
also often the case in form of instructions that accompany a design to
guide its use and interpretation formulated in manuals, on-line help or
diagrammatic legends.

A visualization design originating from the stance of a non-arbitrary
theory of signification would—in the extreme and ideal case—aim at pro-
viding the means for meaningful experiences without relying on commu-
nication of conventions for interpretation and instead providing the means
for legitimate interpretations through the visualization artifact in itself.

Yet another implication that Handa identifies as following from the
distinction between natural and conventional signification concerns the
authenticity and making of designed artifacts. By authenticity of an object
she refers to the integrity of the object shaped by the process behind it and
the material configuration. As an example of my interpretation of Handa,
we can look at letter shapes. The wear and tear of lead types, designed and
produced according to tradition give rise to letter shapes where imperfec-
tion of the lead material may add to the aesthetics of the resulting letter
shapes. An electronic typeface could manifest exactly the same shape, but
with aesthetic imperfections made by design and not material necessity.
The latter would be a less authentic letter shape.

It is not obvious what authenticity pertains to in the realm of informa-
tion visualization with no actual material properties. However, I suggest
that visualizations that depend on familiarity of another context—say piles
or desktops—may be considered less authentic in some sense compared
to visualizations that are self-contained when it comes to signification. By
alluding to a different context, conventions may be imported to support
conventional interpretation of visualization. However, the visualization’s
signification is realized by means of mimicry and is not authentic. For in-
stance, the interactive piles of Mander et al. (1992) discussed previously,
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imports their interactional qualities from a materiality that is no longer the
case. In this sense, the virtual piles are fake piles. Obviously, this sup-
posed lack of authenticity need not be a problem, but perhaps it may be a
characteristic of visualizations designed from a perspective of conventional
signification? The question is what dimensions other than materiality to
judge authenticity against? What is real in a virtual world?

3.7 A further articulation of massification design

My ambition with this chapter has been the following. First, I wanted to
give a brief overview of the field of information visualization research in
terms of definitions and the kinds of work that are typical for the field.
I think this is important as my view of the field may be slightly different
from what I take to be a more common view. So, in order to provide a
point of reference for my own contribution to information visualization
research this overview has been included in the thesis. Second, in order to
grasp the role of theory in information visualization I have discussed what
I consider as relevant examples of such theoretically oriented work.

Above all, my interpretation suggests that there is an open challenge
concerning theories of the meaning of visualization expressions that do
not depend on what I have referred to as conventional signification or
meaning.

At this stage, the notion of massification design, introduced in the pre-
vious chapter can be further articulated. To that end, I will make use of
the model presented in 3.7.

The horizontal dimension of the matrix concerns the artifact’s mobil-
ity. This includes, but is not confined to, the sense of mobility as being
portable in the way a PDA or mobile phone is portable. It also includes a
more general sense of mobility concerning the artifact’s capacity to travel
across space, time and, and through global networks such as the internet.
As such, this notion of mobility is rather close to the sense of mobility as
presented by Latour (1999) and discussed by me in the previous chapter.

The vertical dimension of the matrix concerns the mobility of an arti-
facts’ meaning. The notion of a mobile meaning denotes a meaning that
is expressed by an artifact. Similarly, the notion of immobile meaning is a
meaning not expressed by the artifact, but rather governed by interpreta-
tive conventions external to the artifact as such.
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In the vocabulary of this thesis, computerization involves demassifica-
tion and as possibility to mobilize artifacts as indicated by the gray arrow.
However, the mobility concerning artifacts does not necessarily concern
the meaning of artifacts. It seems plausible from my interpretation of
Handa (1999) that visualization artifacts designed from the stance of con-
ventional meaning is at risk ending up in that situation, that is, a situation
where artifacts are detached from the conditions governing legitimate in-
terpretations. By means of using the model of figure 3.7, demassification
can be understood as a transition from the upper left cell (immobile mean-
ing, immobile artifact) towards the upper right cell (immobile meaning,
mobile artifact).

What I have put forward in this chapter is that information visual-
izations may be accessible as artifacts by means of being mobile but that
the conventions governing interpretations of the visualizations artifacts do
not necessarily travel with the artifact. Massification design, may be un-
derstood as a design ideal that strives towards artifacts that are designed in
such a way that they, through their form, bear witness of their meaning.
Put differently, massification design strives towards design of information
visualization artifacts where not only the artifact is mobile, but also its
meaning.

As an endeavor, massification design may be understood as an attempt
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Figure 3.7: Massification design as mobilization of meaning
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to accomplish a transition from the upper right cell, towards the lower
right cell (mobile meaning, mobile artifact). What I have made my un-
dertaking is to pay attention to the possibilities of designing information
visualization where both artifact and its signification are mobile; where ar-
tifact and meaning travels together and, hence, located in the upper left
cell. Such an undertaking is in essence an ambition to make meaningful
massification design possible.

Without elaborating on the issue, one might wonder what it would
be for an artifact to be located in the lower left cell, that is, immobile
artifacts, with mobile meaning? If there even are such artifacts, perhaps an
ancient monument like Stonehenge comes close. It is definitely immobile
as an artifact and its meaning seems immobile in the sense of not being
expressed by the monument as such.

Obviously, this model on mobility of artifacts and their meaning is
extreme in the sense that it outlines ideal and perhaps unattainable kinds
of artifacts. But I think it serves the purpose of quite concisely express-
ing what I mean with massification design as an ideal and its relation to
demassification.

3.8 Conclusion

So, with this chapter my aim has been to make a case for the need of initia-
tives in information visualization research that emphasizes and elaborates
on the possibilities for a realization of a design ideal that do not entirely
depend on interpretative conventions. Handa (1999) writes:

One can design an architectural piece in such a way that it will
have physical properties in itself that support the signification by
convention. A viewer then has a chance of experiencing the piece
for its own sake, as well as for its conventional signification. This
will make the piece of architecture available and accessible instead
of alienating. (Handa (1999), p. 370)

This quotation serves as backdrop for asking what I consider to be a
fundamental question for information visualization research: Is it possible
to design information visualization artifacts in such a way that it will have
experiential properties in itself that support conventional meaning as well
as non-conventional meaning? Could there be such thing as a meaningful
experience of information visualization technology that does not depend
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on pure convention and thereby opens up the possibility for meaningful
IT experiences for a wider gamut of users?

This design ideal, to infuse artifacts with qualities that make them self-
contained with respect to their meaning is exactly that, an ideal. To strive
towards such an ideal is—to speak with Margolin (2002)—to follow the
path of early modernist designers:

Early modernist designers believed that meaning was embedded in
the object rather than negotiated in the relation between the object
and the user. (Margolin, 2002, p. 108)

To address these questions I have opted to look for a theoretical foundation
that could inform the realization of such a design ideal. However, it is not
at all obvious that artifact can be embedded or embodied with meaning.
This issue, will discussed in chapter 7, where I opt for a view that instead
takes meaning to be expressed by artifacts, rather than embodied by them.
The question is what kind of theoretical foundation that can be used to
inform design of artifacts in such a way that the expression of meaning is
not arbitrary?

In the following chapter I review what I consider to be a background
for such a theoretical framework that has been pervasive in human-computer
interaction in general but that also seems to have been influential in infor-
mation visualization specifically.
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A THEORETICAL BACKGROUND FOR

MASSIFICATION DESIGN

4.1 Introduction

Massification design, as formulated in the previous chapters, is above all a
design ideal. It articulates a kind of design that strives towards information
visualization artifacts that bear witness of their own meaning. As such,
massification design is an ideal concerning qualities of the product, but it
does not articulate how one can arrive at those qualities.

As suggested in the previous chapter, a realization of the ideal calls for
a foundation, a theory that can inform design of information visualization
artifacts in order to arrive at non-arbitrary expressions of abstract informa-
tion.

The main problem of this thesis concerns an investigation of a candi-
date to an informing theory for massification design. Most certainly there
are other candidates, but the one I am investigating is embodied realism.
Although I have chosen to focus on one singular theory, rather than a
comparison of several candidates, there is what I think of in terms of a
theoretical background to massification design that I take to be important
in order to convey what kind of an ideal massification design is.

In this chapter I will outline such a background. It takes it departure
in what can be referred to as cognitivism. The chapter presents an account
of how cognitivism has been influential in human-computer interaction
and also reactions against cognitivism as a theoretical foundation. Largely,
these reactions can be said to be constituted by approaches that emphasize
the particularities of different use contexts. In contrast, to both cognitivism
and reactions against it, massification design is articulated as an ideal that
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emphasizes universality.

Cognitivism: cognition as information processing

The influences from the cognitive sciences on HCI have traditionally been
very strong, especially in the formative years during the 1980’s. High hopes
were invested in the cognitive sciences to serve as a theoretical and method-
ological basis for HCI as an engineering discipline. Above all, the seminal
work of Card et al. (1983) came to have considerable impact on HCI re-
search, but also on HCI practice although to a lesser extent. The kind of
cognitive sciences that influenced HCI at this time were largely based on
an information processing view of cognition that recently has been ques-
tioned. In the following I will refer to these assumptions as cognitivism.

In their treatment of cognitivism, Varela et al. (1991) summarize the
essence of the cognitivism research program by means of three question-
answer pairs. The first question concerns what cognition is and is answered
by asserting that cognition is to be understood as information processing.
The ‘processing’ part is not just any transformation but a rule-based, al-
gorithmic kind of manipulation. The ’information’ part refers to symbolic
representations of that which is the object of cognition.

The second question concerns the implementation of cognition. Ac-
cording to Varela et al., the cognitivist program does not reduce cognition
to an activity that occurs in a brain. On the contrary, cognition cannot be
reduced to any particular physical implementation, such as dendrites and
axons. Axons and other neuronal physical properties of brains successfully
realize cognition by virtue of being manipulable, symbolic representations.
A similar cognitive system could be possible, even if implemented in a
fundamentally different ‘hardware’ as long as the symbolic representations
are maintained and manipulable according to the same rules. Thus, the
content—the semantics—of a symbolic representation is not of concern
for the cognitive system per se because all manipulations act on the physi-
cal placeholder for information, not the information itself.

This leads to the third question that concerns how one is to assess
the quality or adequacy of a cognitive system if cognition is a mindless
shuffling of physical representations? The cognitivist answer, as suggested
by Varela et al., is that the success or otherwise of a cognitive system is
determined in relation to its performance in carrying out a given problem.
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It seems, in my interpretation, that the assessment of a system’s cognition
implies an observer external to the system.

These assumptions regarding cognition have permeated research within
the traditional, old-school, artificial intelligence (AI) field. Indeed, it may
be argued that these assumptions made the endeavor of the AI project
seem to be worthwhile in the first place: if cognition, the act of think-
ing, is a rule-governed processing of symbolic representations, why should
not computing machinery-that excel at that kind of processing-be able to
think? To mention a classic example, Newell and Simon (1976) formu-
lated the Physical Symbol System Hypothesis:

The Physical-Symbol System Hypothesis: A physical-symbol sys-
tems has the necessary and sufficient means for general intelligent
action. (Newell and Simon, 1976, p. 111)

The crucial point of Newell and Simon’s hypothesis is that it is not
only possible to create intelligent artifacts in the form of physical sym-
bol systems, but that anything that exhibit “general intelligent action” will
upon analysis turn out to be an information processing physical symbol
system. By the expression ´´general intelligent action”, Newell and Simon
refer not only to very well defined and constrained logic puzzles but to the
genuine article; intelligent action as exhibited by human beings.

In Gardner’s (1985) discussion about the visions of Newell, Simon and
associated scholars, physical symbols systems of this kind have the capac-
ity to input and output symbols (that is, physical objects), to store sym-
bols that can be manipulated using a number of operators that are carried
out by a control. It is striking how this description resembles any intro-
ductory computer science or informatics text book’s schematic description
of a computer. However, what Newell and Simon describe is not just a
computer, but also the structure of intelligent systems. This description
includes both human and computers.

Cognitivism, as described here and elsewhere, has been manifested in
several different disciplines. Varela et al discuss the pervasiveness of cogni-
tivism in AI, brain sciences, psychology and psychoanalysis (Varela et al.,
1991, pp. 43–48). In all fairness, my description is brief and by necessity
incomplete. A more thorough elaboration would do more justice to the dy-
namics between different disciplines from which cogntivism emerged, for
instance psychology, computer science and linguistics. However, for the
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present purpose I think the description suffices to serve as a backdrop and
context to appreciate some well known, seminal results of HCI research,
yet another area where manifestations of cognitivism can be found.

4.2 Cognitivism in human-computer interaction

Recently, several researchers have noted, and reacted against, cognitivist
assumptions of man, mind and interaction in HCI research. John Water-
worth (1997a) suggests that while contemporary research in AI and cogni-
tive science increasingly has left the cognitivist assumptions behind, HCI

still cling to the notion of cognition as processing of symbolic informa-
tion. According to Waterworth, this is unfortunate because it emphasizes
the human ability of abstract thinking while downplaying the ability to
experience the world by means of perception and sensori-motor skills (Wa-
terworth, 1996).

The model human-processor

A major contribution to HCI that can be interpreted as stemming from
a cognitivist perspective is the model human processor. The model human
processor was first formulated by Card et al. (1983) as an attempt to em-
body what was known about cognition at that time in a model of computer
users that could be used in HCI research. By and large, the model human
processor can be understood as a kind of paradigmatic example of early,
cognitivistic HCI. In the following I will briefly outline the model and its
potential use.

The model, as depicted in figure 4.1, consists of three different sub-
systems: a perceptual system, a cognitive system and a motor system. First,
the perceptual system serves as a conduit or interface to the world exter-
nal to the human computer user. As such, it has a perceptual processor
that transforms sensations of the world into symbolic representations that
can be stored in perceptual buffer stores or perceptual memories tied to the
perceptual system. Second, the cognitive system is a central part of the
model as it processes the symbols acquired from either the perceptual sys-
tem’s buffer memories and transferred to the working memory, or from the
long term memory via the working memory. A cognitive processor carries
out the symbol processing according to a set of operating principles. Third,
the motor system with its motor processor is—much like the perceptual
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system—an interface to the external world but in the reversed direction.
Put differently, the motor system provides the means to not only sense the
world but to also respond to it and change it.

The Model Human Processor is partly a qualitative kind of model; it is
an approximation of how the human mind is constituted regarding func-
tional aspects as they pertain to human-computer interaction as an activity.
The model is also quantitative with respect to its use and operating princi-
ples. Card et al. (1983), identify ten different such principles. For instance,
Fitt’s law is presented as one such principle and concerns the duration in-
volved in moving the hand to a target of a certain size, a certain distance
away from a starting location. Although revised in different ways and for
different purposes, Fitt’s law is a very accurate instrument for predicting,
say, the time it takes to reach a GUI push button of a specific configuration
in terms of size and position with a pointing device such as a mouse.

Another operating principle of the model is the Power Law of Practice.
The Power Law of Practice is a relationship that predicts the time it takes
to complete a specific task given a specific number of preceding trials. In

Figure 4.1: The model human processor (Card et al., 1983)
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a HCI context, this quantitative measure can be used to inform designers
on the shape of learning curves for different tasks. However, it is not the
operating principles themselves that are of interest in relation to this thesis,
but the examples may give a flavor of how and what the model human
processor models.

It is striking how close the model resembles a functional description of
a computer. There is almost a one-to-one correspondence between func-
tional blocks of a von Neumann computer and components of the model
(see for instance Englander, 2000). The perceptual subsystem maps well
onto the input interfaces of a computer (keyboard, mouse, network, et
cetera) with associated buffer memories. In a similar fashion, the motor
subsystem seems to correspond to output interfaces for devices such as
display, printer and speaker. The cognitive subsystem has apparent sim-
ilarities with a central processing unit (CPU) of a computer that controls
and performs the actual symbol processing in a computer by working on
what is stored in primary memory (working memory in model terms) or
secondary memory (long term memory).

However, it is not the computer that is modeled by the model human
processor. It is alleged relevant aspects of computer users that are being
modeled. I think it would be wrong to understand the computer as a
metaphor or simile for these aspects. The apparent computer similarities
are not there for pedagogic reasons. According to my interpretation of this
model, humans and computers are rather to be understood as instantia-
tions of one and the same kind of system: physical-symbol systems.

Based on this description, I think it is fair suggestion that the model
human processor rests on a cognitivist foundation. It is very much an ar-
tifact stemming from an information-processing paradigm that gives em-
phasis to certain aspects of HCI and at the same time excludes other aspects.
Above all, this kind of user modeling highlights quantitative measures of
performance over qualitative measures of experience.

Task analysis and GOMS

Traditionally, research in and practice of HCI have, among other inter-
ests, been concerned with techniques for describing how users go about
accomplishing tasks using different interface designs. These techniques are
collectively known as task analysis techniques (TA). One such technique
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sprung directly from the model human processor and is called goms (Card
et al., 1983). GOMS is an acronym for Goals, Operators, Methods and
Selection rules and is a technique for modeling the procedural knowledge
of users, that is, the knowledge involved in carrying out a task. GOMS
has come to denote, not only one single TA technique, but rather a family
of techniques. John and Kieras (1996) present an overview of different
variants of GOMS methods.

As noted by Kieras (1997), a GOMS analysis can be carried out on
a number of different levels, ranging from the low-level analysis of the
Keystroke-Level Model (Card et al., 1983) to a more complex unit of analysis
such as found in CPM-GOMS (John and Kieras, 1996).

In spite of individual differences, the GOMS family varieties have that
much in common that users’ tasks can be analyzed and modeled in terms
of goals, operators, methods and selection rules. The notion of goal is to be
understood in its most plain interpretation; a user wants to achieve some-
thing, say, write a document, copy a file or changing the background color
of the desktop. As my examples suggest, goals can be at different levels
and may need to be broken down into manageable sub-goals. A goal is
assumed to be achieved by following methods of operators, that is, ordered
sequences of atomic actions. Examples of such actions include, depend-
ing on the level of analysis, pointing device movement and placement,
clicking, holding and releasing mouse button, issuing a command at the
command prompt, and so forth. At occasions when several methods can
be applied to achieve a goal, the modeled user selects methods by means
of following explicit selection rules that are conditionals that determine
which method to follow given a particular circumstance.

Figure 4.2: An example of a GOMS analysis (adapted from Card, 1996a)
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The example in figure 4.2 shows how a GOMS analysis of a text editing
task may look like. Such an analysis can serve as a basis for CALCULATING

an approximation of, say, how long time it will take to carry out the task
without involving any actual users. Of course, comparing an analytic result
with an empirical measurement can validate the approximation, but that
is beside the purpose of GOMS.

The reasons that may seem to motivate an approach such as GOMS
include the possibility to evaluate and make predictions of systems use
on the specification stage of a design process without the need to involve
users or system prototypes (John, 1995). This becomes possible because
at the heart of the GOMS family, there is an underlying assumption of
users—typically skilled ones—as information processors that can be spec-
ified and relevantly modeled. By mapping these models to specifications
of interface design alternatives, it is possible to make qualitative (“better”,
“worse”, “complex”) and quantitative (“faster”, “slower”) statements about
the design alternatives relative to specific tasks.

An seemingly cognitivist legacy of the NGOMSL member of the GOMS
family is the subscription to the view of humans and computers as largely
functionally equivalent information processing systems:

One important feature of the NGOMSL models is that the “how to
do it” knowledge is described in a form that can actually be executed
- the analyst, or an appropriately programmed computer, can go
through the GOMS methods, executing the described actions, and
actually carry out the task. (Kieras, 1997, p. 734)

Given the information processing view of a human user, the whole
prospect of GOMS and similar TA techniques becomes very attractive, not
least from an economical standpoint. Not only does GOMS provide a
framework for analyzing and assessing human performance in carrying out
various tasks with a system. It also promises to accomplish this without
actual, flesh and blood users and without an actual system or prototyp-
ical systems. How is that? One way to look at it, I suggest, is that the
cognitivist legacy of HCI implies an understanding of the HCI activity as
a particular kind of interaction between two physical symbol systems; an
interaction between two information processors. These processors could
be distinguished from each other in terms of what part is active or reactive,
or in terms of action and presentation languages.
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However, what I find interesting is not just the differences but also
the similarities between the two. If we accept that both the user and the
computer are physical symbol systems in the Simon and Newellian sense,
we can think of the two interacting parties as potentially possible to de-
scribe and specify explicitly in terms of their respective characteristics. A
description of the computer would be a description of its design in terms
of supported operators, screen layout, state transitions, and so on. A de-
scription of the user part would be a description of its operating principles
(Fitt’s law, the Power law of practice, et cetera), its goals, methods and se-
lection rules.

If the two interacting information processors are equally specifiable,
the prospect of predicting quantitative aspects of their mutual interaction
becomes a very feasible endeavor. Seemingly, it would open up the possibil-
ity for learning a lot about the interaction between users and systems with-
out even implementing costly prototypes, without even evaluating with
costly "real" users. However, the feasibility hinges largely on a cognitivist
assumption: in the context of HCI activities, human users can relevantly be
understood as information processors, as physical symbol systems. As will be
shown below, this assumption is not without problems.

4.3 Responses to cognitivist assumptions of HCI

Cognitivism has been and still is the subject of severe criticism and de-
bate. For reasons of brevity I will not go into any detail about contend-
ing paradigms other than what I refer to as situated and embodied cogni-
tion. One such paradigm is connectionism (see for instance Rumelhart,
1989) that explains cognition as an emergent property of local interac-
tions amongst simple, networked entities. The connectionist approach is
an equally disembodied view of cognition as is cognitivism, in as much
as it does not state or depend on any particular material implementation
of a network. Grey matter of axons, dendrites and other neuronal sub-
stances is one possible implementation as is a neural network of artificial
software agents interacting in a complex, computational environment. It
seems likely that connectionism has found its manifestations in HCI in
various ways, although not always as obvious as in the case of cognitivism.
Some researchers in the area of hypertext and hypermedia have praised the
virtues of hyperlinked information objects by alluding to structural simi-
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larities between the way cognition and hypertext information is organized.
McKendree et al. (1995) refer to this kind of allusion as a “homeopathic
fallacy”. There are also examples where the quality of commercial infor-
mation visualization software is marketed by means of referring to its func-
tional similarities with the brain. In the particular example shown below
from the product The Brain, different nodes—or ´´thoughts” to use the
vocabulary of the producer—can be connected and organized in relation
to each other.

Figure 4.3: A screenshot from The Brain with connected “thoughts”
(http://www.thebrain.com)

The cognitivist influence on HCI has been criticized on a number of
different accounts. Landauer (1991) even goes as far as to question if the-
ories of cognitive psychology have anything to contribute to the design of
HCI:

For the most part, useful theory is impossible, because the be-
haviour of human-computer systems is chaotic or worse, highly
complex, dependent on many unpredictable variables, or just to
hard to understand. (Landauer, 1991, p. 60)
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Landauer’s position is that theoretical constructs such as Fitts’ and
Hick’s law, the Power Law of Practice and various theories of perception
are neat and tidy theories that do not map very well onto actual and messy
use contexts. Landauer acknowledges that such theories may be of some
utility, but that in the light of what can be achieved with more formative
and empirically driven and iterative design approaches, the alleged benefits
of theory driven design are relatively marginal.

A criticism that in a vein similar to Landauer, recognizes the general
messiness of everyday use contexts (in contrast to controlled laboratory set-
tings) is presented in Suchman’s seminal work Plans and Situated Actions
(Suchman, 1987). The main thrust of Suchman’s censure is, in my inter-
pretation, that the models of interaction rely too heavily on the assumption
that humans’ intentions (including plans) can be accurately represented by
means of computers. For instance, if a computer can accurately represent
intentions of its user, that capacity could potentially be used to improve
on human-computer dialogue of different kinds. However, as Suchman
advocates, computers tend to escape the richness and situatedness of hu-
man action—socially and spatially—and thus fail to accommodate users’
needs. As an alternative to rigorous, yet incomplete, representation of
plans, Suchman suggest that plans should be considered as resources for sit-
uated actions, not blueprints. Concerning the role of theory, it seems to be
Suchmans position that the situated character of action evade an abstract,
theoretical description. Situated action, Suchman suggests, is better under-
stood by studying it in its actual habitat by means of ethnomethodologi-
cally inclined research programs (Suchman, 1987, pp. 49–51). Needless
to say, this view of humans and human actions do not reside in the realm
of cognitivist assumptions about humans as mechanistic information pro-
cessors. Whereas the cognitivist assumptions, as manifested in the Model
Human Processor and the GOMS family of task analysis techniques, are
largely void of context and dissociated from actual use contexts, Suchman’s
view stresses the importance of understanding HCI in its proper associated
context.

Another approach that, like Suchman, stresses the importance of widen-
ing the unit of analysis is activity theory. Kaptelinin (1996) analyzes the dif-
ferences between the information processing oriented view of what Kaptelinin
calls the “cognitive approach” and the cultural-historically inclined focus
on tool mediation of activity theory. Kaptelinin points to the observation
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that people do not typically interact with the computer for the sake of it,
but as a way of achieving a higher-level goal:

Therefore, the subject matter of HCI should not be a closed sys-
tem of "user-computer" but should include the meaningful context
of the user’s goals, environment, available tools, and interactions
among other people. (Kaptelinin, 1996, p. 49)

Kaptelinin does not suggest that the cognitive approach to HCI implies
a view that people use computers as an end in itself. On the contrary, he
even points out some similarities between the bonafide cognitivist theory
of GOMS and activity theory. The point is rather, as I understand it, that
activity theory stresses the toolness of computer mediation. Given such
a perspective, other aspects than information processing ones come into
focus, without denying the relevance of information processing aspects. As
Kaptelinin hints at, the differences between the cognitivist approach and
activity theory is largely a difference concerning the subject matter HCI;
the two perspectives are—by and large—about different phenomena.

Bannon (1991) suggested a shift from a dominating HCI focus of hu-
man factors and ergonomics in favor of the notion of human actors. In
part, Bannon’s position is a call to acknowledge that human user’s are skill-
ful social individuals with values that are situated in settings more complex
than neat and tidy laboratory environments:

Understanding people as actors in situations, with a set of skills and
shared practices based on work experience with others, requires us
to seek new ways of understanding the relationship between peo-
ple, technology, work requirements and organizational constraints
in work settings. (Bannon, 1991)

Above all, Bannon objects to what he considers to be a too simplistic
view of users regarding their skills and the way these skills are managed in
design of information systems.

Yet another criticism of cognitivism in HCI, is put forward by Water-
worth (1997a). He advocates for a focus on sensual ergonomics in HCI,
rather than on cognitive ergonomics that he finds typical of HCI. A sensual
ergonomics is, according to Waterworth an ergonomics that acknowledge
that the activity of HCI is not primarily about helping people to think
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better, but about providing a rich, sensual—in the sense of perceptually
rich—experience of the human-computer interface.

4.4 Computational and experiential aspects of information technol-
ogy

These examples of responses to—and the distancing from—the cognitivist
tradition seem partly motivated by reasons pertaining to a widened scope
of the unit of analysis. However, there are also reasons that are probably
not best described in terms of “turns to the social” or the like. Reagardless
if we consider individuals or groups, the use of information technology is
increasingly characterized by qualities that call for other frameworks than
those that describe use as pure information processing, users as pure infor-
mation processors.

As suggested earlier in this chapter, cognitivist HCI implies a view of
not only the machine as an information processor but also a view of the
mind and the user as information processing machines. Given that stance,
cognitivist HCI has, as described in this chapter, succeeded in developing
methods and theories with the capacity to account for use that are informa-
tion processing oriented, but not all use is information processing oriented.
It seems plausible that it would be feasible to distinguish between compu-
tational aspects of information technology (that is, the possibilities and re-
alisations of computation and symbolic processing) and experiential aspects
of information technology, that is, those aspects of information technology
that pertain to meaning and subjective experience of the technology.

But how are we to account for the experience of use? The notion of
experience may have an intuitive appeal, but how are we to articulate what
experience is and how it differs from meaning in the cognitivist sense? I
have found the work of the philosopher Gendlin (1962) very insightful
concerning these questions.

Gendlin’s quest is not to do away with the notion of cognition as
logic symbol processing. Rather, he advocates that an adequate account
of meaning need to take into consideration the notion of experience:

We must investigate prelogical, “preconceptual” experience as it
functions together with logical symbols, but not substitute one for
the other. (Gendlin, 1962, p. 3)
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For Gendlin, experience is about felt meaning. Alongside the relation
between symbols and objects (as in the cognitivist tradition), felt meaning
refers to a dimension of meaning that concerns the subjective experience of
meaning. By making this distinction, Gendlin stresses that meaningfulness
is always meaning to someone; felt meaning is something that is had by an
experiencing subject.

If we are to make a distinction between the computational and expe-
riential aspects of information technology, it seems likely that it is the felt,
experienced meaning that is important to study.

Towards embodiment

The cognitivist view of mind implies a fundamentally disembodied phe-
nomenon where perception, cognition and action are emphatically sepa-
rated. As suggested by Waterworth (1997a), research areas such as AI and
cognitive science have largely abandoned the cognitivist assumptions in fa-
vor of more empirically and ecologically valid alternatives. I have presented
examples of research related to HCI that in a different way and for different
reasons indicate a shift away from cognitivist assumptions.

In chapter 2 I discussed Distributed Cognition (DCOG) as one of sev-
eral examples of research that indicates the importance of taking material
aspects of context in consideration to better understand and design HCI.
The distributed characteristics of DCOG can also be discussed in terms of
situatedness. Cognitive activities are situated in a temporal, spatial and so-
cial setting. By extending the unit of analysis and the notion of what is to
be considered as ‘cognitive’, DCOG diverge from the cognitivist assump-
tion of cognition as a largely mechanistic processing of symbols although
the central notion of representations is preserved. While the cognitivist
view, as manifest in the model human processor, considers perception and
motor action as interfacing conduits to the external world, DCOG does
not seem to subscribe to the view of perception and motor system as serv-
ing and feeding the cognitive system. Quite the contrary, cognition in
action—on the DCOG account—is largely about perceiving and making
dynamic imprints on the world.

Another central notion in this context is that of embodiment. The cog-
nitivist view of mind and cognition is by and large a disembodied view of
cognition. Cognition is seen as an information processing phenomenon
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independent of the material qualities of its implementation, independent
of its embodiment. This view has been challenged from a number of dif-
ferent academic fields that stress the embodied nature of cognitive systems.
Generally speaking, the notion of embodiment typically refers to an ac-
knowledgement that the character of cognition and the particular material
constitution of the cognizing subject and its environment are dependent
on each other in a non-trivial sense. As such, an embodied view of mind
and cognition is opposed to the Cartesian dualistic division of the world
into physical substance on the one hand and thinking substance on the
other hand. In comparing an embodied view with my outline of cogni-
tivism, it seems plausible to suggest (as, for instance, Varela et al. 1991 do)
that cognitivism carries a Cartesian legacy in as much as it subscribes to
the view of cognition as a phenomenon that is possible to abstract from
its material realization. On the other hand, as the physical-symbol system
hypothesis states, cognition can be realized by means of engineering. A
view to which Descartes would most likely object.

The notion of embodiment can be addressed on a number of different
levels. Clark (1997) presents an overview of how embodiment increasingly
infuses different research disciplines. Clark even suggests that a new kind of
cognitive science is about to emerge, “a cognitive science of the embodied
mind” (Clark, 1997, p. xiii).

In comparison with cognitivism, situated and embodied cognition taken
together seem to adhere to a more phenomenologically inclined view of
mind and action in stressing experiential aspects of life in addition to in-
formation processing aspects. As argued elsewhere in this thesis, the design
of concrete representations of abstract concepts could most likely benefit
from a guiding framework with roots in experientially oriented theories.
In the following chapter, I will in discuss one such theoretical strand—
embodied realism—that puts an emphasis on the embodied characteristics
of mind.

Embodied interaction

A recent example emphasizing embodiment in the context of human-
computer interaction is presented by Paul Dourish. Dourish (2001) advo-
cates that two recent trends in HCI—tangible and social computing—are
better understood as belonging to one and the some paradigm: embodied
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interaction.
By tangible computing Dourish refers to the class of emerging appli-

cations where the concrete, interactional qualities of physical objects are
merged with the computational qualities associated with computers. Ex-
amples of tangible computing include seminal work by Mark Weiser of
Xerox Parc on ubiquitous computing (see for instance Weiser, 1994) in-
volving research and development of computational devices such as active
badges, computationally enhanced writing pads and wall-boards. Other
examples include the Tangible Bits research vision of the Tangible Media
Group at MIT Media Lab (Ishii and Ullmer, 1997).

Social computing refers largely to the kind of reactions to cognitivist
approaches to HCI presented earlier in this chapter. Dourish account of
social computing denotes approaches that theoretically are informed by
theories addressing social issues rather than individual ones. Thus, the
theoretical locus of social computing is in sociology and social psychology
rather than individual psychology, with an application focus on communi-
cation, coordination and collaboration.

One might ask what these two HCI trends have in common, consider-
ing that tangible computing is typically quite strong on the technical side
without necessarily stressing the role of theory, whereas social computing
typically emphasizes theory and methodology? Dourish suggests that the
similarity is in the—more or less explicit—adherence to and dependence
on embodiment. Dourish approaches an understanding of the embodi-
ment concept by first formulating an intentionally naïve defintion:

Embodiment means possessing and acting through a physical man-
ifestation in the world. (Dourish, 2001, p. 100)

This may superficially seem to be the defining character of tangible
computing, but as Dourish argues, it is not the physical characteristics per
se that captures the essence of what it is for something to be embodied.
For instance, communication, conversation and interactive phenomena in
general are typically situated in and ordered by both time and space. Thus,
as a more adequate definition, Dourish suggests the following:

Embodied phenomena are those that by their very nature occur in
real time and real space. (Dourish, 2001, p. 101)
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If the previous definition was too exclusive, a definition such as this
captures just about anything, in my interpretation. The embodied aspect
of tangible and social computing is—however— neither primarily, nor es-
sentially about spatial and temporal locus of action, but rather about those
aspects of situatedness that make a phenomenon meaningful to someone:

Embodiment is the property of our engagement with the world that
allows us to make it meaningful. (Dourish, 2001, p. 126)

This definition brings to light Dourish’s appreciation of embodiment
as something that is not just a description of embodiments as a phenomenon’s
spatio-temporal whereabouts, but rather to a relation of meaning and agency
in a physical and social reality. Dourish refers to this kind of engagement
as having participative status. Given this understanding of embodiment,
Dourish defines embodied interaction in the following way:

Embodied interaction is the creation, manipulation, and sharing
of meaning through engaged interaction with artifacts. (Dourish,
2001, p. 126)

Thus, the kind of interaction that characterizes both tangible and so-
cial computing is, according to Dourish, largely about the creation, sharing
and manipulation of meaning. If we look back to my account of cogni-
tivism and its manifestations in HCI, Dourish’s account of embodied in-
teraction stands out in utter contrast. Whereas the cognitivist approach
to HCI emphasizes disembodied information processing aspects of inter-
action, the approach outlined by Dourish emphasizes experiential aspects
of interaction and the role of social engagement in sensemaking in and of
activities.

4.5 Cognitivist influences on Information Visualization

The list of examples of researchers and approaches that in one way or an-
other react against the cognitivist assumptions of HCI can be made longer,
and probably other examples could have been chosen to more succinctly
serve as illustrations of this reaction. However, the main purpose of my
examples is to make a plausible case for the pervasiveness of cognitivistic
influences on HCI. Partly, this influence is of historical interest, but also of
current interest considering HCI aspects of information visualization.
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In the previous chapter, I put forward some arguments and examples
that seem to indicate that there are not a lot of theoretical support for
designing concrete, perceptual representations of abstract phenomena. Put
differently in the vocabulary of this thesis, there seems to be a lack of
theories supporting design of relevant massifications at the user interface.
With this chapter soon coming to its end, the notion of cognitivism can
be used to further make sense of this white spot on the theoretical map.

In the previous chapter, I argued that much work in information visu-
alization is largely focused on screen real-estate management, that is, on how
to present an abundance of relevant information objects on a display that
typically is very limited in terms of resolution and size. Examples of such
work included bifocal displays, hyperbolic projections and fisheye lenses as
means to address the issue of limited display sizes. Also, I suggested that the
work is driven by issued related to information—or cognitive—overload,
that is, by factors related to human constraints regarding information pro-
cessing.

One of the examples of more theoretically oriented work that I dis-
cuss in that chapter is the Cost-of-Knowledge Characteristic function of Card
et al. (1994) and Information Foraging Theory (Pirolli and Card, 1995;
Pirolli et al., 2001). Both of these theoretical constructs considers the cost
of information access in relation to the gained value of a specific piece
of information. Whereas GOMS is used in the description of the Cost-
of-Knowledge Characteristic function, Information Foraging theory with
its biological connotations extends the unit of analysis somewhat to in-
clude the notion of information ecologies where an information seeker
may gather information. Still, both these theoretical contributions seem
to rest on the view of the user as primarily information processors in the
cognitivist sense.

To great extent, information visualization research in general seems to
focus on the information processing aspect of individuals and users. The
realization of massification design calls for a theoretical undepinning with
the capacity to inform design in such a way that artifacts are character-
ized by a form that caters to an intersubjective experience of the abstract
information that the form is meant to express.



A Theoretical Background for Massification Design 85

4.6 Universalism versus Particularism

The orientation towards meaning as something that emerges in action and
practice is a defining character for some of the reactions to cognitivist
human-computer interaction, although it may take on different forms.
In the case of Dourish’s embodied interaction, the commitment to a so-
cial account of meaning is apparent. The ethnomethodological (or tech-
nomethodological) undercurrent that I take to be an important aspect
of Dourish’s approach implies that meaning and rationality is uncovered
through detailed observation in situ, where the action is.

In the context on commenting on two previous studies, Dourish re-
marks:

However, these two studies follow in a tradition of ethnomethod-
ological studies of work, in which ethnomethodologists’ attention
is directed toward the practical logic not of conversation or generic
action, but of specific domains of activity. (Dourish, 2001, p. 76)

This excerpt is meant to serve as an example of how Dourish’ eth-
nomethodological outlook on embodied interaction involves a leaning to-
wards the particular rather than the universal.

In comparison, massification design, conceived of as an ideal, is seem-
ingly at odds with reactions to the cognitivist legacy of human-computer
interaction in general, and with embodied interaction in particular. Whereas,
some of these reactions can be interpreted as emphasizing the need to fo-
cus on the particularities of different use contexts, massification design can
be understood as emphasizing universality. If the meaning of information
visualization artifacts is to be mobile in the sense of being expressed by
the artifact, massification design implies a kind of design that cannot de-
pend on the variant character and particularities of each and every poten-
tial use context. Rather, what the realization of massification design needs
to depend on aspects of use contexts that are invariant and approaching
universality.

Universality should not be confused with mistaken design that assumes
that one size fits all. It is important to distinguish between assumed univer-
sality from informed universality. The former could for instance involve
a design that is deployed in several, culturally diverse use context with-
out being informed by the universality of the design elements and their
composition.
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To follow the latter approach of informed universality could involve
investigating commonalities concerning shared beliefs, meaning and prac-
tices among the use contexts and cultures where a particular design may
come to be used. Methodologically, this does not rule out fieldwork-
oriented methods in situ, but could also benefit from insights documented
in anthropology, psychology and philosophy ex situ.

The question is if there are such universals that can contribute to de-
sign in a non-obvious, substantial way? Will common denominators be
of such trivial kind that massification design cannot fruitfully benefit from
them? These are issues open to investigation.
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EMBODIED REALISM

5.1 Introduction

Until now, the ideal of massification design has been successively articu-
lated in chapter 2, 3, and 4. As yet, I have limited the discussion to what
massification design could be in terms of the qualities that visualization ar-
tifacts could have, if stemming from that ideal. With this chapter, I start to
investigate the feasibility of embodied realism as a candidate theory for in-
forming a realization of the ideal. With ‘realization’, I refer to the prospect
of practically approximating what the ideal prescribes.

This chapter will largely dwell on those aspects of the theory that I ap-
preciate as being of particular relevance to massification design. However, I
will not draw any design implications of the theory in this chapter. Rather,
I will first try to present my understanding of these theoretical aspects, free
from a design context.

The design oriented discussion starts with the chapter that follows after
this and continues in chapter 7,8, and 9.

5.2 Embodied realism

Embodied realism can be described as a theory belonging to the field of
cognitive linguistics, but it can also be described as a kind of philosophy.
Its subject matter is the nature of meaning and rationality. These are by
tradition subject matters of philosophy. However, embodied realism claims
to be an empirically responsible philosophy (Lakoff and Johnson, 1999, p.
551). This responsibility is a responsibility in terms of paying attention to
results and findings from empirical science:
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We have been arguing for an empirically responsible philosophy—
a philosophy informed by an ongoing critical engagement with
the best empirical science available. We are promoting a dialogue
between philosophy and cognitive science. (Lakoff and Johnson,
1999, p. 551)

The position of embodied realism, as informed by science, can be
said to assert that the human mind is essentially embodied, that thought is
largely unconscious and that abstract phenomena are understood by means of
metaphorical projection (Lakoff and Johnson, 1999, p. 3). This chapter will
elaborate on some aspects of embodied realism. Above all, I will focus on
role of metaphorical projections and embodied images schemas, as these
particular aspects will have a central role in my way of using embodied
realism to inform massification design.

One way of understanding embodied realism is to see it as an alter-
native that aims at overcoming problems with what can be referred to as
objectivism and subjectivism (see for instance Lakoff and Johnson, 1980).

According to the objectivist account of meaning, as suggested by John-
son (1987), meaning is understood as relations between symbolic repre-
sentations and objects in the world. Thus, meaning is not meaning to
someone—an experiencing subject. Rather, meaning is understood as dis-
embodied and independent of human beings.

Concepts, on the objectivist account, are abstract representations that
unambiguously can identify and pick out objects, relations and properties
in the world. Also, according to Johnson, concepts are understood to be
disembodied in the sense of being independent of any specific mind. An-
other tenet of the objectivist account is that all meaning is literal without
room for figurative language and metaphors.

In contrast, the subjectivist account hails the subjective nature of ex-
perience. According to Lakoff and Johnson (1980, p.188-199), the “the
myth of subjectivism” emphasizes the importance of the senses, feelings
and aesthetic experience. These are typically embodied aspect of experi-
ence; they are what they are by virtue of being experienced and felt.

For the subjectivist, imagination and metaphor are important means
by which humans express themselves:

The language of the imagination, especially metaphor, is necessary
for expressing the unique and most personally significant aspects of
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our experience. [. . . ] (Lakoff and Johnson, 1980, p.188)

So, in what way can the embodied realist alternative be said to consti-
tute a synthesis of objectivism and subjectivism. One of the problems of
objectivism is that it does not account for subjective aspects of meaning,
meaning is a mere matter of a relation between a symbolic expression and
the world. Embodied realism suggests that meaning always is meaning to
someone and that meaning is closely related to bodily experiences. Put
differently, meaning is embodied.

The conception of meaning as something embodied, as something
closely related to the physical constitution of an experiencing subject is
diametrically in opposition to objectivistic notions of meaning.

But in order to be a synthesis, embodied realism needs to avoid the ab-
solute relativism of subjectivism; it has to have a solid, non-private ground
for meaning. According to embodied realism, this ground is to be found
in direct, physical and bodily experiences, experiences that are not private,
but shared by humans.

5.3 Conceptual metaphors

One aspect of the objectivist position that embodied realism is a reaction
against is the notion that all meaning is literal. Such a position rules out
the possibility for figurative expressions to have a meaningful content other
than what can be captured in literal paraphrases of figurative language.
Given such a view, the use of figurative language such as metaphor, be-
comes exclusively a rhetorical, linguistic means to shed some light on a
phenomena in a novel and unusual way.

In Metaphors We Live By, Lakoff and Johnson (1980) presents a radi-
cally different view that emphasized metaphor, not primarily as a linguistic
phenomenon, but as a key component in human conceptual systems. They
present metaphor as one of the chief means through which we experience
the world, think about it and act in it.

If we are right in suggesting that our conceptual system is largely
metaphorical, then the way we think, what we experience, and what
we do every day is very much a matter of metaphor. (Lakoff and
Johnson, 1980, p. 3)
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Language is but one manifestation of the underlying conceptual sys-
tems, a manifestation that have come to play an important role as evidence
for the position of embodied realism.

As examples of the pervasiveness of metaphor in everyday thought and
action, Lakoff and Johnson present a wealth of examples of conceptual
metaphors, that is, metaphors that are more or less unreflectively embedded
and used in everyday language. Conceptual metaphors should be under-
stood in contrast to conventional metaphors where the metaphoricity of
an expression is an intended rhetorical or ornamental mode of expression.

An often cited example of conceptual metaphor concerns ways of con-
ceptualizing argumentation as if it were war. The ARGUMENT IS WAR
conceptual metaphor surfaces in a multitude of linguistic expressions (All
examples from Lakoff and Johnson (1980), p. 4):

• Your claims are indefensible.

• He attacked every weak point in my argument.

• His criticisms were right on target.

• I demolished his argument. I’ve never won an argument with him.

• You disagree? Okay, shoot !

• If you use that strategy, he’ll wipe you out.

• He shot down all of my arguments.

The point is—according to Lakoff and Johnson—that people do not
typically choose to talk about argument in terms of war. Rather, we talk in
terms of war because we unconsciously think of argument as if it were war.
And, as they point out, to win or loose an argument is an actual possibility,
not a figurative rendition of something more literal.

Another example of a conceptual metaphor is the CONDUIT metaphor
(Lakoff and Johnson, 1980, p. 10). The CONDUIT metaphor was first dis-
cussed by Reddy (1979) in his elaboration on how we conceive of commu-
nication. What Reddy showed was that in the context of communication,
ideas and thoughts are conceptualized as objects that—during the act of
communication—are passed along a channel (or conduit) from a sender to
receiver. According to such an understanding of communication expres-
sions such as the following seem very reasonable (all examples from Reddy,
1979, p. 286):

• Try to get your thoughts across better
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• None of Mary’s feelings came through to me with any clarity

• You still haven’t given me any idea of what you mean

If we understand communication as the channeling of ideas-as-objects,
interpersonal communication is thought of, talked about and acted upon
accordingly. If ideas do not get through, it makes sense to push a little
harder or to start looking for disturbances that hinder the message to get
across. As noted by Reddy, this view of communication resonates with
the communication model of Shannon and Weaver (1949). Now, as I re-
ceive the message from Reddy and proponents of embodied realism, the
important point is that—in this particular case—conceptions of commu-
nication is on the one hand metaphorically structured. Communication
is not in any absolute objective sense a matter of passing objects back and
forth through a conduit. On the other hand, the metaphorical aspect of
communication does not imply that it easily is possible to construe com-
munication in a radically different way.

Lakoff and Johnson suggest that there are several kinds of concep-
tual metaphors. For instance, the ARGUMENT IS WAR metaphor and the
CONDUIT metaphor are examples of structural metaphors where the expe-
rience of a target domain is structured through a source domain. Another
kind of conceptual metaphor is orientational metaphors structure experi-
ence by means of imposing spatial orientation of different sorts. Example
of linguistic manifestations of such structuring is found in ways of talking
about phenomena related to consciousness:

Get up. Wake up. I’m up already. He rises early in the morning. He
fell asleep. He dropped off to sleep. He is under hypnosis. He sank
into a coma. (Lakoff and Johnson, 1980, p. 15)

According to Lakoff and Johnson, the way phenomena related to con-
sciousness are experienced is often governed by a vertical orientation in the
sense that CONSCIOUS IS UP and UNCONSCIOUS IS DOWN.

Now, let’s consider a somewhat more elaborate example of a conceptual
metaphor. As a matter of fact, it is more than an example, as it will shed
some further light on the conceptual roots of cognitivism as discussed in
the previous chapter. The conceptual metaphor in question is THE MIND

IS A MACHINE metaphor.
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The THE MIND IS A MACHINE an example of what, Lakoff and John-
son (1980) refers to as an ontological metaphor, that is, metaphors that
structure experience in terms of entities or substances. Lakoff and Johnson
give several examples of how this conceptual metaphor surface in everyday
discourse:

We are still trying to grind out the solution to this equation.
My mind just isn’t operating today.
Boy, the wheels are turning now.
I’m a little rusty today.
We have been working on this problem all day and now we’re run-
ning out of steam. (Lakoff and Johnson, 1980, p. 27)

Just as most of Lakoff and Johnson’s examples these are most likely
made up examples and not taken from actual discourse, but as examples of
everyday discourse I find them convincing and credible. The purpose of
the example is not to show how people tend to use a particular metaphor
in a conventional, rhetorical manner, but rather in an unreflected and au-
tomatic way. Conceptual metaphors are not only metaphors we live by, to
paraphrase Lakoff and Johnson, but seem also to have considerable impact
on scientific discourse.

Lakoff (1987) devotes a whole chapter to discuss how the-mind-as-
machine has constituted a paradigm within cognitive psychology. Accord-
ing to Lakoff (1987)), this view is associated with two positions: compu-
tational realism and objectivist ai. Computational realism maintains that
cognitive processes are algorithmic through and through. In addition, this
processing is considered to be independent of its physical embodiment.
Objectivist AI maintains, according to Lakoff, that concepts are symbolic
and internal representations of the external reality. Also, such symbols and
symbolic structures are assumed to have the capacity to adequately repre-
sent all human knowledge.

The mind-as-machine view resonates with the description I have given
of cognitivism in the previous chapter. However, in that chapter I argued—
based on an interpretation of Newell and Simon (1976)—that this view of
cognition is not to be understood as taken metaphorically, but a commit-
ment to the real thing, cognition is mechanistic processing.

Following the presentation of conceptual metaphors, it seems plausible
to maintain—if we accept the view of embodied realism—that metaphors
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are just about as real as it gets and that the dominating conceptual metaphor
at that time highlighted some aspects of cognition, at the same time as it
downplayed others.

The point is not that THE MIND IS A MACHINE is the metaphor of
cognition and mind. On the contrary there are numerous mind related
conceptual metaphors, for instance, the mind as body, thought as motion,
thought as object manipulation and others (Lakoff and Johnson, 1999, pp.
248). However, the point is that a specific version of this particular concep-
tual metaphor seems to have played a central role for what are commonly
referred to as cognitivism.

This should not, according to embodied realism, be interpreted as if
the mind or any other phenomena can be conceptualized as just about
anything. The metaphorical characteristics of conceptual systems are not
just enabling, in the sense of making different meanings possible, but also
constraining in the sense of putting limits to what meaning attributions
are well founded.

5.4 Embodied structures of meaning and rationality

A distinctive feature of embodied realism is its emphasis on the role for the
formation and meaning of concepts as something that is grounded in con-
crete, bodily experiences in and of the world. The specific attributes of the
human body and the conditions governing the world (gravity, temperature,
etc) are aspects that shape meaning. This insistence on the importance of
embodiment makes embodied realism distinctly different compared to the
view of cognitivism as discussed by previously:

Advocates of the disembodied mind will, of course, say that con-
ceptual structure must have a neural realization in the brain, which
just happens to reside in a body. But they deny that anything about
the body is essential for characterizing what concepts are. (Lakoff
and Johnson, 1999, p. 37)

The human body on the cognitivist account is rather one possible re-
alization of a physical symbol system that exhibits general intelligence.

A central notion related to the kind of phenomenological embodiment
that characterizes embodied realism is what is referred to as image schemas.

Johnson defines image schemas in the following way:
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A schema is a recurrent pattern, shape, and regularity in, or of, these
ongoing activities. These patterns emerge as meaningful struc-
tures for us chiefly at the level of our bodily movements through
space, our manipulation of objects, and our perceptual interactions.
(Johnson, 1987, p. 29)

Johnson (1987) presents a list of several image schemas that emerge
from other kinds of concrete interactions (see table 5.1). These are but a
few examples of image schemas, their embodied grounding and metaphor-
ical elaborations.

Table 5.1: Examples of image schemas (Johnson, 1987, p. 126)

CONTAINER BALANCE COMPULSION

BLOCKAGE COUNTERFORCE RESTRAINT REMOVAL

ENABLEMENT ATTRACTION MASS-COUNT

PATH LINK CENTER-PERIPHERY

CYCLE NEAR-FAR SCALE

PART-WHOLE MERGING SPLITTING

FULL-EMPTY MATCHING SUPERIMPOSITION

ITERATION CONTACT PROCESS

SURFACE OBJECT COLLECTION

As pointed out by Johnson, this list of image schemas is by no means
exhaustive, but it serves the purpose of hinting at the different ways in
which concrete, bodily actions come to motivate and constrain ways of
making sense of abstract experiences. In the following I will discuss one
of these image schemas in terms of its grounding in concrete, bodily expe-
riences and metaphorical elaborations. Further examples are presented in
chapter six, eight and nine when image schemas are investigated as a means
to inform massification design.

Examples of image schemas and their elaborations

The first example of an image schema is the CONTAINMENT schema.
Johnson (1987) suggests that containment is a very prominent kind of
bodily experience:

Our encounter with containment and boundedness is one of the
most pervasive features of our bodily experience. We are intimately
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aware of our bodies as three-dimensional containers into which we
put certain things (food, water, air) and out of which other things
emerge (food and water wastes, air, blood, etc.). (Johnson, 1987, p.
21)

Additionally, as pointed out by Johnson, containment and bounded-
ness is characteristic of experiences of manipulating and organizing objects.
To be inside or outside a room is to have an experience related to contain-
ment.

The pervasiveness of containment experiences is not confined to the
realm of the physical and concrete. The frequent encounters of contain-
ment and boundedness lead to the formation of a CONTAINMENT image
schema that is metaphorically projected to make sense of experiences of
the realm of the abstract.

Consider the following expressions:

• They nominally hold positions of power within the organisation but often
feel locked out of sections of the organisation where the computer, and its
operators, have taken over. (Hasan, 1992)

• This dependence on paper documents also reduces the amount of infor-
mation that can be shared within the organization. (Komito, 1998, p. 235)

• Instead, the case evidence suggests that the underlying reason for develop-
ment of such systems was associated with participation or non-participation
by intended users from outside the sponsoring organization. (Cavaye, 1995,
p. 135)

These examples, taken from academic journals and conference pro-
ceedings, show how the elusive notion of organizations is conceived of
as something concrete and spatial. In all three examples, organizations
are construed of in terms of containment. Organizations are conceptually
treated as if they had an inside, an outside and something than you can
be locket out from. In the usual sense of the word, these expressions are
hardly to be understood as figurative expressions. This way of talking and
writing about organizations is not at all extraordinary, fanciful or otherwise
ornamental. Rather, this is a common way of talking and thinking about
organizations in what generally would be considered a literal sense.

Organizations are just one example of an abstract phenomenon that
is conceived of in terms of containment. Lakoff (1987, p. 272) suggests
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that the visual field is understood in terms of containment (i.e. “come into
sight”, “go out of sight”) as is personal relationships (“one can be trapped
in a marriage and get out of it”).

These examples have in common that they involve metaphorical pro-
jection of one and the same CONTAINMENT image schema. The CON-
TAINMENT schema emerges from recurrent, bodily interactions with con-
crete containment of the kind presented previously in this section.

Figure 5.1: CONTAINMENT schema (from Johnson, 1987, p. 23)

Like other image schemas the CONTAINER schema can be character-
ized in terms of its structural elements and the basic logic that governs the
schema. As seen in figure 5.1, the CONTAINMENT schema consists of
an entity. This entity is located either interior or exterior in relation to a
boundary that defines the expanse of the container.

5.5 Image schemas as constraints of meaning

An important aspect of Johnson’s notion of image schemas concerns their
gestalt qualities. As hopefully apparent in the presented examples of im-
age schemas above, image schemas have internal structure in the sense that
they can be described in terms of parts and relationships and certain log-
ics that govern these entity relationships. However, in my understanding
of Johnson, image schemas cannot be reduced to these atomic pieces but
achieve their capacity to structure experience meaningfully by virtue of be-
ing experiential Gestalts or organized wholes.

To illustrate the Gestalt qualities of image schemas, Johnson (1987) elab-
orates on image schematic structures that emerge from bodily interactions
with forces. It seems plausible that all bodily interactions involve forces of
some kind due to the mechanisms described by the laws of physics. To
grasp an object involves application of force, to walk along a street de-
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pends on the capacity to coordinate muscular tension as to exert proper
forces. The list can be made longer, but suffice it to say that force is a key
component pervasive in human, concrete bodily experience.

Johnson (1987) suggests that at least six different features of force are
typical for the way people make sense of force. First, as already mentioned,
force is experienced through interaction or the perception of potential in-
teraction. Second, force has an experiential vector quality, in the sense of
having direction. Third, force is associated with path of motion, in the sense
that objects under the influence of force traces a path that describes the ob-
jects movement. Fourth, the experience of force typically involves a sense
of origin and target; an object’s path of motions starts at an origin where
it is exerted by some force, travels along a path, and potentially winds up
at final location, a target. Fifth, forces have intensity that can vary. This
adds to the vector quality of force so that it not only has direction but
also a certain magnitude. Sixth, according to Johnson, the experience of
force through interaction is always associated with a sequence of causality.
As Johnson points out, when we experience forces we experience them as
taking part in causal sequences.

One thing should be kept in mind. The above account of force is an
account of experiential force—if my interpretation of Johnson is correct—
and not a description of actual forces. There is a relation between ac-
tual forces and the way we experience them, but the point here is that
the features outlined above constitute elements that are included in image
schematic organized wholes—Gestalts—that impose constraints as to how
people make sense of experience. In connection to the features of forceful
interaction, Johnson writes:

What I have just described is a general gestalt structure for force. I
am using the term “gestalt structure” to mean an organized whole,
unified whole within our experience and understanding that mani-
fests a repeatable pattern or structure. [. . . ] my entire project rests
on showing that experiential gestalts have internal structure that
connects up aspects of our experience and leads to inferences in our
conceptual system. (Johnson, 1987, p. 47)

As Johnson suggests, the Gestalt qualities of image schemas is not re-
stricted to image schemas related to force alone, but an intrinsic quality
of all image schemas. But, considering the pervasiveness of force related
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Figure 5.2: Compulsion schema (adapted from Johnson, 1987, p. 45)

interactions in everyday experience, force image schemas seem apt to il-
lustrate the Gestalt characteristic of image schemas. Johnson, presents as
many as seven different force related schemas (ibid. pp. 45-48) and I will
briefly review one of them here.

An example of an image schema related to force is the COMPULSION

schema. In as much a schema can be depicted, figure 5.2 gives a visual
presentation of the schema.

The compulsion schema emerges from repeated interactions with forces
that potentially may set an object in motion. The arrow to the left repre-
sents a force with a certain direction and intensity, that is, the vector qual-
ities of the force. The starting point of the arrow also denotes the starting
point—or the origin—of the force. The base of the arrow illustrates the
motion path of the object. The force is exerted on a target object (the
rectangular shape) that potentially may set the object in motion following
a motion path as governed by a potential force (the dashed arrow).

The aim of this description is to show that the experience of compul-
sion always involves these different features (origin, target, motion path,
object, direction and intensity). These features may be understood as el-
ements that constitute an experiential Gestalt structure for the experience
of compulsion. It is a Gestalt structure by virtue of not being reducible to
its constituents. The schema is only meaningful as a unified composition
of elements, in the sense that the experience of compulsion would not be
meaningful if there is not, say, a directional aspect of the exerting force.

As I interpret Johnson, the Gestalt quality of image schemas is to be
found in their operation as organized wholes that both opens up possibili-
ties for meaning at the same time as it imposes constraints on the meaning
of experience.

Cross-modal qualities of image schemas

An image schema serves a role as a kind of structure that emerge from bod-
ily interactions with the world at the same time as it puts constraints on
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the meaning attributed to abstract experience through metaphorical pro-
jection. Lakoff (1993, 1990) argues that the structure—as described in the
examples—of an image schema is preserved in metaphorical projections.
This hypothesized preservation is called the invariance principle:

Metaphorical mappings preserve the cognitive topology (that is, the
image schema structure) of the source domain, in a way consistent
with the inherent structure of the target domain. (Lakoff, 1993, p.
215)

What this principle entails is a severe restriction on what kinds of map-
pings that are possible. There must be a structural resemblance of source
and target domain for a mapping to occur and that mapping will main-
tain correspondence between domain entities. For instance, a container
schema is not mapped onto a domain of experience that does not exhibit a
containment structure. Also, in cases where there are structural similarities
between source and target domain, the source domain interior will map
onto target interior. My interpretation of Lakoff ’s assertions concerning
the invariance principle is that it is descriptive through and through. It is
not a normative statement about what constitutes an aesthetically pleasing
metaphor, but a descriptive statement about the character of unconscious
metaphorical projections of image schemas.

Interestingly enough, as discussed by Gibbs and Colston (1995), the
invariance principle does not impose restrictions concerning the modali-
ties. The operative word of the invariance principle is structure and ex-
periential domains of different modalities may very well have structural
similarities. As suggested by Gibbs and Colston, image schemas have a
synesthetic characteristic. Synesthesia is generally understood as a condition
where sensations are experienced in a sensory modality different from the
modality of the physical stimulus (see for instance, Sternberg, 1999, p.
172).

Typically, this cross-sensory mapping is automatic and systematic. For
instance, someone with a synesthetic condition may experience a visual
stimulus as an auditory sensation without active participation. The map-
ping is systematic in the sense of being stable over time and non-random
(e.g. bright colors are experienced as high pitch sounds in a regular fash-
ion). However, as Gibbs and Colston suggest, synesthesia need not to
be understood exclusively as an extraordinary condition, but as a general
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capacity involved in projection of image schemas. Just as the notion of cre-
ativity can be understood to be both of an artistic, extraordinary kind and
a mundane, everyday kind (see for instance Waterworth, 2001), I suggest
that it is relevant to distinguish—what can be called—exceptional synes-
thesia from mundane synesthesia. The former refers to the rare condition
exhibited by some people, while the latter refers to the capacity and mech-
anism involved in projection of image schemas from one domain to an-
other.

Are image schemas universal?

The kind of meaning described by embodied realism is always meaning to
someone. Although I have not come across the notion of felt meaning in
the literature on embodied realism, this seems to be an apt way of describ-
ing the embodied realist kind of meaning. Meaning on this account is not
a matter of relations between symbols in an objective sense, but a matter
of experience in a subjective sense.

This way of describing embodied realist meaning may give the impres-
sion of a subjectivism where the meaning of something is solely determined
by the whims of an experiencing subject. However, as described in this
chapter, meaning is embodied and as such constrained by the particulari-
ties of human bodily interactions with the world, according to embodied
realism.

The grounding in embodiment may be understood as a foundation,
not only for subjective meaning, but also for intersubjective and shared
meaning. In this context, one might ask if image schemas also are universal
in the sense of being a characteristic for all humans. Johnson hints at the
possibility of this being the case:

Experiential basicness is a relative matter. Yet, because our bod-
ies are very much alike with respect to their physiological makeup,
we would expect to find commonly shared (if not universal) gestalt
structures for many of our physical interactions within our environ-
ment. (Johnson, 1987, p. 62)
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5.6 Criticism of Embodied realism

One of the criticisms raised against the embodied realism account of mean-
ing and rationality concerns the reliance on linguistic evidence. As pointed
out by Steen (2000) in a review of Philosophy in the Flesh (Lakoff and John-
son, 1999), it is a weakness of the approach to draw on linguistic evidence
exclusively, considering that their claims transcend linguistic phenomena.
Actually Lakoff and Johnson (1999, p. 144) hint at the possibility that
gestural behavior also may be interpreted as evidence for underlying image
schematic structures.

Embodied realism stresses the corporeal characteristics of meaning,
in contrast to the disembodied views manifest in objectivist accounts of
meaning. However, the body present in the embodied realist account is
a largely abstract and general body. It is the body in the mind, to speak
with Johnson (1987). Hayles (1999) criticizes Johnson (1987) for not tak-
ing the gendered body into account. It is an interesting issue whether the
paricularities of the male and female bodies influence our way of making
sense of the world. I have not seen any examples of research that indicates
that men and women should have different kinds of image schemas. Yet,
from a design perspective, it is interesting to ponder what that would entail
in terms of possible differences and similarities of artifact design from the
perspective of embodied meaning.

The proponents of embodied realism attributes great explanatory power
to embodied experience in accounting for the role of metaphor in language
and reasoning. Although social interaction and culture are acknowledged
as influencing factors, it is the bodily aspect of experience that embod-
ied realism typically is concerned with. Quinn (1991) takes issue with the
alleged explanatory power of embodied experience and presents an alterna-
tive account of metaphor that emphasizes the role of culture in the use and
formation of metaphors. More generally, Quinn questions if metaphor is
constitutive of understanding (as suggested by embodied realism) and if
metaphors can give rise to novel entailments (also suggested by embodied
realism).

Quinn offers an account that maintains that metaphors are constrained
by cultural models and not the other way around. The metaphors peo-
ple employ in day-to-day discourse are tailored to map onto an exist-
ing cultural model of the phenomenon in question. Concerning entail-
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ments, she suggests that metaphors do not contribute with novel entail-
ments. Rather, a metaphor may serve the purpose of highlighting certain—
known—aspects of the cultural model.

The notion of cultural models and its role for metaphor and cogni-
tion as presented by Quinn seems to have attracted quite a lot of recogni-
tion. For instance, Gibbs (1997b)—partly drawing on Quinn (1991)—
advocates self-critically for a need to address embodied experience in its
cultural and social context, in contrast to a strict focus on embodiment
alone.
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EMBODIED REALISM FOR MASSIFICATION DESIGN

6.1 Introduction

In what way can Embodied Realism—as outlined in the previous chapter—
serve as a guiding framework for massification design? Chapter 3 suggested
the relevance of an approach to visualization design that strives for visual-
izations that are mobile in terms of both artifacts and significations. Such
an approach seeks to mitigate visualization design that depends entirely
on contextual conventions alone (yet another idealized approach). The re-
view in chapter 4 of dominating theoretical strands in human-computer
interaction points in the direction of a need for alternatives to theoretical
foundations with a cognitivist inclination. Chapter 5 presented Embodied
Realism as such an alternative. However, the presentation was intentionally
void of ideas and suppositions as to what Embodied Realism may entail in
terms of guidance for visualization design. This will be the focus of this
chapter.

My account of embodied realism for massification design will—to a
great extent—depend on examples and illustrations to convey how design
of visualization artifacts can be informed by the theory. However, to start
out the chapter I will once again quote Jeff Conklin, but this time with a
different emphasis:

Users orient themselves by visual cues, just as they are walking or
driving through a familiar city. However, there is no natural topol-
ogy for an information space, except perhaps that higher-level concepts
go on the top or on the left side, so until one is familiar with a given
large hyper document, one is by definition disoriented. (Conklin
(1987), p. 39, my emphasis).

Interestingly enough, Conklin—on the one hand—suggests that the
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form of designed information spaces cannot depend on something that re-
sembles naturalness or the like. On the other hand, he suggests that there
indeed are exceptions to this rule in that it is more natural for higher level
concepts to be spatially arranged on top—or to the left—in relation to
other concepts. However, this notion of naturalness is somewhat problem-
atic. Why is it more natural for representations of some concepts to be
placed in certain ways in relation to other concepts rather than other ways
in order to express abstract qualities of information?

The naturalness alluded to by Conklin and also by Handa (1999),
seems to be a natural meaning in the sense that the artifact in a self-
contained and independent manner is supposed to expresses a meaning
that is intrinsic to the artifact with respect to its form. This view, if at all
attainable, is definitely compatible with the ideal of massification design
with mobile artifacts, with mobile meaning.

However, from the embodied realist account of meaning it seems plau-
sible that a design that aims at capitalizing on embodied meaning is not
capitalizing on natural meaning, or natural signification as discussed by
Handa. Rather, the meaningfulness of an expression of abstract informa-
tion is a meaningfulness that emerges in the relation between the form of
a visualization artifact and the one experiencing the artifact.

The prospect of drawing on embodied meaning in order to inform
realization of massification design, hinges on the possibility of designing
artifacts in such a way that the form of the artifact evokes an experience of
the abstract information that the artifact was meant to express. In addition,
that experience should be an experience that is structured by means of
metaphorical projection of the image schematic structures that served to
inform the design.

It is not at all obvious that this is likely to succeed considering that
image schemas are conceptual abstractions of concrete, bodily experiences,
but not concrete and tangible things themselves. However, as suggested by
Lakoff and Johnson, image schemas can be instantiated as tangible objects:

A container schema, like any other image schema, is conceptual.
Such a container schema can, however, be physically instantiated,
either as a concrete object, like a room or a cup, or as a bounded
region in space, like a basketball court or a football field. (Lakoff
and Johnson, 1999, p. 32)
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It seems plausible that a design informed by embodied realism cannot
be a design of image schemas as such. Rather, it is perceivable instantiations
of image schemas that are being designed. Moreover, such instantiations
would be of little value in the context of informing massification design
if the concrete instantiations are experienced just as a concrete object. In
order to be of support for massification design, image schematic instanti-
ations should also have the capacity to provide for the experience of the
instantiation as an expression of abstract information. Lakoff (1993) hints
at the possibility of this in the following quotation:

Consider objects like thermometers and stock market graphs, where
increases in temperature and prices are represented as being up and
decreases being down. These are objects created by humans to ac-
cord with the MORE IS UP metaphor. They exhibit a correlation
between MORE and UP and are much easier to read and understand
than if they contradicted the metaphor. (Lakoff, 1993, p. 241)

The alleged possibility of instantiating image schemas in such a way
that they convey abstract meaning is one of the reasons why embodied re-
alism is an interesting candidate to a theory informing the realization of
massification design. It entails a possibility for designing information vi-
sualizations that express abstract meaning, rather than depending on arbi-
trary, interpretative conventions. Another related reason is that embodied
realism offers an account of intersubjective experience of abstract meaning
because of its grounding in bodily experiences. Supposedly, this intersub-
jectivity can be manifested in the experience of information visualization
artifacts and in that way approaching the mobile meaning aspect of massi-
fication design.

This is a brief account of what I take to be the promise of embodied
realism as an informing theory for massification. It is a different matter
altogether what it delivers, when put into practical use. Will visualization
artifacts informed by embodied realism be experienced along the account
of meaning as put forward by the theory? How is it possible to assess
if embodied meaning is at play in the interaction between a user and a
designed visualization artifact? These are all issues that pertain to questions
concerning if embodied realism lives up to the promise. These issues will
be the subject of chapters seven, eight and nine.
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Figure 6.1: A typical GUI

However, the remainder of this chapter, will discuss—from a more
practical point of view how—image schemas can be instantiated in infor-
mation visualization interfaces in order to express abstract meaning.

6.2 Image schematic structures in user interfaces

A reasonable question to ask is whether image schemas need to be deliber-
ately instantiated in user interfaces? If embodied realism is approximately
correct in its account of human sensmaking, it seems plausible that artifacts
in general should exhibit image schematic structures.

Indeed, if we look at a typical graphical user interface (GUI) as in
figure 6.1, there are several features of the design that can be interpreted
as instantiations of image schemas. Above all, the notion of containment
seems pervasive in this particular example. There is a rectangular area con-
stituting what usually is referred to as a window (in spite of not being
very window-like) that partition the interface into an outside and an in-
side with respect to the boundary of the window. This container contains
various objects, representing programs, actions, documents but also other
containers in the form of folders that in turn may contain yet more objects
and folders.

The full image schematic extent of this kind of GUI is not conveyed by
means of just referring to the interface elements in a static image. Rather,
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this kind of GUI is perhaps better understood as an instantiation of the
more general notion of direct manipulation (Shneiderman, 1982; Hutchins
et al., 1986). Direct manipulation interfaces are typically characterized
by visibility of relevant objects, incremental and reversible action and an
interaction model that relies on direct manipulation of objects, rather than
a linguistic dialogue model.

Direct manipulation interfaces have an orientation towards an interac-
tion that implies exertion of force as a key element in the human-computer
interaction: folders are opened, documents are dragged, buttons are pushed,
menus are pulled down. These examples are actions that seem to buy into
the notion of the necessity of exertion of force to impose changes to the
world. I am not referring to the actual force required to, say, pull down
a menu using the mouse. Rather, direct manipulation interfaces may be
interpreted as an interaction style that allows for metaphorical projection of
embodied experiences of force. This is quite different to command-line in-
terfaces where the user acts through an imagined intermediary agent that
carries out the commands of the user and reports on the results.

However, one might argue, if image schematic structures are pervasive
in user interfaces, why bother suggesting image schemas as central element
in the realization of massification design? If they are so pervasive, should
they not occur in user interfaces without conscious effort on part of the
designer?

Indeed, image schematic structures seem to be—as these examples
indicate—a part of user interfaces. One might argue that just as little
as people need to know about image schemas in order to speak a language
full of image schematic structures, as little do designers need to know about
image schemas in order to design interfaces that exhibit image schematic
qualities. However, this is not necessarily the case, mainly because the
analogy between a speaker of a language and a designer is problematic.

A better analogy—or pair of analogies—is that of the designer as poet
and the user as a reader of poetry. As noted by, for instance, Gibbs (1997a)
and Lakoff and Turner (1989) the mechanisms involved in creating poetry
are essentially the same as those involved in understanding poetry, as well
as everyday experience:

Although it is often assumed that poets are especially creative in
expressing new metaphorical mappings, poets are primarily making



110

use of the same set of bodily based conceptual metaphors by which
people understand everyday experience. (Gibbs, 1997a, p. 362)

The central difference between the poet and the rest of us, is that po-
ets excel at capitalizing on these embodied structures of meaning, making
novel compositions and unexpected use of these metaphorical mappings.
But, as suggested by Gibbs (1997a), great poetry is accessible and mean-
ingful partly because it is grounded in bodily experiences.

What is the relevance of this for the distinction between users and de-
signers? Suggestively, we can think of the user akin to the reader of poetry,
with the difference that it is experiences of user interfaces—not poetry—
that is the subject matter of sensemaking. In doing so, she makes use of the
means at her disposal, including unconscious, metaphorical projection of
image schemas. In this context, the designer can be understood as similar
to the poet; someone that ideally do extremely well at consciously capitaliz-
ing on the user’s capacity for unconsciously making metaphorical projection
of image schemas in order to make sense of the user interface experience.

However, the analogy should most likely not be carried further than
that. Poets are poets and designers are designers. Yet, it highlights both
similarities and differences between users and designers. The analogy stresses
that designers and users can make use of the same embodied structures of
meaning. The difference is mainly in terms of effort. It may take consider-
able effort on part of the designer (as for the poet) to pave the way for the
user’s effortless projection of image schemas.

Metaphorical projection from one conceptual domain to another is a
crucial mechanism in the embodied realist account of meaning and its po-
tential use in information visualization design. Metaphorical projection
is by no manner of means new to user interface design. It is covered ex-
tensively in both HCI textbooks (see for instance Preece et al., 1994) and
research oriented texts (see for instance Carroll and Mack, 1985; Smith,
1987; Neale and Carroll, 1997).

Like ordinary, non-conceptual metaphors in language use, user inter-
face metaphors can be understood as an invitation to the user to under-
stand one domain (e.g. the computer system) in terms and actions of
a supposedly more familiar domain (e.g. physical office environments).
Thus, user interface metaphors of the desktop kind can be understood as
stemming from a strategy to accommodate for meaningful experiences by
means of replicating aspects of a familiar domain.
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If we the consider desktop metaphor as one instance of the replication
strategy it may very well exhibit characteristics of the embodied meaning
approach, not in method or intentions, but in the results (product and ex-
perience thereof ). By recruiting aspects of the source domain—say, folders
and objects to store in folders—to the target, image schematic structures
will also be recruited, because the source domain is part of the world with
which we live in and from which we have recurrent experiences embodied
as image schemas. But we get other aspects of the source domain as well,
both intended and non-intended, that are specific to the source domain.
An interesting hypothesis is that what makes the desktop metaphor work
is not primarily the source domain semantics per se, but its image schematic
structure. This rather abstract structure can be instantiated or rendered
in a multitude of ways with the help of different metaphors, whereof the
desktop is one.

Although I will not put this hypothesis to the test in this thesis, I think
it highlights an important difference between the typical approach to user
interface metaphors and massification design informed by embodied real-
ism. Design with ordinary user interface metaphors starts with an import
of concrete aspects of a domain supposedly familiar to potential users and
as a result also gets abstract, image schematic structures instantiated in the
user interface. Massification design, as informed by embodied realism,
starts with abstract image schemas that in the end are made tangible and
perceivable to the user.

The process of making these schematic structures tangible can possi-
bly be guided by means of alluding to articulated domains, including office
environments, cities and other contexts that exhibit the image schematic
structures in question. However, the form given to image schematic in-
stantiations can also be quite abstract, without invoking expectations and
conventions associated with specific contexts.

This line of reasoning resonates with that of Halasz and Moran (1982).
They argue that user interfaces based on analogical models are more dif-
ficult to learn compared to designs that originate in what they refer to as
abstract conceptual models. An abstract conceptual model, in the sense used
by Halasz and Moran, is a kind of organizing principle for the interactional
aspects of a computer system that does not depend on familiarity with a
specific real world context. But what is a good abstract conceptual model
for conveying aspects of abstract information? Image schemas seem a likely
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candidate for informing the design of underlying conceptual models. They
have structure grounded in bodily experiences and are associated to more
abstract domains as well.

6.3 Visualizing document relevance: a worked example

In this section, an example will be presented that shows how embodied
realism may inform the design of information visualization artifacts from
a more practical standpoint. The example focuses on one single abstract
information quality and that is relevance. More specifically, the example
addresses the question of how to visualize the relevance of documents with
respect to other documents in a structurally heterogeneous collection. In
this case, the document collection consists of abstracts of 173 articles from
the Human-Computer Interaction journal. Why is it interesting to visu-
alize document relevance? Suppose that someone finds a document in
the collection that she finds interesting. Odds are that she also would
find documents with similar content to be of interest. A visualization that
can express inter-document relevance could possibly cater for that kind of
information need. Moreover, let’s assume that she finds two documents
that—content wise—are dissimilar, but wants to know if there are other
documents that seem to be equally relevant to both of the two documents.
This example will address these kinds of visualization challenges from the
point of view of massification design informed by embodied realism.

The data

The notion of relevance—in this example—is operationalized as a doc-
ument similarity measure based on what is generally referred to as the
tf × idf model (Salton et al., 1994). The principle behind this model
is that each term in a specific document is assigned a weight that is a mea-
sure of how specific the term is to the document. Mathematically, this is
expressed by (Salton et al., 1994, p. 98) in the following way.

wik =
tfik · log
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)
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What this expression says is that the weight of term Tk in document Di

will be high if the term in question occurs frequently in the document but
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seldom in the total collection of documents. Similarly, terms that occur
infrequently in a document but frequently in the totality of documents
will be assigned of low weight score. In order to determine the similarity
of two documents, the product of the weights for all the terms in both
documents are summed (Chen, 1999, p. 52):

simij =
T∑

k=1

wik × wjk

I devised a computer program that does this kind of data processing
on an arbitrary set of text documents, to get a feel for how it could be used
in the context of massification design. The output of that program is a
matrix of similarity measures where each document is compared to each
and every other document in the collection. Thus, the matrix will contain
a number of cells that equals the number of documents in the collection
squared. Each cell in the matrix contains the computed similarity for one
document in relation to another document.

As stated in chapter 3, my interest in information visualization is geared
towards the problem of expressing abstract information qualities, and not
towards the process of arriving at them. Given that position, it may seem
odd to bother with these kinds of techniques. My initial ambition was to
evolve the program into a full-fledged, functional prototype that visual-
ized document similarity through a design informed by embodied realism.
However, as the intent is to illustrate and investigate how embodied real-
ism can inform visualization design, I made the judgment that a prototype
sketch would be as adequate as a functional prototype. Also, after having
the output of the program cross-checked with another program (Anders
Broberg, personal communication), there are indications of flaws in my
implementation.

Experiential basis of relevance

Given the particularities of the human body, each perceiving individual
is at the center of her own perception and interactions. The place where
she is, is also the center of her point of view in the world. From this
point, some features of the environment—objects and people—will be
focal, some distal. These kinds of recurrent experiences give rise to the
CENTER-PERIPHERY schema.
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Figure 6.2: CENTER-PERIPHERY schema (adapted from Johnson, 1987, p. 124)

As noted by Johnson (1987), the CENTER-PERIPHERY schema is not
just a recurrent aspect of bodily interactions with the concrete, physical
world, but also in more abstract contexts:

In my “world´´ some things, events, and persons are more impor-
tant than others—they loom larger in my experience and are more
central to my interactions. Others are relatively peripheral at a given
point in time. (Johnson, 1987, p. 124)

Examples of how metaphorical projection of center-periphery schemas
are used to construe notions of relevance and importance can be found in
various discourses. Consider the following expressions:

• We found that how and when drawing is used is important. This has
implications for design in that drawing and design representation appear to
play a central role in the design thinking process. (Kokotovich and Purcell,
2000, p. 437)

• Despite its centrality as a cognitive phenomenon, research in emergence
currently lacks a comprehensive theoretical foundation (Oxman, 2002, p.
135)

• All too often design is seen as styling and producing the peripheral effect
rather than as primary innovation and the creation of significant, mean-
ingful discontinuity. (Rheinfrank and Hefley, 1994, p. 79)

These expressions are obviously not reports about what someone perceives
through the bodily senses. Rather, they are metaphorical extensions of the
embodied CENTER-PERIPHERY schema in order to describe the relevance
or importance.

As discussed in the previous chapter, a particular image schema is asso-
ciated with a particular basic logic and the CENTER-PERIPHERY schema is
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no exception. The experiential logic of the CENTER-PERIPHERY schema
is described by Lakoff (1987, p. 274) as that which is peripheral is depen-
dant on that which is central, but not the other way around.

However, as elaborated on by Johnson (1987), experiences of CENTER-
PERIPHERY typically involve impositions of other schemas, such as NEAR-
FAR, CONTAINMENT, and INNER-OUTER. Consequently, center-periphery
recruits some of its logic from these schemas. Interestingly enough, the no-
tion of document similarity as described by Salton et al. (1994) that I use in
this example seems infused by a NEAR-FAR structure: that which is close to
an entity is supposedly more similar compared to that which farther away.

The structural elements of CENTER-PERIPHERY schemas include an
entity, a center and a periphery (Lakoff, 1987). The entity is that which is
at the center in relation to a periphery. In this context en entity can be a
specific text, a document in a collection of documents. By attending to that
specific text, we can think of that text as being at the center in relation to
the other documents that are considered to be—more or less—peripheral
in relation to the center document.

The visualization

How can the image-schematic structure of CENTER-PERIPHERY inform
the design of document relevance? In the following I will outline a con-
ceptual design that shows one example of how center-periphery can serve
as a key element for interactively conveying inter-document relevance.

In figure 6.3, a subset of the document collection is displayed. At this
stage, representations of the documents are laid out as to satisfy the simi-
larity measure calculated according to the formula by Salton et al. (1994).
There are as yet no explicit cues at the interface to suggest a CENTER-
PERIPHERY relation between the documents. However, by maintaining
the notion of similarity-as-proximity underlying the similarity measure of
Salton et al. (1994) there is a NEAR-FAR structure that suggests that docu-
ments that are spatially close also are semantically close.

Implicitly, the interface has a CENTER-PERIPHERY structure consid-
ering that a user may direct her attention to a specific document represen-
tation. The rest of the documents will be spatially more or less peripheral
to the entity attended to by the user.

Now, assume that the user is expressing that she is attending to a spe-
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Figure 6.5: An extended periphery

cific document, say “Frohlish et al. (1989)” by pointing and clicking with
the mouse. In order to make the CENTER-PERIPHERY structure not only
implicit, but also explicit, the selected document is at this stage circum-
scribed by concentric circles (see figure 6.4). Documents that fall outside
the outermost circle are rendered almost translucent as to suggest that they
are still there, yet not competing for the users attention.

The documents that are within the concentric space are rendered more
or less opaque depending on how central they are in relation to the selected
document. The concentric space defines a space of relevance that is occupied
with documents that are relevant enough in relation to the document at the
center.

The size of the space of relevance can be determined by the user by
means of stretching the limit for what is considered to be the periphery.
This could be realized—for instance—by a pointing action towards the
center document combined with a spinning of the mouse wheel. As shown
in figure 6.5, the space of relevance has been enlarged. At this stage, not
only the “Whittaker et al. (2000)” document is within the confines of the
space of relevance, but also four additional documents. These documents
are spatially more peripheral than “Whittaker et al. (2000)”, but also more
semantically peripheral (given that we can trust the underlying data).
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Figure 6.6: Overlapping CENTER-PERIPHERY structures

Now, let’s assume that the user wants to find out which documents are
relevant both in relation to “Frohlish et al. (1989)” and “Sellen (1995)”.
In this example design, this information need is addressed by allowing
the user to select multiple CENTER-PERIPHERY structures (as shown in
figure 6.6). Even though the two center documents are relatively far apart
and do not fall within the confines of each other’s spaces of relevance, the
spaces overlap. This overlapping space is occupied by documents that are
relevant enough to both center documents. In this particular case, only
one document (“Sanderson et al. (1994)”) occupies the overlapping space.

6.4 Related research on embodiment and design

The use of image schemas has been suggested by Raubal et al. (1997) to
be of value in the structuring of physical space as to facilitate and model
wayfinding behavior. They present a methodology that in three steps
makes use of image schemas. First, interviews are conducted to gain in-
sights into peoples’ spatial experiences from an application space (e.g. an
airport). These interviews concern how people solve wayfinding tasks, for
instance, finding a particular place in an airport from a given start point.
Second, from these interviews, image schematic structures are extracted
that reveal how people make sense of space while performing wayfind-
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ing tasks in the application space. Third, based on the extracted im-
age schematic structures the application space is analyzed in terms of its
qualities concerning wayfinding. According to Raubal et al. (1997), this
methodology is a way of attaining a form of user involvement in the pro-
cess of organizing—or reorganization—the application space that better
caters for actual use of space because of it focus on experiential space rather
than Cartesian space.

I find the work of Raubal et al. (1997) relevant in relation to the design
of information visualization artifacts for two reasons. First, the approach
brings Embodied Realism and image schemas to design of artifacts. Second,
the way image schemas are used in this approach caters for a possibility to
pinpoint what I take to be an important difference between possible uses of
image schemas in design. Raubal et al. (1997)—first and foremost—treat
image schematic structures as representations of space, or more precisely, as
representations of spatial qualities of an application space as they pertain to
wayfinding behavior in that particular space. In doing so, they suggest that
image schemas—that emerge through concrete, corporeal interaction—
can support design for wayfinding activities that primarily are concrete
and corporeal (and, one might plausibly suggest, social but this aspect is
not treated by Raubal et al. (1997)). The approach suggested in this thesis
is different with respect to this aspect because it stresses the metaphori-
cal projections of image schemas in the peoples’ ways of making sense of
abstract qualities of information. This projection is—to the best of my
knowledge—not addressed in Raubal et al. (1997) approach to modeling
and design of wayfinding.

An interesting example of research that also draws on embodied cog-
nitive models, including image schemas, as an informing element for visu-
alization of abstract information is presented by Rennison and Strausfeld
(1995). Their work seeks to simulate the kind of interactive information
exchange one would have with an ideal expert that dynamically presents
the user with an information space that shows the relations between arti-
facts. Rennison and Strausfeld are specifically concerned with artifacts of
arts, philosophy, politics and science from the period between 1906 and
1918. The use of image schemas and other kinds of cognitive models serve
the purpose of lending structure to the way artifact representations are pre-
sented to the user.

The work of Fabrikant (see for instance Fabrikant, 2001a,b) addresses
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visualization and spatialization of non-spatial data from a geographic, car-
tographic perspective. She suggests that geographical metaphors can be
utilized to mitigate problems related to information access. Alongside geo-
graphic and Benediktine space, she proposes cognitive space as one of three
foundations that may serve to formalize and visualize views of non-spatial
data (Fabrikant, 2001b). Theoretically, her notion of cognitive space is
informed by the work of Lakoff and Johnson.

In Scandinavia, Svanæs (2000) addresses the concept of interactivity
from a phenomenological perspective. His work is not oriented towards
visualization of abstract information specifically, but in its general outlook
it is related to the work that I present. He identifies a number of what
he refers to as blind spots in current approaches to and theories of inter-
action. Above all, he takes it to be a problem of current approaches that
the role of the body is neglected. He elaborates on a number of so-called
non-Cartesian, phenomenological alternatives. Alongside phenomenolo-
gists such as Heidegger and Merlau-Ponty, he put forwards Mark Johnson
as representing a philosophy that highlights the role of the body in under-
standing.

Another PhD thesis that aspires to draw from the lessons of embod-
ied realism in the context of human-computer interaction is presented by
Imaz (2001). Whereas the approach suggested in my thesis addresses a
visualization challenge that emerges from computerization, the approach
of Imaz (2001) takes a somewhat broader perspective. By incorporating
a wide range of concepts associated with embodied realism (or experien-
tialism, as preferred by Imaz) he proposes a HCI framework that aims at
explaining the roots of HCI and concepts as well as supporting design ac-
tivities. The concepts from Embodied Realism used by Imaz are not limited
to image schema, but also include stories, conceptual blending and inte-
gration. There is a definite kinship between the work of Imaz (2001) and
that presented here. Both approaches draw on embodied realism in the
context of HCI and wish to support design activities. However, perhaps
the most striking difference is that my approach is exclusively and explic-
itly aimed at designing non-arbitrary mappings from abstract information
to concrete representations.
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6.5 Embodied realism for design: a reflective summary

What makes the concept of image schemas interesting to use as an element
in design is a combination of its supposedly intersubjective character and
its role as a constraining factor in both design and sensemaking in use of
visualization artifacts.

As the examples in this chapter may have shown, the particularities of
a specific design do not follow in a rule-like fashion from the schemas. A
design that involves—say—a CENTER-PERIPHERY schema could realize
that schema in potentially infinitely many ways. In the document rele-
vance example design, my realization of the CENTER-PERIPHERY schema
depended on concentricity, distance, color, intensity, all laid out in a two-
dimensional screen space.

Other realizations are obviously possible, perhaps by utilizing three-
dimensional screen space (or even real space), sound, force, depth-of-field
and other means to accomplish the interactive experience of relevance
through CENTER-PERIPHERY.

The point is that one can think of an image schema as something
that specifies an abstract theme for the design. The particular designed
artifact is always a concrete variation of that theme. To ground design in
embodied realism and image schemas always call for a rendition on part of
the designer. As I see it, a particular expression for abstract information
cannot be deduced from image schemas. However, image schemas may
suggest and constrain design

Although the main guiding concept of the massification approach is
that of meaningful experiences, there are reasons to believe that the same
approach may be used for the opposite purpose. OSMOSE—the brain-
child of Canadian artist Char Davies—is an immersive virtual environ-
ment which exhibits some truly experiential features. Instead of providing
meaningful experiences, Davies’ intention seems to be the opposite:

In the case of OSMOSE, an experiential context is constructed in
which culturally learned perceptual/conceptual boundaries are os-
motically dissolved, causing conventional assumptions about inte-
rior, exterior, mind, body and nature to be questioned by the im-
mersed participant. (Davies, 1998, p. 65)

It is striking how Davies’ approach violates what the embodied approach
suggests. Still it is very experientialist in nature; the fundamental difference
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is to be found in the intentions of the two approaches. Although Davies
never mentions image schemas, she recognizes similar recurrent structures
of experience (boundaries, inside/outside, etc) as an important aspect of
sensemaking and by deliberately designing the interface in a way that is
not in accordance with those structures, she provides for the experience of
ambiguity and paradox.

Is embodied realism foundational enough?

In the previous chapter I presented criticism that has been addressed to
embodied realism. That criticism concerned the theory as such and not its
virtues and vices in a design context. Criticism of the latter sort is presented
by Coyne (1995). Coyne’s censure is addressed from a phenomenological,
Heideggerian perspective and I find it both severe as well as a help to artic-
ulate my views on embodied realism and design.

Partly, Coyne is sympathetic to the embodied view on metaphor as
presented by Lakoff and Johnson. He points out that this view is relevant
with respect to information technology in different ways. The view chal-
lenges pervasive methods and models related to information technology
that rests on assumptions of meaning and reason as ´´pure and transcen-
dent” phenomena, as well as the hope that computers one day will be able
to reason. The message of Lakoff and Johnson is that we need not to take
deeply rooted conceptions related to information technology at face value,
as logical necessities.

Indeed, Coyne suggests, the computer does reflect human embodi-
ment as presented by Lakoff and Johnson. Image schematic structures,
such as CONTAINMENT, FORCE and BALANCE are pervasive in computer
systems.

To this I can not but agree. As Coyne stresses, some descriptions of
computer systems are profused with image schematic structures: CON-
TAINMENT (storage devices), PART-WHOLE (file organization), CENTER-
PERIPHERY (operating system organization), VERTICALITY (access levels),
to name a few. And as instantiated in computers, they map very well
onto “reductive Cartesian notions of space and geometry” (Coyne, 1995,
p. 268). According to Coyne, the kind of embodiment that Lakoff and
Johnson’s account offers is an embodiment that promotes binary logic and
Cartesian geometry. Coyne maintains that the computer invested with this
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bodily meaning is a computer that also fosters and promotes applications
and use that resonate with logics and Cartesian geometry and at the same
time demotes other—potentially desirable—ways of using computers.

Coyne suggests that we should consider what kind of applications there
could be if we consider other possible embodiments than those that favor
reductive Cartesian space and binary logic. Again, I do agree, but for a
different reason than Coyne, I believe. The fundamental issue, it seems, is
if the structure of the technology implies a certain kind of use: does a com-
puter devised according to binary logic imply—by necessity—a “binary”
use? I do not think so, but I think that is what Coyne is suggesting.

As I argued in chapter 3, the cognitivist view of computing (which is
largely what Coyne is criticizing) seems reflexive in the sense that is asso-
ciated with a view of not only machines but also of minds and users as
machines. As much research suggests, this view of the user is not adequate
at making sense of the experiential aspect of use, the felt meaning of use. It
seems as if Coyne is primarily criticizing a view of machines rather than a
view of users. It is analytically and pragmatically feasible to make a distinc-
tion between computational aspects and experiential aspects of information
technology. Lakoff, Johnson and embodied realism is one among many
theoretical strands for exploring different and rivaling ways of shaping the
experiential aspect of information of technology.





7

ASSESSING THE PRESENCE OF EMBODIED REALISM

IN VISUALIZATION ARTIFACTS

7.1 Introduction

The discussion of embodied realism as a guiding theory for design of infor-
mation visualization artifacts has so far—for obvious reasons—been con-
centrated exclusively on what might be considered pure design aspects of
the approach. However, closely associated to the design activity is the eval-
uation or assessment activity: how do we assess the presence of embodied
realism in designed artifacts? The answer to this question is by no means
straightforward and it most plausibly depends on the purpose of the assess-
ment: what is it that the designer seeks to capture with the prototypes used in
the assessment? What is it that we want to achieve by an assessment? In the
following I will go into what purposes there might be and what purposes
that I take to be relevant in relation to the context of this thesis.

7.2 Artifacts of theories

In the context of scientific observations, Hanson (1958) stresses that the
content of observations is not a matter of mere passive perception, but
rather to be understood as a blend between prior knowledge and what
is picked up by the senses. As Hanson suggests, observations are theory-
laden. Analogous to this view, it is sometimes argued that designed artifacts
inevitably will include manifestations of the designer’s pre-conceptions in
such a way that we may understand the artifacts as theory-laden. As an
example, the discussion by Sunstein (2001) of the web and personalization
technology may be interpreted as if that technology embodies—is laden
with—certain conceptions of what constitutes a good society even if not
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explicitly articulated or intended by designers. In a similar vein Talbott
(1995) advocates that technology embodies the thoughts and beliefs of
their makers in non-obvious ways:

[. . . ] what we have embodied in technology are our own habits of
thought. Yes, our artifacts gain a life of their own, but it is, in a
very real sense, our life. We too easily ignore the ways in which
we infuse these artifacts with the finespun web of our own, largely
subconscious habits of thought. (Talbott, 1995)

The examples mentioned above indicate situations where designers
unintentionally—or by accident—transfer part of themselves into the ar-
tifacts that are subject to design.

In this respect, the problem that I address is somewhat different in that
it is associated to the possibilities of intentionally—or by design—ascribing
the theory of embodied realism to visualization artifacts. However, a more
general issue is at stake here: is it possible for an artifact to embody the-
ory in general? What kind of relation is an embodiment relation between
artifact and theory?

Theory-based design and hermeneutic interpretation of artifacts

Carroll and Kellogg (1989) address what seems to be a dichotomous dis-
tinction between theory based design and hermeneutic interpretation of
HCI artifacts. The former refers to a view where—primarily—psychological
theory is looked upon as a body of knowledge that can serve as a basis for
design of HCI. According to this view, theory precedes artifacts. As observed
by Carroll and Kellogg, this is not necessarily always the case. On the con-
trary, sometimes artifacts precedes theory. The notion of direct manipulation
is mentioned as an example where a theoretical body of knowledge started
to evolve around an already existing class of artifacts that exhibited certain
characteristics that later came to be known as direct manipulation. Put dif-
ferently, it was not the case that artifacts with those characteristics some-
how followed from a theory of direct manipulation. Direct manipulation
is rather to be understood as a theory seeded by a hermeneutic interpretation
of artifacts, according to Carroll and Kellogg.

Both of these views are associated with some problematic issues. Car-
roll and Kellogg report on criticism that suggest that psychological theory
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may inform HCI design but only at a fairly low level and for idealized use
contexts. The hermeneutic approach, on the other hand, falls short con-
cerning methodologies and rigor concerning how to make use of artifact
interpretation in the design of new artifacts.

As to reconcile some of the richness of the hermeneutic approach with
the body of knowledge and systematicity of psychological theory, Carroll
and Kellogg suggest that HCI artifacts embody theory and that artifacts
may be a proper medium for theory development. What does it mean
for an artifact to embody theory? Carroll and Kellogg suggest that HCI

artifacts—by virtue of their design—can be understood as making psy-
chological claims. A claim refers to features of the artifact design that is
motivated by a general psychological principle.

HCI artifacts embody psychological claims in contexts of use: as-
pects of the interface engender psychological consequences and in
this sense make claims about the user’s behavior and experience.
(Carroll and Kellogg, 1989, p. 8)

Considering that Carroll and Kellogg exclusively discuss embodiment
of psychological theory in HCI artifacts, one might ask if it is possible to
generalize their stance to encompass embodiment of theory in general? I
suggest that there are reasons that HCI artifacts may embody theories other
than psychological ones. The text of Carroll and Kellogg (1989) emanates
from a historical context with an ongoing debate concerning the usefulness
or otherwise of psychological theory in the field of HCI (see for instance
Carroll and Campbell, 1989; Landauer, 1991). This, in conjunction with
HCI’s roots in user psychology makes it very reasonable to focus on psycho-
logical theory. However, what I interpret as the gist of Carroll and Kellogg’s
position is that artifacts may embody claims that are more general than the
features of the particular artifact. These claims can potentially be grounded
in theories of psychology, physiology, sociology, aesthetics, meaning, and
other bodies of knowledge pertaining to HCI design and use.

On a related note, Orlikowski (2000) discusses different views con-
cerning the relation between structures and technological artifacts in or-
ganizational settings. In resonance with the view of Carroll and Kellogg
(1989), she gives examples of research that suggests that technological ar-
tifacts have embedded and embodied structures that govern practices in or-
ganizations. Among examples of such research, she mentions her own
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previous work (Orlikowski, 1992) where it was maintained that technol-
ogy is invested with built-in interpretive schemes regulating the way work
is carried out. A further example is the work by Latour (see for instance
Latour, 1999) on inscriptions. The notion of inscriptions refers to:

[. . . ] all the types of transformations through which an entity be-
comes materialized into a sign, an archive, a document, a piece of
paper, a trace. (Latour, 1999, p. 306).

An entity may refer to an interest, a rule, a theory or something else that
takes on a material form in the shape of an artifact. In my understanding of
Latour, inscriptions are to be understood as embodiments of such interests,
rules, theories or whatever it is that is inscribed.

As a contrast to such embodied views, Orlikowski presents a kind of
understanding that takes structure to be an emergent property of artifacts
and use. According to this view, artifacts do not—in and of themselves—
constitute a materialization of rules, norms and other aspects of structure.
On the contrary, this view suggest that the governing capacity of techno-
logical artifacts is enacted:

While a technology can be seen to embody particular symbol and
material properties, it does not embody structures because those are
only instantiated in practice. (Orlikowski, 2000, p. 406)

This view does not seem to imply an altogether contextualist stance,
where the qualities of technological artifacts per se do not matter. Con-
versely, it is in the interaction with “particular symbol and material proper-
ties” that structures emerge. Hence, artifacts—as products of design—can,
according to this view, influence formation of structures, but not by virtue
of embodying structures.

Embodiment or expression of theory?

It is by no means obvious that the discussion of embodiment of theories
and structures ought to be one and the same, considering that theories
and structures are different animals. In my discussion in this section I
have—in spite of that—treated the terms as if they were one and the same
concerning the possibility of being embodied or embedded in artifacts.
However, there is a similarity in as much as both theories and structures
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may be understood as something more abstract than the artifact as such.
Theories, structures, values and beliefs may be framed as what might be
called super-artifactual properties.

The embodiment stance (as presented by for instance Carroll and Kel-
logg) evokes interesting issues. The stance is largely artifact oriented. The-
ories embodied by an artifact are to be exposed by means of artifact inter-
pretation.

As a thought experiment, a scenario can be imagined where two dis-
tinctly divergent design processes result in essentially one and the same
artifact designed to meet the peculiarities of a use context. One process is
explicitly driven by theoretical principles that are to be embodied in the ar-
tifact. The other process is atheoretical through and through, only guided
by concerns related to the use context. Would the artifacts be considered
to be equally embodied with theory? Does it matter if the embodiment
was intended? In my reading of Carroll and Kellogg, the answer seems
to be ‘yes’ to the first question and ‘no’ to the second. This is a plausible
way of thinking about theories and artifacts. It seems close to paradox to
assert the opposite, that two essentially identical artifacts differ in terms of
theoretical embodiment depending on the designer’s intention. The em-
bodiment would not be on part of the artifact and, hence, it would not
make sense to speak of the artifact’s embodiment of theory.

However, if we accept this position—that artifacts are self-sufficient
embodiments of theory—how do we handle what may be referred to as
the historicity of theories? Consider for instance direct manipulation, one
of the examples used by Carroll and Kellogg. Direct manipulation inter-
faces existed prior to theories of direct manipulation interfaces. Did direct
manipulation interfaces embody the same theory at the time when Shnei-
derman (1982) spurred the research on direct manipulation, as they do
today, when we have relatively refined theories on this particular subject
matter? If the answer is ‘yes’, the endeavor of cumulative theory produc-
tion appears to be futile. Why bother with theorizing HCI artifacts if the
embodiment of theory remains the same? If the answer is ‘no’ instead, it
entails that what theory is embodied in an artifact is an historical matter
depending on what theory there are at a particular point in time. If that
is the case, it seems—once again—odd to speak about the artifacts em-
bodiment if it is also contingent on what is known about subjects matter
pertaining to the use and design of artifacts.
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The above argument hints at some potential problems with the view
of artifacts as embodiments of theory from an analytical point of view. To
escape from this situation, it seems necessary to resort to not see artifacts
as embodiments of theory, but as expression of theory, which is a different
relation between artifacts and theory. Embodiment of theory is close to an
identity relation: the artifact is the theory revealable through hermeneutic
interpretation. Artifacts as expression of theory is a reflexive relation that
stresses the dynamics between artifacts and theory. To understand the rela-
tion between theories and artifacts as reflexive is to suggest that an interpre-
tation of HCI is—and ought to be—informed and disciplined by existing
theory. These interpretations, in turn, may contribute to refinement and
reconsideration of existing theories.

Methodological implications

To emphasize artifacts as expression of theory is to refrain from making
an ontological commitment concerning if artifacts embody theory or not.
This may seem to be a cowardice stance, but given the problem and pur-
pose of this thesis, I consider it to be a plausible and pragmatically sen-
sible stance. The crucial question is: would it make a difference—in the
thesis—if theory actually is embodied in artifacts or if artifacts can be in-
terpreted as expression of theory? I think not.

However, what makes a difference is what theory artifacts do express.
For instance, if we are concerned with psychological theory—as in Carroll
and Kellogg (1989)—that particular theory calls for specific ways of as-
sessing if and to what extent the artifact in question do express the theory.
If what is at stake is if a certain artifact expresses structures governing the
practice in an organization or society—as in Orlikowski (1992)—a differ-
ent way of assessment is called for.

Generally speaking, different theories entail different consequences. In
order to assess artifacts with respect to a specific theory, the specific conse-
quences of that theory need to be taken into consideration. For instance,
consider a situation where someone wants to assess if a building expresses
Andrea Palladio’s (see for instance Ackerman, 1966) architectural princi-
ples. Such an assessment would most likely take the form an interpretation
of the building in itself considering that these principles are expressed in
terms of ideal arithmetical proportions between features of the building.
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Another kind of theoretical principle could for instance concern the re-
lation between architectonic features and their effect on navigability. A
more appropriate way of conducting the assessment of a building with re-
spect to the expression of theoretical principles of that kind would be to
not only take into consideration the architectonic features alone, but also
the empirial entailments associated with the theory.

What I take to be an important issue is that to assess the expression of
theory of a given artifact is—method wise—largely dependent on the the-
ory. The particular consequences of a given theory ought to discipline the
interpretation of the artifact and the assessment of its expression. Other-
wise, there is a risk that assessment becomes too lax and subjective. This is
also suggested by Carroll and Kellogg (1989), with respect to psychological
theory, but–as I have argued in this section—this goes for other theories as
well.

Scriven (1967) makes a distinction of what he refers to as intrinsic eval-
uation and pay-off evaluation that I find useful in this context. An intrinsic
evaluation seeks to articulate qualities of the artifact as such. Pay-off evalu-
ation seeks to articulate what the artifact renders in terms of consequences.
When it comes to do evaluations of theoretical expressions of artifacts, I
find both kinds of evaluations important. Considering that what is at stake
is if artifacts can express theory, intrinsic evaluation is important in order
to associate—or dissociate—qualities of the artifact in relation to the the-
ory. Pay-off evaluation is important because it serves as a means to associate
theoretical expressions in the artifact to empirical entailments of the the-
ory. To just do intrinsic evaluation would be to confine the assessment to
the judgment of the one making the assessment. To just do pay-off eval-
uation would be to address the artifact as a black box and not take it into
account as a unified composition of features that potentially are expression
of theory.

Artifacts as expressions of theory: a summary

I started out this section by asking the question if artifacts can embody
theory. My argumentation suggests that to answer that question in the
affirmative leads to some difficult issues that are important and interesting,
but perhaps not crucial given the problem and purpose of this thesis. As an
alternative I suggest a stance—drawing partly on the work by Carroll and
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Kellogg (1989)—that artifacts can be interpreted in terms of what theory
it expresses. In doing so, I acknowledge that the concrete and particular
qualities of an artifact may express something beyond the artifact in and of
itself.

The question if information visualization artifacts can be designed as to
express the theory of embodied realism is a special case of the more general
question—if artifacts can express theory. In spite of being an instantiation
of a general question, this special case cannot be treated in a general way.
As my argumentation points at, each specific theory encompasses its own
set of peculiarities and empirical entailments and should be addressed as to
take that into consideration.

Prototypes, assessment and purposes

As a part of investigating and to assess if and to what extent it is possible
to inscribe visualization artifacts with embodied realism I have designed
and implemented prototypes. However, it is not necessarily obvious what
a prototype is a prototype of. Houde and Hill (1997) presents a model of
what prototypes may prototype (see figure 7.1).

The model suggests that any given prototype can be described in terms
of a balance between implementation, look and feel and potential role for
the user. A prototype that leans toward the implementation vertex of the
model aims at prototyping aspects that are related to technical issues. Pro-
totypes that have the purpose to model the look and feel of a future artifact
are designed as to capture aspects that are related to the concrete, interac-
tional experience of the artifact.

Houde and Hill point out that a prototype may refer to a representa-
tion of a design idea regardless if it is the result of a design activity in a
commercial or research oriented setting. In spite of developing prototypes
for research purposes, I find it somewhat difficult to define the purpose
of my prototypes in terms of the model of Houde and Hill. It seems to
me that the notion of prototypes as used by Houde and Hill implies that
a prototype primarily is a prototype to something more full-fledged, to a
product of sorts.

Prototypes, according to this view, are largely approximations of prod-
ucts yet-to-be-implemented. However, prototypes may serve other pur-
poses as well. A prototype understood as a representation of a design idea
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Role

Look and feel

Implementation

Figure 7.1: Different purposes of prototypes (Houde and Hill, 1997)

Role

Look and feel
Implementation

Theory

Figure 7.2: An extension of the model to incorporate theoretical underpinning

may also be prototypical in relation to the theoretical underpinnings of
the design in question. Prototypes, according to this view, are largely ap-
proximations of theory. This view—that I find more appropriate for my
concerns—is not at odds with the view that I ascribe to Houde and Hill.
Rather, I suggest that their model may be extended as to also cater for an
articulation of a given prototype’s approximation to a theoretical founda-
tion (see figure 7.2). This extension of the model makes it possible to
articulate that the purpose of a prototype is first and foremost to repre-
sent theory—in my particular case, embodied realism. However, as also
stressed by Houde and Hill, a prototype may consitute an integration of
the different dimensions and they need not to be mutually exclusive. But
for some research purposes, including the ones of this thesis, it may be of
greater importance to focus on aspects of a prototype design that stress the
underlying theory.

Perhaps this dimension of prototypes are of most concern to proto-
types that are devised in research contexts. One might argue that it should
not be the ultimate goal in and of itself to make a prototype reflect the-
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Artifact

User Designer

Figure 7.3: Sources for assessing image schematic structures

ory, embodied realism or otherwise. Rather, the ultimate purpose could
be formulated in terms of some normative imperative: HCI ought to cater
for user-centered design, design processes ought to involve users or inter-
faces ought to adapt to the need of the individual user. To the extent my
work is characterized by such an imperative, my work can be described as
striving towards a design of information visualization artifacts where the
experienced meaning ought to be accessible through the artifact. To strive
towards these kinds of ultimate goals, it seems necessary—as part of basic
research—to allow for prototypes that emphasize theory.

Artifacts and interaction as object of assessment

In order to evaluate designed prototypes there are a number of options to
consider and—again—which option is the most appropriate hinges on the
purpose of the assessment. As illustrated in figure 7.3 the data that is used
in an evaluation with respect to image schemas can stem from different
sources.

One possible way is to “reverse engineer” the design process by exam-
ining assigned artifacts in order to identify image schematic structures at
the interface as I did previously in this chapter. Such an approach is close
to what Löwgren and Stolterman (1998) refer to as retrospective reflection.
This kind of reflection is a way of gaining insights into the thoughts and
ideals of the designer that influenced the design of the artifact in question.
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As noted by Löwgren and Stolterman (1998) this kind of method is first
and foremost used as a means to improve on the reflecting individuals’ own
design ability in terms of the sensibility it takes to recognize what necessary
product qualities are in the design of artifacts.

This kind of artifact oriented assesment resonates with what Virzi (1997)
refers to as usability inspection methods, including heuristic evaluation (Nielsen,
1994). This class of methods is characterized by not observing users inter-
acting with the artifacts. Instead, the artifact as such is what is subject to
the scrutiny of an expert evaluator.

One problem concerning assessment based on an alleged expert ex-
amining a ready-made product is that it leaves some to be desired when
it comes to certainty. Even if an examiner identifies what she takes to be
salient image schematic structures in a given user interface, how do we
know that these structures come into play in actual use of the interface?
This issue is particularly acute when the examiner and designer is one and
the same person, as is the case in this thesis.

As discussed by Karat (1997), usability assessments of the inspection
kind is particularly beneficial early in the design process, but should not be
treated as a replacement for empirical evaluation involving users.

To address this issue and to reduce uncertainty a possible route is to
study other people’s interaction with information visualization artifacts
that are designed guided by embodied realism. Unfortunately the work
by Lakoff and Johnson largely depends on examples and illustrations made
up by the authors. These examples are typically very convincing but their
work gives little support concerning methods for assessing the presence
of image schemas in actual discourse. However, other researchers in the
area of embodied realism and image schemas have contributed in such a
way that it lends some help in making empirical assessment. In the fol-
lowing, examples of such work will be reviewed. Some of the work is
quite closely associated to design, whereas other examples take on a more
psycho-linguistic approach.

Examples of empirical assessment of images schemas

The research by Raymond W. Gibbs, Jr. can be understood as bringing
the methodological tradition of experimental psychology to research on
embodied realism. His work is focused on the mundane (in contrast to in-
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tentionally, artistic) use of figurative language and thought Gibbs (1994).
Thus, his work is intimately associated to that of Lakoff, Johnson and
others with the difference that Gibbs addresses the subject matter from a
more empirical and experimental point of view. Gibbs and Colston (1995)
presents a discussion on how different empirical studies can be interpreted
as supporting the claim that image schemas are important element in hu-
man understanding.

In one example of such a study, Gibbs et al. (1994) were concerned
with the polysemous meaning (e.g. same word, different but related mean-
ing) of the word stand. Consider the following examples of sentences from
Gibbs et al., p. 351:

Please stand at attention. He wouldn’t stand for such treatment.
The clock stands on the mantle. [. . . ]

.
Gibbs et al. ran a series of experiments in order to show that seem-

ingly different senses of stand is partly motivated by and explainable in
terms of embodied experience and image schemas. In the first of this series
of experiments, participants were instructed to in a concrete and bodily
sense explore the experience of standing by performing a set of exercises
(mover around, bend over, etc). After the physical exercises, participants
read descriptions of different image schemas and were asked to rank them
with respect to their own, subjective experience of standing. The results
of this study showed that the image schemas BALANCE, VERTICALITY,
CENTER-PERIPHERY, RESISTANCE and LINKAGE seem to be five most
frequent schemas involved in peoples conception of stand. However, the
main point here is not to discuss the results as such, but rather to point
of the possibility of making empirical assessment of image schemas. This
experiment was followed up by other experiments that supported the claim
that the polysemous meaning of the word stand can partly be explained in
terms of embodied experience. However, as pointed out by Gibbs et al.,
there are also aspects of polysemous meaning that do not have to do with
the embodied experience of standing.

Another example of research that addresses issues of image schemas
and embodied experience from an experimental, empirical point of view is
that of Boroditsky (2000). In a thorough study, she set out to empirically
assess if—as suggested by embodied realism—people’s experiences of ab-
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stracts domains are structured by means of metaphorical projection from
concrete, bodily experience. More specifically she was concerned with em-
bodied experience of time.

In one experiment, Boroditsky set out to study if people use spa-
tial schemas to structure their experience of time. If they do, Borodit-
sky hypothesized, it should be possible to affect how people think about
time by affecting how they think about space. In this particular experi-
ment, two spatial schemas, each with its own logic, were of interest: the
ego-moving metaphor (e.g. I am approaching the deadline) and the time-
moving metaphor (e.g. The deadline is approaching). The experiment was
carried out by letting each participant first answer a set of questions. The
set consisted of questions about spatial relations illustrated by pictures that
used one of the two schemas. The questions served the purpose of prim-
ing the participants with a certain way of thinking about space. After
that, participants were asked a temporally ambiguous question to which
the seemingly correct answer was dependent on which of the two schemas
the participant used in the interpretation of the question.

Empirical assessment of images schemas in use of artifacts and environments

The examples of assessment of experiences with respect to embodied ex-
perience presented in the previous section can be said to serve the purpose
of contributing to the improvement of embodied realism as such. In this
section I present examples of research that I find more focused on using
embodied realism more pragmatically to make sense of a specific domain.

In the study on the structuring of airport space with image schemas,
Raubal et al. (1997) presents a methodology for empirically assessing what
image schemas people use in wayfinding tasks. The presented method-
ology consists of three different steps. First, people were shown a series
of pictures of an Austrian airport and asked to describe how they would
behave in order to get from one location to another with respect to ar-
chitectural features of the airport. Second, transcripts of these interviews
were analyzed in order to extract image schemas. This extraction process
draws on previous work by Mark (1989) and is also employed by Freund-
schuh and Sharma (1996). This extraction process involves identification
of mappings from concrete interview utterances to more abstract image
schematic structures. Some examples from such mappings are found in
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table 7.1 which also shows the notation used to express identified images
schematic structures.

Table 7.1: Examples of extraction of image schemas as presented by Raubal et al.
(1997)

Expression Image schematic structure
Now I move to the ticket counter PATH(I, ticket counter)
My eyes are more attracted to the
yellow letters ATTRACTION(I, letters)
I enter the gate CONTAINER(gate)
Signs hanging from the ceiling VERTICALITY(signs, ceiling)

The reason for doing this kind of analysis is—as I understand it—to
make an abstraction of peoples experiences of wayfinding in the airport
domain and thereby structure the experiential space. To the best of my
knowledge, Raubal et al. (1997) do not perform any statistical tests or the
like on the extracted image schemas. The way they use the method seems
to aim at approximating a qualitative understanding concerning have peo-
ple make sense of there spatial experiences of the airport. However, it seems
entirely possible to also incorporate a quantitative element to the analysis.
Such an approach could most likely be beneficial in, say, comparison be-
tween the experiences of different airport designs or in the assessment of
dominating image schemas.

The work by Maglio and Matlock (1999) (discussed previously in this
chapter) draws methodologically on the work by Raubal et al. (1997).
Maglio and Matlock (1999) also focus on linguistic data in order to as-
sess what image schemas characterize peoples’ conceptualizations of expe-
riences from the World Wide Web. Participants in the study initially filled
out a form concerning prior experiences of computers and the World Wide
Web. After five minutes of free browsing using the Netscape Navigator web
browser, participants in the study were assigned a task that involved brows-
ing in the hierarchically organized collection of web pages provided by the
Yahoo web site (http://www.yahoo.com) and gaining access to the infor-
mation using the mouse. After the browsing task, an interview followed
where the participants were asked about what they had done during the
task.

The data—transcripts from the interviews—were coded by means of
categorizing them into different kinds of verb phrases that reflected users’
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experiences. Examples from Maglio and Matlock (1999) of such phrases
are:

I clicked on the grapes icon. I went into this thing called Yahoo.
Yahoo! contained some cool stuff.

Phrases such as these were coded using a verb coding scheme consisting
of seven different kinds of phrases as shown in table 7.2.

Table 7.2: Coding scheme used by Maglio and Matlock (1999, p. 164)

Category Examples
Outside click, press, type, scroll
Inside go, follow, have,

TRAJECTORY go, come, bring, follow
User Agent go, follow
Web Agent bring, come up, bring, show

CONTAINER have, contain
Information Action look for, lookup, search

Miscellaneous look, see

Maglio and Matlock (1999) employed a combination of qualitative
and quantitative analysis of the participant’s experiences of the Yahoo in-
formation space. The quantitative analysis compared the frequency of dif-
ferent kinds of verb phrases among beginner and expert participants using
χ2 (chi square) test. For instance, the frequency of the trajectory kind of
verb phrases as uttered by beginners and experts was compared to the fre-
quency of so-called outside verbs. The point in doing so is to assess to what
extent there is a significant difference in verb usage between beginners and
experts with respect to these two categories. The main purpose of doing
so—as I understand it—is not to report on how people speak about the
Yahoo information space per se. As stated earlier, language is assumed to
be a manifestation of the underlying conceptual structure that people use
to make sense of their experiences. Thus, to assess the use of language is a
way of approaching—indirectly—assessment of conceptual structure.

The qualitative analysis made by Maglio and Matlock (1999) consti-
tutes a somewhat more relaxed stance towards the data (again, transcripts
of interviews) compared to the quantitative analysis. In the presentation
of the analysis, they point at interesting examples from the transcripts that
illustrate salient metaphoricity in the language use of beginners and expert
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users. Maglio and Matlock (1999) do not stress or articulate the different
contributions of the qualitative and the quantitative analyses, respectively.
It is my interpretation that a qualitative and interpretative analysis may
serve the purpose of arriving at and communicating a general understand-
ing of the way people speak—and supposedly conceive—of experiences
from using information visualization artifacts. A quantitative analysis with
a strict coding scheme does—by definition—involve an abstraction of the
data material and a loss of the richness that a qualitative analysis may
have. Therefore, as seen in Maglio and Matlock (1999), a combination of
both a qualitative and quantitative approach seems a reasonable way to go.
The quantitative analysis lends the possibility of applying statistical tests,
whereas the qualitative approach lends the possibility of reflection some of
the richness of peoples’ experiences of interacting with information visual-
ization artifacts. Also, although maybe not the case in Maglio and Matlock
(1999), a qualitative analysis may contribute to the formulation of coding
schemes to be used in quantitative analyses.

Towards a method for assessing embodied realism in visualization artifacts

I find the approach by both Raubal et al. (1997) and Maglio and Matlock
(1999) very promising ways of assessing what image schemas are present
in peoples’ experiences of information visualization artifacts designed from
the perspective of embodied realism. The question is how the method-
ological approach can be generalized to not only be applicable for specific
domains, like airports or specific web sites? It seems plausible to me that
it comes down to the design of the coding scheme. The coding scheme of
Maglio and Matlock (1999) was based on assumptions on the structure of
experiences of using the web. These assumptions were based on a previous
study concerning how people conceive of the web in general (Maglio and
Matlock, 1996). In order to apply a similar method for assessing what im-
age schemas are involved in the interactive experience, new coding schemes
need to be designed as to cater for the particularities of the visualization
design subject to assessment.

It seems to me that the design of the coding scheme is a crucial as-
pect any assessment of this kind that can and should be open to criticism.
Maglio and Matlock (1999) stress the importance of differentiating be-
tween what they refer to as inside and outside actions (and also miscella-
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neous actions):

In analyzing utterances, we wanted to be careful not to confuse lan-
guage referring to the information space of the web with language
referring to the user interface of the web. (Maglio and Matlock,
1999, p. 161)

To make a distinction such as this one is by no means an obvious
choice and it implies a certain view of what the web is and what consti-
tutes human-computer interaction experiences. From the point of view
expressed in this thesis, both information spaces that can be experienced
and the artifacts we use to experience them are products of design and the
overall experience is shaped by the total design. The point here is not pri-
marily to criticize Maglio and Matlock (1999). Rather, I want to stress
that coding schemes used for experiential assessment may not only reflect
the structure of possible experiences but it may also reflect the conceptions
and viewpoints on part of the one making the assessment.

Also, given a coding scheme, it seems plausible that the categorization
of a specific phrase depends largely on the one making the categorization
and also on the context that may not be accessible solely through the iso-
lated phrases that are to be categorized. For instance, in Raubal et al.
(1997) the phrase “I am in the departure hall and I can see the yellow signs
in front of me" (p. 95) is categorized as CENTER-PERIPHERY(I, ob-
jects of the departure hall). Such a categorization seems reasonable given
that the respondent seeing a distal sign that is peripheral in relation to the
respondent. However, a perhaps even more salient image schematic struc-
ture would be a FRONT-BACK schema in combination with CONTAIN-
MENT. In fact, the expression “I can see the yellow signs in front of me”
(p. 95) is coded by Raubal et al. (1997) as an instance of a FRONT-BACK
schema even though the only difference is that the “I am in the. . . ”-part is
omitted.

Suggestively, it is probably impossible to avoid elements of subjectiv-
ity and ambiguity in assessment of the image schemas involved in peoples’
experiences. However, that may not pose an insurmountable problem that
render empirical assessment impossible. Rather, it calls for certain careful-
ness and a questioning attitude towards the validity of the categorizations
that it is made in the assessment. With that in mind, the work reviewed
in this section can contribute a lot concerning ways of investigating how a
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design guided by embodied realism is experienced by users of the designed
artifacts.

7.3 Practical assessment of the presence of embodied realism

The examples and discussion of assessment above serve the purpose of
making a case for the plausibility of assessing how people experience ar-
tifacts designed from the perspective of embodied realism. I find the com-
bination of an artifact-oriented retrospective reflection with an interaction-
oriented assessment particularly interesting. By examining aspects of a vi-
sualization artifact, its design can be assessed in terms of image schematic
structure in relation to what the design is supposed to accomplish in terms
of assumed experience on part of potential users. Interaction-oriented as-
sessment, similar to the methods used by Raubal et al. (1997) and Maglio
and Matlock (1999), contributes by means of striving towards an assess-
ment of actual experience of interaction. Thus, the two kinds of assess-
ments are complementary to each other: the first one provides the means
for subjective hypothesizing about what the design may entail in terms of
user experience; the second one provides the means for putting these intu-
itions to the test by studying actual, interactive experience of information
visualization artifacts.
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VISUALIZATION OF WEB HIERARCHIES

8.1 Introduction

A theme throughout this thesis is that abstract information does not really
look like anything; you cannot smell the relevance of a document, listen to
its trustworthiness or touch its relations to other documents.

However, people do not generally encounter abstract information as
such. Rather, what are encountered are the physical manifestations of ab-
stract information. Such manifestations may take on many different forms:
diagrams, books, computer based visualizations and simulations, pieces of
art and other perceptually accessible, reifications of abstract information.

In this context, two arguments are of central importance for this the-
sis: (1) the character of the material reification influences the experienced
meaning of abstract information. (2) The conditions for designing mate-
rial reifications of abstract information is different if we compare design of
physical objects (books, binders, desktops, etc) as opposed to virtual ob-
jects (interactive interfaces, visualizations and simulations, etc). As I have
argued elsewhere in this thesis, an important aspect of this difference lies
in the multi-property nature of physical materials as opposed to the com-
paratively elusive character of virtual materials.

The point in question is that the multi-property character of physical
materials gives rise to a complex of perceptual qualities. It is this com-
plex that is object of experienced meaning. In the case of virtual object
design, all properties need to be ascribed to the object. An object with a
certain color and shape does not also acquire a certain weight. If weight is
to be experienced from the virtual object, that particular experience needs
to be provided for (just like the experience of color and shape). In con-
trast, a physical object with a certain color and shape will also have a cer-
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tain weight directly related to the chosen material. Weight—among other
properties—is an intrinsic property of physical materials, but not of its
virtual counterpart.

This chapter aims at—from a more practical standpoint than previous
chapters—investigate how embodied realism may serve as an informing,
theoretical foundation for the design of properties of the above kind. Put
differently, what is investigated is how embodied realism may—or may
not—provide fruitful insights to the design of multi-property, complex of
perceptual qualities that constitute the object of experienced meaning.

Such an investigation can take on many forms. The approach that I
make use of is best described as an attempt to design from an embodied
realist point of view and see where it leads and reflect on the experience of
doing so.

Another important aspect of investigating design informed by embod-
ied realism concerns the question if the theoretical outset for the design
seems to make a difference for the experience of using what has been de-
signed.

These two aspects of the investigation are intimately related, but still
separate. Whereas the first one emphasizes a relation between the designer
and the designed artifact, the second emphasizes a relation between the
designed artifact and a user’s experience of using it. As such, the chap-
ter investigates how embodied realism can inform design of visualization
artifacts, but also if the theory information makes a difference for the ex-
perience of using it.

The chapter draws and elaborates on work that has been previously
published in various contexts (Lund, 1997, 1998; Lund and Waterworth,
1998; Waterworth et al., 2002).

8.2 SchemaSpace: a design informed by embodied realism

The design described in this chapter is called SchemaSpace. SchemaSpace
may be conceived of as a personal information space (see Waterworth,
1997b, for an elaboration on different aspects of personal information
spaces). In terms of functionality it can be compared to the presentation
aspect of the means for accessing an organized collection of bookmarks,
that is, shortcuts to specific web pages in web browsers such as Internet
Explorer and Mozilla.
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More specifically, the data that SchemaSpace provides visualization for
is constituted by a collection of references to web pages organized into a
hierarchy of different categories. In fact, SchemaSpace takes as input the
bookmark data than can be exported and imported from and to Internet
Explorer.

It should be pointed out that I do not address problems of categorizing
web pages or documents in general: What qualifies a certain piece of infor-
mation to become a member of a certain category? What are the inherent
structures of the data? These and other questions are definitely interesting,
important and related to information retrieval and information visualiza-
tion (see Chen, 1999, for examples of this kind of research). However,
they are questions concerning something that is distinct from the problem
that I address in my thesis.

Another question concerns why I address hierarchical data instead of
trying to find novel, alternative structures for organizing and presenting
web pages? Hierarchies are a ubiquitous way of organizing not only in the
computing domain:

A large quantity of the world’s information is hierarchically struc-
tured: manuals, outlines, corporate organizations, family trees, di-
rectory structures, internet addressing, library cataloging, computer
programs. . . and the list goes on. (Johnson and Shneiderman, 1991,
p. 252)

As already mentioned, the bookmarking facilities provided by com-
mon web browsers are hierarchical. Also, web sites offering categorized
web page collections, such as dmoz.org and www.yahoo.com depend largely
on hierarchies as the main organizing principle for the data. In that per-
spective, I find it worthwhile to take on a pervasive kind of data, in terms
of structure and type of content and address it from the point of view of
this thesis. Additionally, visualization of hierarchies is a central theme in
information visualization research (see Card et al., 1999, chapter 2.4 for
an overview of research addressing visualization of trees and hierarchies).

How should an information space like this be designed? An answer
to this question—from a traditional point of view—could in part be for-
mulated in terms of functionality and ways to convey that functionality to
the user through the system image (see for instance Norman, 1988). If we
instead try to answer the question from the perspective advanced in this
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thesis we first have to reformulate the question: what kind of experiences
does the user want to experience from the interface? By posing the ques-
tion this way, emphasis is put on both the designer’s role as a designer of
meaningful experiences and on the role of the user interface as a source of
meaningful experiences.

What kind of experiences can be of interest to cater for through the de-
sign of a personal information space? Some likely candidates are presented
in the list below:

Distinctiveness which of the information references belong together, e.g., fall
under the same subject or category?

Quantity how does the number of references in a sub-collection compare to
other sub-collections found in the information space?

Relevance given that a collection of information references belong together, of
what relevance is each individual reference in relation to the subject or
category?

Connectedness how do different sub-collections of references relate to each other?

Trustworthiness is a specific piece of information to be trusted? Which, of sev-
eral, is the trustworthiest web page?

Temporality how old are the web pages?

Part–Wholeness how do a number of distinct categories make up a coherent
whole?

These are all examples of qualitative, abstract aspects of information.
Obviously, these qualitative aspects are by no means all encompassing and
a whole range of other aspects that a user might want to experience from
a personal information space can be thought of. The point is rather to
give an example of what kinds of experiences and qualities that can be the
subject of massification design.

In terms of the use of embodied realism in the design of information
visualization artifacts, a meaningful experience is an experience that al-
lows for structuring by means of metaphoric projection of image schemas.
Thus, one important step in the design process is to identify image schemas
that are associated with the qualitative aspects of the information space that
the design is meant to convey.

This identification is by no means arbitrary, on the contrary, as sug-
gested by embodied realism, there is a systematicity in the way people
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make sense of abstract phenomena by means of metaphorical projections
of embodied image schemas (see for instance, Lakoff and Johnson, 1980,
1999; Lakoff, 1987; Johnson, 1987). The premise of a design grounded in
embodied realism is to tap into this systematicity.

In the design of SchemaSpace, some of the listed qualities have been
addressed. More specifically, the addressed qualities are distinctiveness,
quantity and connectedness. This selection is partly a way of downsiz-
ing the task as to be able to focus on a relatively manageable number of
aspects of a personal information space. The selected qualitative aspects
are also the kind of qualities afforded by already mentioned ways of pre-
senting information spaces (bookmark structures, web page collection like
www.yahoo.com, etc).

8.3 Design elements of SchemaSpace

In the sections that follows, each of these qualities are discussed in terms
of how they can be related to grounding in embodied experience. It is also
discussed how these different kinds of embodied experience can inform the
design of distinctive aspects of SchemaSpace.

As a general note, the design of SchemaSpace from the start was meant
to be as abstract as possible. This may seem a bit odd, considering that
massification design is about making abstract information accessible and
meaningful through concrete representations. However, here I use abstract
in the sense of being free from associations to specific, familiar objects,
such as rooms, buildings and the like.

The reason for doing that is to stay clear of a design that depends on
the mechanisms of ordinary user interface metaphors. Rather than allud-
ing to familiarity of articulated contexts, the SchemaSpace design seeks to
present the user with an interface that resonates with embodied meaning.
Put differently, the different form aspects should ideally evoke an under-
standing of the visualization by evoking metaphorical projection of the
image schemas that govern the design of SchemaSpace.

To that end, the design of SchemaSpace can generally be described
as quite austere by depending on simple shapes and spatial relations. Al-
though this has always been the intention with SchemaSpace, the design
has gradually gravitated towards a more and more basic form, a form
that strives to express the essential characteristics of the underlying image
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schemas and nothing else.

Distinctiveness

SchemaSpace is programmatically generated from a textual description of
a hierarchically organized collection of references to web pages. In the
kind of hierarchy that SchemaSpace takes as input data, every web page
is categorized in some way (that is, there can not be a web page in the
dataset that is not a member of a category). Furthermore, a category can
have both web page references and other categories as members. There can
also be empty categories that have neither other categories, nor web page
references as members.

As mentioned earlier, I take this categorization as a given; something
that I address as a visualization challenge rather than questioning if a par-
ticular way of categorizing data is a good or a bad way of categorizing web
pages. However, what I take to be important in the context of this thesis in
general and in the case of SchemaSpace in general is the question of to ex-
press category membership? The membership as such is not self-expressive.
It is something that needs to be rendered in such a way that it distinctively
can be grasped by the senses.

According to Johnson human experiences can in many cases be de-
scribed as experiences of containment:

Our encounter with containment and boundedness is one of the
most pervasive features of our bodily experience. We are intimately
aware of our bodies as three-dimensional containers into which we
put certain things (food, water, air) and out of which other things
emerge (food and water wastes, air, blood, etc.) (Johnson, 1987, p.
21)

Not only are we containers ourselves, but our everyday activities in
general—and ordering activities specifically—often involve containment
in some respect: we live in containers (houses, shelters, etc.), we organize
objects by putting them in different containers (drawers, folders, boxes,
etc).

These are meant to be examples of everyday usage of containment in
the concrete sense. However, containment is not just a structure of imme-
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diate, bodily experiences. Consider the following examples picked from
abstracts of journal and conference papers (my emphasis):

• We developed a user interface that organizes Web search results into
hierarchical categories. (Chen and Dumais, 2000, p. 145)

• Today’s collaboration tools fall primarily into two categories: “session-
centric” tools, such as most desktop video teleconferencing, and
“document-centric” tools, such as Lotus Notes and document man-
agement systems. (Spellman et al., 1997, p. 197)

• This paper explores an issue that has received little attention within
CSCW – the requirements to support mobility within collaboration
activities. (Luff and Heath, 1998, p. 305)

Our frequent bodily experiences of physical boundedness constitute
an experiential basis for a container schema (see Lakoff (1987, p. 272)
and Johnson (1987, pp. 21-23)), a schema which structures some of our
experiences by means of metaphorical projection.

A plausible way of providing for the experience of distinctiveness is
to present the information references that belong together in a way that
allows for a projection of a container schema. There are countless ways of
expressing containment. Folders and rooms are probably the most familiar
user interface containers. As shown in chapter 6, containment can also be
expressed with such a simple element as a circle.

Containment was chosen to be visualized by means of semi-transparent
cones (see figures 8.1 and 8.3). A cone contains information references vi-
sualized by stacks of slices (as shown in figure 8.3), each with a textual
label with the name of the web page that the slice refers to. The semi-
transparency of the cones is meant to suggest that the cones are not solid
objects, but containers of objects. This design stresses the structural ele-
ments of the containment image schema. The surface of the cone consti-
tutes a boundary dividing the total information space into an inside and an
outside.

As such, this design also seeks to capture what Johnson (1987) refers
to as the Gestalt aspect of image schemas. On the one hand, a cone is an
object, discreet and distinct from the rest of the visualization elements. Yet,
it has an internal structure that defines the cone as a container of objects.
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Figure 8.1: Sketch of containment, verticality and linkage

The images in figures 8.1 and 8.3 are from an early sketch of SchemaS-
pace first presented in Lund and Waterworth (1997). It is not a screen shot
per se of an actual interactive prototype, but a static image generated by a
so-called raytracing program (www.povray.org). These images illustrate
renditions that were later abandoned or modified. For instance, the de-
sign approaches a semi-naturalistic look by encompassing the cones with
something that resembles green mountains and a partially clouded blue
sky.

This naturalistic appearance cannot really be motivated by the theo-
retical outset that is supposed to inform the design. A later rendition is
shown in figure 8.6 where the encompassing mountains are left, but still
with a sky-like dome surrounding the whole environment. Also, as seen
in these images, the cone labels with the name of the web page category is
dramatically changed. An even later rendition is shown in figure 8.3. Here
the features of SchemaSpace are reduced to a bare minimum, in order to
express as much as possible of the image schematic structures of SchemaS-
pace, and as little as possible of such things that cannot be related back to
the informing theory.
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Figure 8.2: Early sketch of a cone from the inside

Quantity

Each cone contains a sub-collection of the totality of information refer-
ences in SchemaSpace. Some of the sub-collections will contain more or
fewer references in comparison to other sub-collections. Even though the
cones are semi-transparent, viewed from a distance in the three-dimensional
environment it will be difficult to judge the quantity of each cone. In order
to provide for a meaningful experience of the quantity of each cone’s con-
tents, an image schema needs to be identified that are associated a general
understanding of quantity.

According to Johnson our basic experiences of quantity are closely as-
sociated with verticality:

Whenever we add more of a substance - say, water to a glass - the
level goes up. When we add more objects to a pile, the level rises.
Remove objects from the pile or water from the glass, and the level
goes down. (Johnson, 1987, p. 277)

Spatial experiences of this kind constitute an experiential basis for a
verticality schema, a schema, which by means of metaphoric projection
plays an important role in our understanding of non-spatial quantity. Our
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Figure 8.3: Cones with different height

tendency to conceptualize quantity in terms of verticality reveals itself in
everyday language used to talk about quantity:

The crime rate kept rising. The number of books published goes
up and up each year. The stock has fallen again. You’ll get a higher
interest rate with them. [. . . ] (Johnson, 1987, p. 121)

SchemaSpace is designed to express quantity is such a way that an
approximation of the number of web pages in a category cone can be expe-
rienced by means of projection of the verticality image schema. In order to
suggest and evoke such an understanding on part of users, cones that con-
tain many web pages are relatively taller than pages with few pages. This is
illustrated in figure 8.3.

Connectedness

As a massification design of hierarchical collections of web pages, an im-
portant aspect of SchemaSpace is to provide the means for experiencing
the structural relations between categories. There are two aspects related
to this. One aspect concerns the experience of SchemaSpace as a coherent
whole, an experience of a collection rather than a mere jumble of seem-
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ingly unrelated items. This experiential quality is what I refer to as part-
wholeness.

There is also another aspect that concerns the relation between indi-
vidual categories, or its connectedness. As an example, consider the liter-
ature category cone as shown in figure 8.3. The cone represents—on its
own—a distinct category in the collection. However it is also connected to
sub-categories that are represented by their own cones (historical fiction,
storytelling, etc).

In order to express this kind of connectedness, three image schemas
serve to inform the design. First, there is the link schema. The link
schema is often involved in our understanding of relations and connections
of different kinds, not only physical connections, but also more abstract,
non-physical connections like interpersonal relationships (Johnson, 1987;
Lakoff, 1987).

In SchemaSpace, cones are connected with perceptual links in the form
of the thin lines. The intention of this arrangement is to provide the user
with perceptual cues that evokes an understanding of not only a perceptual
linkage, but also of a conceptual kind, suggesting that connected categories
are related with respect to their contents.

Unlike the images presented here, SchemaSpace is a highly interactive
virtual environment where people can make their way across the landscape
and exploring web page collections. Therefore these lines serve not only
to suggest conceptual linkage, but also to suggest routes or paths between
cones that can be followed.

As suggested by Johnson (1987), everyday life is filled with recurrent
experiences of paths that lead from one location to another:

There is the path from your bed to the bathroom, from the stove
to the kitchen table, from your house to the grocery store, from
San Fransisco to Los Angeles, and from the Earth to the Moon.
(Johnson, 1987, p. 113)

These kinds of experiences form the experiential basis for the path im-
age schema, that, according to Johnson, is constituted by a starting point, a
goal and a sequence of contigous locations that connect the starting point
with the goal.

An early rendition of links and paths is shown in figure 8.1 in form
of road-like stripes between the cones. In the first implementation of
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Figure 8.4: A category cone with links to sub-categories

SchemaSpace (figure 8.6) both paths and links were left out, to be re-
instated in the current SchemaSpace version, but now as thin lines. Partly,
this was motivated by the ambition of keeping the design as basic as possi-
ble. Another reason is that, as links suggesting conceptual connectedness,
the road-like rendition is hard to see from a distance because it rests on
the ground. This is improved by using lines, slightly elevated from the
ground, but with the potential risk of making them less likely to evoke a
path understanding.

Part–Wholeness

In the design of SchemaSpace it has been a goal to establish means for
experiencing a collection of web pages as a coherent singularity. Put dif-
ferently, the design strives towards an experience of the collection as one
hierarchy, rather than a set of dispersed categories. While connectedness
relates primarily to connections between individual cones, part–wholeness
relates to the collection as a whole.

These aspects are intimately related. Cones that are linked by paths
do not only establish a relationship between two categories. Several cones
taken together make up a visual structure that describe a tree-like pattern
that may contribute to stress how the hierarchical wholeness emerges from
expression of relations between individual categories. Figure 8.3 illustrates
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Figure 8.5: Tree structure of SchemaSpace

this kind of visual structure.
The first implemented rendition of SchemaSpace did not include vi-

sual links between cones (see figure 8.6), which was a diversion from the
initial sketches. As seen in the figure, the relation between the cones is not
as apparent as in the most recent SchemaSpace rendition (figure 8.3) where
the links have been reinstated.

Verticality—or the up–down schema—is also involved in informing
the expression of hierarchical collections as coherent wholes. As can be
seen in some of the figures, the information landscape is not a flatland, but
rather a landscape with plateaus that serves as ground for groups of cones.
By using plateaus, a category’s depth in the hierarchy is mapped to a certain
height in the landscape. This has the effect that higher-level categories are
located vertically higher compared to low level categories. This was not the
case in the early SchemaSpace sketches.

To combine verticality and linkage is a way of approaching part-wholeness.
In fact, part-whole is an image schema in its own right (see for instance
Lakoff, 1987, p. 273–274). According to Lakoff, the structural elements
of this schema consist of whole, parts and a configuration. In the design
of SchemaSpace, the collection is meant to be experienced as whole made
up of parts (category cones). The use of linkage (and paths) can be un-
derstood as an expression of the defining configuration of the parts into a
whole.

This design seems to resonate well with what Lakoff maintains in the
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Figure 8.6: SchemaSpace rendition without links

following passage:

Categories (in general) are understood in terms of container schemas.
Hierarchical structure is understood in terms of part–whole schemas
and up–down schemas. Relational structure is understood in terms
of link schemas. (Lakoff, 1987, p. 283)

There is also a sense of center-periphery in the design of SchemaSpace
that may emphasize the character of SchemaSpace as a coherent whole.
The top of the landscape constitutes a center where the top-level category
of the web hierarchy is located. The other category cones can be seen as
radiating downwards, outwards from the center. This schematic aspect
of SchemaSpace cannot be reduced to one single kind of design element,
but is rather a quality that emerges from the way the other elements are
arranged.

This is one kind of center-periphery structure and concerns the lay-
out of the environment. There is also another notion of center-periphery
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where the user’s current location in the landscape constitutes a center, the
vantage point from which SchemaSpace is perceived at any one time.

The center-periphery schema is associated with what Johnson (1987)
refers to as the near–far image schema. SchemaSpace exhibits different
senses of near–farness in its design. On the one hand, cones that are located
closely in relation to each other are also closely located in terms of their
placement in the hierarchy. Thus, categories that have a close ancestry will
be located in the same region in the information landscape.

There is also another related sense of near–farness with respect to the
users current position in relation to category cones. If a user is on the look-
out for a certain kind of web pages, say about magazines, but finds herself
in a region with categories that seem more related to television shows, she
may draw the conclusion that she is far away from what she is looking for
and can start to look elsewhere.

8.4 Some notes on implementation

As hopefully conveyed in this chapter, the work on SchemaSpace has un-
dergone a succession of revisions and refinements until I arrived at the
rendition that also was used in the evaluation. This process has been quite
long in terms of time taken and also quite challenging. Some of these chal-
lenges concern the implementation of SchemaSpace, the process of turning
ideas and computer graphics sketches into a working prototype. In the fol-
lowing some aspects of the implementation challenges are presented.

The reason for including this aspect of the research process is partly
motivated by the fact that someone may have an interest in how SchemaS-
pace was realized. Also, and perhaps more important, to practically work
with design and implementation of prototypes as an integral part of the
research process is not a mere externalization of ideas. Rather, it serves to
shape ideas. This is further reflected on in the concluding chapter 10.

One aspect of the design that has not been stressed in this chapter was
my ambition for SchemaSpace to be general, in the sense that an infor-
mation landscape can be produced for any collection of web pages that
meets the requirements concerning data structure. Hence, a more appro-
priate way of describing a collection of web pages that can be experienced
through SchemaSpace as a SchemaSpace. Given another data input, an-
other SchemaSpace is generated.
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Placement of cones

One of the more central challenges in the implementation of SchemaSpace
was the placement of cones. This problem can be described as a situation
where the absolute positions of the cones are unknown. However, the
spatial relations between the cones are known in the sense that cones with
the same parent should be close to each other and as close as possible to
the parent. Also, a group of siblings should not occupy the same space as
groups with another parent. It should also be pointed out that the problem
could be treated as a problem of finding the position in two dimensions,
even though SchemaSpace is a 3D environment. The third dimension
concerns the vertical position and is simply calculated as a function of
the level a cone has in the hierarchy. Thus, cones at the deepest level are
positioned at the lowest level in the landscape.

Given my background as an informatician, rather than a computer
scientist or mathematician, it proved to be quite an endeavor to arrive at a
feasible way of algorithmically describing how the cones should be laid out,
in contrast to do it manually. At that time, next to oblivious of disciplines
such as computational geometry, the graph drawing community and other
fields with expertise in this kind of problem, I started out to think about
different ways of framing the problem.

To a great extent, this process can be described as a search for what
Schön (1993) refers to as generative metaphors. One such metaphor con-
sisted in seeing the collection of categories as a complex system, where
the cones were supposed to adapt their position through local interactions
with other cones. Eventually, the system should reach equilibrium where
the cones were placed properly in relation to each other. This fairly vague
notion was fueled and articulated when I stumbled on an article in a games
developer magazine (Lander, 1999).

This article addressed a way of simulating soft objects and manag-
ing collision response in computer games. The basic idea of the article
is to model 3D objects as collections of particles with mass, connected by
springs, rather than just static triangles with vertices and edges. Particles
will exert gravity forces on each other and the springs will also exert forces
on the connected particles.

When reading that article, it struck me that a similar approach ought
to work for the cone placement problem as well. Each cone could be
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represented by a particle and cone relationships (parent-child and sibling)
could be represented with springs. What I wanted the algorithm to do
was to find positions for all cones—represented by particles—in such a
way that the layout satisfied the aesthetic criterion discussed previously.
The length of the springs determines the distance between cones. It is
largely by assigning lengths to the springs that the algorithm is informed
by the spatial relationships that the cones should have once the positions
are found.

The algorithm can briefly be described as follows:

• Each cone is treated as a physical particle with mass, but no extension

• Each particle is subject to three kinds of forces:

– repelling gravity force from other particles

– spring forces

– friction (viscous drag)

• Each particle is initially assigned a random position and zero velocity

• Repeat until the particles have reached a standstill:

– For every particle in the system:

∗ sum all forces contributed by the other particles, springs and
friction

∗ Calculate the particle’s acceleration (force divided by mass)
∗ Calculate the particle’s velocity (previous velocity added to cur-

rent acceleration)
∗ Calculate the particle’s new position (previous position added

to current velocity multiplied with the time step).

I went ahead with an implementation, drawing on the code examples
of Lander (1999). Figure 8.7 shows two screen shots from a simulation
where the particle simulation gradually have settled on the kind of visual
structure that I was after in the design. Although the algorithm and the
implementation worked quite well for small collections of web page cat-
egories, larger numbers resulted in situations where the simulation never
reached a stable state or took prohibitively long time to do so. The problem
of the algorithm never settling may be related to my perhaps overly simplis-
tic method of solving the differential equations involved in the algorithm.
I did not invest in time for exploring more sophisticated methods.
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Figure 8.7: Force directed layout of cones

Also, as I found out during the process, the approach of using this kind
of particle dynamics simulation to layout the cones was not novel in any
kind of way. On the other hand, it is a well-known and established kind
of algorithm among the graph drawing community. To the best of my
knowledge, the origin of this kind of force directed layout is attributed to
Eades (1984), but has been adapted and elaborated on in numerous ways
(see for instance, Battista et al., 1999, for an overview of graph drawing
algorithms including force directed methods).

Because of the problems of the force directed algorithm, I decided to
try a fundamentally different approach. This new approach can be de-
scribed as more analytic in contrast to the one that depended on a simula-
tion of particle dynamics in order to get the layout of the cones right.

The basic idea of the algorithm is that cones should be spread out along
an arc (or more exactly, a segment of a circle’s perimeter) in proximity of
their parent cone. As shown in figure 8.8 this arc is defined by the distance
(d) between cones and what can be referred to as an angular dispersion (α),
that is, the angle between the centers of the cones at the arc’s endpoints.
These are the basic parameters of the algorithm. With that information at
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hand, the distance (l) between the cones and their parent can be calculated.
Also, the arc should be rotated so that its midpoint is perpendicular to
a straight line between the parent cone and the parent’s parent (see the
leftmost group in figure 8.8).

If the position of the parent cone is known, this information is suffi-
cient in order to calculate the position of its child cones. The root cone
(representing the main category of the web page hierarchy) is assigned a
position at the origin. By starting from that cone and recursively travers-
ing the hierarchy, the position for each cone can be successively calculated.

Besides producing layouts that I find to adequately match the theoret-
ically informed design, the algorithm is quite insensitive to the number of
cones with respect to the time it takes for the algorithm to complete. How-
ever, the main—and in some cases a major—drawback of this approach
to the layout problem is that different parts of the hierarchies (sub-trees)
sometimes occupy the same space in such a way that unrelated category
cones seem to be spatially grouped together. Cones may even intersect
with one another in some situations. With this algorithm, these situations
occur for instance when a category in the input data (from a bookmark
file) contains two or more categories on the same level that each have many
sub-categories. In such situations, the algorithm produces layouts that are
detrimental in relation to the theoretical outset for the design with a jum-
ble of entangled parts of the hierarchy.

Initially, I addressed a partial remedy to this problem. The basic idea
was to give the algorithm some slack, in a manner of speaking. This slack
consisted of relaxing the requirements that govern the spatial relationships
between the cones. More specifically, this meant that the angular disper-
sion did not need to be α as in figure 8.8, rather the dispersion was allowed
to be α + beta, where β is an acceptable deviation (say, ± 5◦) from the
ideal angle α. It should be pointed out that the α angle is global in the
sense that it is the same for all parts of the hierarchy, whereas each part of
the hierarchy can be assigned an individual β angle. Another requirement
that was relaxed concerns the need for a group of cones to be centered in
with respect to the endpoint of an imagined straight line between parent
cones (as in figure 8.8). Rather, a group of cones can be allowed to be
rotated some small amount around these kinds of endpoints.

Given an arbitrary set of input data, the crux of the matter is to find
appropriate values for these allowed deviations in such a way that accept-
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able layouts are produced. I choose to view this as a kind of optimization
problem: how can the values for these parameters be set as to minimize
entanglement of parts of the hierarchy? A so-called genetic algorithm (see
for instance Mitchell, 1996) was used as a means to address this problem.

However, as mentioned this was just a partial remedy. The time con-
suming genetic algorithm could not always find layouts without entangle-
ments (and in some situations there are no possible solutions to find). If
the algorithm is given too much slack in terms of allowed deviations from
the ideal, the resulting layouts are so spacious that the landscapes would
be too sparsely populated in order to cater for a sense of part-wholeness,
which is one of the motives for the design.

Eventually, for the current version of SchemaSpace, the genetic algo-
rithm is left behind, which means I have to accept the flaws of the layout al-
gorithm and adapt the input data instead. This is adequate enough for my
needs, but obviously it would have been more elegant with an algorithm
that produces aesthetically adequate layouts for any size and hierarchical
structure of the input data.

Landscape generation

The second major challenge of implementing SchemaSpace concerns how
to create a three-dimensional landscape where the cones are resting. It can-
not simply be any landscape. It needs to be a landscape where the features
are determined by the structure of the input data in such a way that the
landscape exhibits the characteristics that I have drawn from the theoretical
underpinnings for the design. One single landscape could easily be mod-
eled manually, by hand, using an adequate 3D modeling program such
as 3D Studio MAX, Maya or Blender. But by imposing the requirement
that SchemaSpace should be a fairly general design that can accommodate
any collection of web pages as described in a bookmark file, the problem
becomes substantially more complex.

Also for this challenge, the initial process can be described as a search
for generative metaphors, different ways of seeing the problem as some-
thing that opens up for feasible ways of addressing the problem.

I had some prior experience of working with synthetic, computer graphic
landscapes. However, these were landscapes where the features are either
based on fractal data—and difficult to control in detail—or based on digi-
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Figure 8.8: Cone placement parameters

tal elevation models of actual landscapes, gathered by satellites.
What I needed for SchemaSpace was a method for generating a land-

scape where only the locations for the cones were known. The algorithm
should take care of creating the features of the landscape that were in be-
tween these locations.

As one example of a generative metaphor, I considered the idea of see-
ing landscape generation as cloth draping. With an interest in computer
graphics I was aware of some of the research that was going on at the time
about simulation of the dynamic behavior of cloth. The basic motivation
was that a piece of cloth draped over solid objects resembles the soft curva-
ture of some landscapes, although on a different scale. My idea was to put
a number of virtual, solid objects, such as cylinders or spheres, in a simula-
tion environment and drop a piece of virtual cloth over these objects. The
height and position of these objects would be determined by the locations
of the cones (from the layout algorithm). The piece of cloth would fall on
top of these objects and be suspended between the objects, resembling a
landscape. By altering the qualities of the cloth (i.e. satin vs. denim), the
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Figure 8.9: Delauney triangulation of points

landscape could be given different characteristics.

This idea was abandoned—together with other approaches—due to its
rather complex character. The approach that I finally settled on was also
spurred from what I had encountered through my interest in computer
graphics. The problem of constructing continuous surfaces from discrete
points can be achieved through the process of triangulation and is a prob-
lem that some researchers in computer graphics are addressing.

The specific triangulation technique that I use for SchemaSpace is
known as Delauney triangulation. What I know about this technique
is based largely on Bourke (1989) and my implementation draws on his
examples. The principle of this technique is—given a set of points—to
connect the points with edges that define triangular faces.

In the SchemaSpace implementation, the points produced by the lay-
out algorithm described above constitute the set of data points. Addi-
tionally, for each such point some additional points are added at the same
height in order to create flat plateaus in the landscape where the cones are
resting.
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Figure 8.9 shows a screen shot of an applet1 that illustrates the princi-
ple of this kind of triangulation. It is also based on the same code that was
used for generating the SchemaSpace landscape.

8.5 Evaluation of SchemaSpace

Considering that SchemaSpace was designed to cater to the possibility
of having meaningful experiences of a number of information qualities
(distinctiveness, connectedness, etc) it would be reasonable to evaluate
SchemaSpace with respect to these qualities: to what extent does SchemaS-
pace realize these qualities? However, my investigation concerns at this
stage to what extent embodied realism can inform design of information
visualization artifacts and ultimately if embodied realism is a feasible foun-
dation for massification design.

For that reason, the evaluation aims at assessing if people that use
SchemaSpace experience their interaction by means of projection of the
image schemas that informed the design of the user interface.

Method

An assumption of the overall approach is that design guided by embodied
realism makes a difference. The experience of using a visualization artifact
designed from the perspective of embodied realism should potentially be
qualitatively different than the experience of using what could be consid-
ered as a typical design.

For this reason, I have decided to compare SchemaSpace to another
way of presenting the same collection of web pages that represents a typi-
cal way of presenting these kinds of collections. A multitude of different
alternatives could serve as such a reference object. One alternative could be
to use the typical way of representing bookmark structures in web browsers
by means of using cascading menus. This alternative is attractive not only
because of its typicality, but also because it can be realized with a minimum
of effort. Another alternative to SchemaSpace that I have decided not to
use is by presenting the web page collection as a single web page with hy-
perlinks to all pages of the collection. Implementation-wise, this can be
accomplished simply by exporting bookmarks to a HTML file, readable

1http://www.informatik.umu.se/~alund/triangulation/delauney.html
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Figure 8.10: A hypertextual representation of web pages used in the evaluation

by any web browser.
However, as the collections I work with are quite large, this would end

up as very scroll-intensive web page. In terms of typicality, it would be an
example of a typically bad design and thus a not good design to use for
comparison with SchemaSpace. A third alternative that I find interesting
to use is the style used by many hierarchically organized resource sites on
the web (i.e. www.yahoo.com, dmoz.org).

To compare SchemaSpace with this kind of presentation of web page
collection is not only feasible because of its frequent use on the web. It
was also this kind of information space that Maglio and Matlock (1999)
had an object of study. My method is also inspired by the one used by
Maglio and Matlock (1999) who in turn draws methodologically on the
work by Raubal et al. (1997). In figure 8.5, a screenshot of the prototype
used in the evaluation is presented. A total number of 16 participants
were involved in the study. The group was comprised of eight women and
eight men. All participants used both kinds of prototypes. As such, the
design of the evaluation can be described as a within-subject design (see for
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instance, Solso et al., 1998).
As to mitigate possible effects of familiarity with the data that was used

in the evaluation, two datasets were devised so that a participant never used
the same data twice, but with different prototypes. These datasets were
similar with respect to the number of web pages and categories and the
relation between categories. However, the datasets had different themes.
Whereas one dataset was made up of pages and categories related to design,
arts and craft the other dataset was made up of categories and pages related
to entertainment.

Also, to address possible effects of the order in which the participants
used the prototypes, the order for each participant was varied so that all
possible combinations occurred four times, two times for men, two times
for women. Given two prototypes and two datasets, the following order-
ings are possible:

1. First SchemaSpace with dataset 1, then Hypertext with dataset 2

2. First SchemaSpace with dataset 2, then Hypertext with dataset 1

3. First Hypertext with dataset 1, then SchemaSpace with dataset 2

4. First Hypertext with dataset 2, then SchemaSpace with dataset 1

This set of combinations was repeated two times for each gender. Con-
sidering that this evaluation coincided with the evaluation presented in
chapter 9, the order in which the two distinct evaluations were conducted
was altered.

Participants were given a set of tasks which all involved finding infor-
mation in the collection of web pages. The list below shows examples of
questions that the participants were asked during the evaluation sessions.
For a complete list, see appendix A.

• Which one of all the categories in this environment do you think have
most web pages?

• Can you give an example of a web page that seems to contain free fonts/typefaces?

• In the information collection there are some categories that each describe
different material for making sculptures. Which are these materials?

The purpose of this set of tasks was to give participants a reason for
interacting with the prototypes, rather than just freely explore them. As
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such, the purpose of the tasks were just to spur expressions from the par-
ticipants. During their interactions with the prototypes, participants were
asked to think aloud. The sessions lasted approximately thirty minutes and
were video recorded and later transcribed. The transcriptions—besides in-
formal observation—were the only data that was collected. No timing or
measurements of error rates was made.

The transcriptions were made partly the traditional way by listening
and looking at the contents of the video recordings. Some recorded ses-
sions were transcribed by means of me repeating what was said by the
participants into a microphone hooked up to a speech recognition system
(VoiceXpress). It is my impression that this was slightly faster compared to
listening and typing, but not as correct as the result of listening and typing.

The transcriptions for the evaluations adds up to a collection of docu-
ments with a total number of characters approaching three hundred thou-
sands. I decided to do all transcriptions on my own instead of handing
it over to a typist. The process of transcribing was very time consuming.
However, the time for transcribing is also time invested in getting an un-
derstanding of what was going on in the participant’s interaction with the
prototypes that I take to be valuable.

The analysis is largely qualitative and interpretative in character, but
with a quantitative aspect. The qualitative analysis consisted of an inter-
pretative exploration of the data to get an understanding for how people
seemed to express themselves of their interactions with the prototypes with
respect to image schematic structures that serve as the theoretical outset for
the design. The scheme is presented in table 8.1.

Practically, the analysis with respect to the coding scheme consisted in
that I looked at each and everyone of the expressions made by the partic-
ipants and tried to assess if that expression sensibly could be interpreted
as an expression of one or more of the image schemas that make up the
categories in the scheme. This is an interpretative process that depends on
my sensitivity of making these kinds of judgments, rather than a search in
the material for predefined words or combinations of words. Toolwise, the
analysis was aided by the use of a program called ATLASti. This program
is specifically designed to be a tool for qualitative analysis of text and other
kinds of data. It should be pointed out that there is nothing in the way of
automatic analysis that the program contributed with. Rather, it provides
excellent support for managing my subjective interpretations of the mate-
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rial in terms of keeping track of which and how many expressions I have
judged to belong to a certain category.

The quantitative aspect of the analysis aims at testing to what extent
my interpretations of the data—in the form of expressions coded according
to the coding scheme—can be said to be statistically significant.

To that end I have carried out what is know as χ2 (chi square) tests.
The specific kind of χ2 test that I use is a so-called goodness of fit test, as
opposed to a related kind known as test for independence (see for instance
Anderson et al., 1999). A χ2 goodness of fit test is a test to assess if an
observed frequency is distributed according to a theoretically grounded
expectation and also to assess to what extent the obtained frequency distri-
bution is a product of chance.

What I test is the hypothesis that the frequency of coded expressions
for each category in the coding scheme is distributed evenly over the two
prototypes. Put differently, the null hypothesis of the test is that each
prototype will account for fifty percent of the total number of coded ex-
pressions for the category in question. If that hypothesis holds, it would
suggest that there is no significant difference between the prototypes with
respect to a particular category in the coding Scheme. On the other hand,
if the hypothesis can be falsified, it would indicate that one of the pro-
totypes accounts for more expressions than 50% of the total number of
expressions assigned to the category in question.

The kind of χ2 test that I have used is a standardized test for analysis

Table 8.1: Coding scheme for the analysis

Categories
Center-Periphery

Containment
Surface
Volume

Link
Near-Far

Part-Whole
Path

Verticality
Quantity
Structure
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of frequencies and is documented widely. I have depended on Kerlinger
(1986), but also on Newman and Lamming (1995, pp. 239–243) who
present a worked example in a human-computer interaction contest. It
should be pointed out that I could also have used what is known as a
binomial test, which is a test optimized for situations where exactly two
categories (or in my case, prototypes) are to be compared. χ2 test is not
as exact, but more general in that it allows for comparison of two or more
categories.

As described in Kerlinger (1986, pp. 153–156) a χ2 test involves to
first calculate the χ2 according to the following formula:

χ2 =
∑ [

(fo − fe)2

fe

]
where fo is the obtained frequency and fe is the expected frequency.

In the specific case of my use of the χ2 test, obtained frequencies for a
certain category are the number of expressions for each prototype that I
have interpreted to fall under the category in question while analyzing the
data. The expected frequency is fifty percent of the sum of the obtained
frequency for both prototypes. The reason for this is that the test concerns
if the number of expressions for a category is evenly distributed over the
SchemaSpace and hypertext prototypes. In this respect, my use of the χ2

test is structurally similar to the example of Newman and Lamming (1995,
pp. 242–243).

As Kerlinger (1986, p. 155) notes, “χ2 is a measure of the departure
of obtained frequencies from the frequencies expected by chance”. Thus,
with a large χ2 it is more likely that the obtained frequencies are not a
product of chance compared with a situation where the χ2 is low.

With a calculated χ2 at hand, it is possible to determine the probability
(p) that the obtained frequencies are a product of chance. In order to do
so, one must also specify the degrees of freedom. In this kind of χ2 test,
the degree of freedom is arrived at by subtracting 1 from the number of
levels in the test. In my use of the test, there is one degree of freedom
because there are two prototypes. Given the χ2 and the degree of freedom,
the p-value can be obtained. This can be done either by using a look-up
table with precalculated p-values or by calculating the p-value. In my tests,
I have depended on a built-in function (CHIDIST) of the Microsoft Excel
spreadsheet program to calculate this value.
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8.6 Evaluation results

In the following section, a qualitative analysis of the evaluation is pre-
sented. The discussion is structured in terms of the coding scheme that
was used in the categorization of the transcribed evaluation session.

Link

One important aspect of SchemaSpace was to make the relations between
categories salient through the visual design of the interface. To this end,
the notion of linkage was used to emphasize the parent-child relationships
between categories in the hierarchy. Linkage—rendered as black lines be-
tween a category cone and its parent cone—seems to have played an im-
portant role in the participants’ assessment of the relationships between
different categories.

As an example of how the black lines seem to have made a differ-
ence to some of the participants, consider the following excerpt where the
participant is about to find web pages that somehow are related to coffee
magazines.2

R: Coffee. I will see if I can find someone that is connected to this
Magazines. I see someone behind there. If I go to Food & Drinks,
Coffee is connected to that one.

A: When you say connected, what are you thinking then?

R: Then I am thinking about the black line that goes between.

A: Mmm.

R: It seems to be like a link between two, two categories. Here I
found some coffee magazines. Coffee Talk. (P16)

In this excerpt, the participant is making explicit references to link
features of the virtual environment. However, what is interesting is that
these references seem to be not only about physical features of the world,
but also about linkage in a conceptual sense. The links in the form of black
lines between the cones seem to have served as an aid for inferring that the

2Letters R and A correspond to the participant and to me, respectively. All excerpts
from now on will end with a parenthesis with a code (e.g. P16, P3, etc) which is an
individual identification for each participant.
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Table 8.4: Comparison of frequencies for SchemaSpace and the hypertext proto-
type

SchemaSpace Hypertext χ2 p
Center-Periphery 39 0 39 0.0000000

Containment
Surface 25 74 24.25252525 0.0000008
Volume 76 29 21.03809524 0.0000045

Link 73 20 30.20430108 0.0000000
Near-Far 38 2 32.4 0.0000000

Part-Whole 59 24 14.75903614 0.0001222
Path 19 2 13.76190476 0.0002075

Verticality
Quantity 38 7 21.35555556 0.0000038
Structure 131 124 0.192156863 0.6611275

Magazine category is related to the Food & Drinks category, which in turn
is related to the Coffee category.

It is my impression that the black connecting lines of SchemaSpace
served an important role for conveying that some cones are conceptually
connected. The following except is from a context where a participant tries
to discern which are the subcategories to a typography category:

And then I simply check which are linked via these black threads
and then I conclude that it is these because they lie connected to
typography as far as I can tell. (P8)

I find this especially interesting because in this particular area of SchemaS-
pace for the design, arts and craft dataset where the participant was at this
moment is quite densely populated with cones. A cone that represents a
subcategory to the Web page design category could easily be mistaken for
a subcategory to Typography because it is situated immediately together
with Typography and its children. The excerpt suggests that physical link-
age was used to single out categories that are linked conceptually, in the
presence of cues that introduce ambiguities concerning which of the cones
that were in a parent-child relation to each other.

It is my impression from observing the evaluation sessions and the
transcriptions that the motivation for having perceptually salient links as
an interface element is a successful part of the SchemaSpace design, in the
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sense that it seems to have served its purpose of suggesting relationships
between the category cones to the participants.

In the case of the hypertext prototype, the notion of linkage is not as
evident in the interface experience, judging from the experience as surfaced
in the participants’ expressions. Without a doubt, there are expressions in
terms of linkage, but not as frequent and in a somewhat different way com-
pared to SchemaSpace. More specifically, it is my interpretation that there
are two kinds of link expressions associated with the hypertext prototype.
First, consider the following:

One is Star Trek, the other one is a category that one, it is very hard
to interpret if it is about stuff that is only connected to Bart, that is,
Simpson’s quotations or if it is something else. (P9)

Then, consider this expression:

I clicked on some links and come down in some hierarchy that is
shown up here. (P7)

The first of these two represents a kind of link expression that is similar
to linkage expressions in SchemaSpace, that is, a kind of conceptual link-
age. The second expression is somewhat different. It is not as explicitly
about conceptual linkage or associatedness. It seems more to tap into the
conventional vernacular and understanding associated with hypertext and
web browsing.

In quantitative terms, 73 expressions stemming from the SchemaS-
pace prototype were coded as link expressions. This should be compared
with the same category for the hypertext prototype for which I found 20
occurrences of expressions that are link like. Just by looking at the num-
bers, it seems as if the SchemaSpace sessions gave rise to significantly more
link expressions. This is also confirmed by a χ2 test (carried out as de-
scribed previously) that yields a χ2 value of 30.2 (rounded). With df = 1
the probability that the difference in frequency is a product of chance ap-
proaches zero (p<0.0005).

Path

The thin lines or threads in SchemaSpace that connect parent and child
cones serve a dual purpose. In addition to suggesting a conceptual relat-
edness they also seem to serve as a suggestion of routes to follow while
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navigating in the landscape. One participant expressed the following in
the context of trying to assess the number of categories above a particular
category:

[. . . ] after all, it seems as if they [the cones] are not placed ran-
domly, rather, they are attached with respect to subject and further
down we have photo journalism and photo journals and ok, now
one could follow this thread if one thinks, there is sort of no infor-
mation that says that this is absolutely the case [. . . ] (P12)

Similarly, an excerpt from another participant’s interaction reads:

Okay, and it is here to the, aha, but wait now! Now I am starting
to see a lot of black lines that tie, tie these together. It might be well
worth following. I, okay, now I am starting to understand how this
is constructed. (P16)

These excerpts are examples of how the black lines were interpreted by
some of the participants as not just bonding conceptual links but also as
paths that in a concrete way suggested routes that could be used to traverse
parts of the information landscape in a structured way, compared to just
roaming freely without constraints.

In the design of SchemaSpace, different degrees of elevation above the
ground surface for the lines were considered and there are some plausi-
ble trade-offs involved. In order to stress visibility of linkage between the
cones it is desirable to place the lines at some distance from the ground—
say, from tip to tip—to avoid occlusion in relation to other cones and
the landscape surface. However, given the stay-on-the-ground interaction
model that I decided for SchemaSpace, it seems desirable to keep the lines
close to the ground in order to stress the path quality of the lines. In
hindsight, the path quality would probably have been more salient if I, in
addition, had rendered the links as something broader, something to walk
on and not just something that afforded following. In fact, a design like
that was part of one of the early SchemaSpace renditions (see figure 8.1)

Even if the path quality was not experienced extensively in compari-
son to other image schematic structures of SchemaSpace, it is striking that
I have found only two occurrences of what can be considered as an ex-
pression of path quality in the use of the hypertext prototype. A plausible
explanation is that there are very little in the way of path-like constructs
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in the user interface of the hypertext prototype. However, at the top of
the page the path in relation to the top node to the current location in the
hierarchy is expressed (see figure 8.5), but not any notion of possible paths
to take.

Concerning differences in frequency of path related expressing be-
tween the prototypes, the SchemaSpace prototype was found to have 19
path expressions, whereas the hypertext prototype only 2. A χ2 test carried
out in the same way as for the link category suggests that the probability
that the number of path expressions actually are evenly distributed between
the two prototypes are very low (χ2=13.8, p<0.0005).

Center-Periphery

Among the different categories that were used in the coding of the data,
center-periphery was one of the more prominent for SchemaSpace. As it
turns out, there seem to be two different kinds of center-periphery expe-
riences involved where one concerns the landscape as something with a
center and a periphery and one that concerns the landscape as peripheral
in relation to the users current position in the landscape. Only the first one
of these kinds was part of the intentions behind the SchemaSpace design.

One participant expressed his understanding of the landscape structure
in terms of a hub:

I, okay, now I am staring to get how this is made up. I can tell how
I think about it now. There is, what should I call it, a hub, a hub,
a node that is on top of a hill and then there is the rest, the longer
down one gets in the cat, the longer down the hill one gets. (P16)

Expressions like these seem to indicate that the information collection was
experienced, not as a collection of isolated objects, but as a coherent whole.
This is interesting since one of the goals was to provide for something that
resembles a Gestalt-like experience of the collection.

Some of the participants returned to the top-level cone when they were
to find something in the information landscape. They used it as a kind of
starting point, a known point of reference. In many instances this cone
was referred to in terms of center and periphery:

What I am doing between the questions is to return to the center,
it feels like a good point of departure. (P12)
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In my interpretation of the data from evaluation sessions, this kind of
behavior and the center-periphery vocabulary used to describe it by the
participants seem to be a quite prominent aspect of SchemaSpace experi-
ences. The behavior as such—to return to a known location—is not at all
surprising. On the contrary, it seems to be a very sensible thing to do in
wayfinding situations regardless of the type of environment. This behavior
was also prominent in the use of the hypertext prototype.

However, what is striking is that the participants while using the hy-
pertext prototype did not use the center-periphery vocabulary at all in this
way. In fact, not a single occurrence of a center-periphery expression was
interpreted by me to fall under this category. This should be compared
with 39 occurrences of center-periphery observations for the SchemaSpace
prototype. Although intuitively obvious, a χ2 test suggests that this dif-
ference is statistically significant, again with a p-value approaching zero
(χ2=39, p<0.0005).

Verticality: quantity and structure

Verticality was used in the design of SchemaSpace in two distinct ways.
First, it was used as a means to convey the quantity of web pages in each
of the represented categories. More specifically, the number of web pages
of a category is mapped to the height of the representing cone.

Second, verticality served to contribute to the possibility of experi-
encing the hierarchical structure of the categories. Design wise, this was
realized by shaping the landscape in different plateaus in such a way that a
category’s depth in the hierarchy was mapped to a corresponding height in
the landscape.

Both of these design aspects of SchemaSpace seem to have influenced
the experience of using it. As an example concerning the quantity aspect,
one participant expressed the following in the context of being asked to
articulate how he would do to identify the category with the most web
page references:

And here is a bunch, if one then compares with Empire State Build-
ing [the category] that is very low. Okay, I would then say that the
one that has the, is highest, or has greatest height. (P16)

Similarly, another participant reasoned in the following way:
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Can it possibly be that they vary in size depending on how much,
because this one was pretty tall, here it seems to be much stuff. This
one had only little inside. (P9)

It is my impression that the height of the cones was meaningful to
most participants with respect to the quantity of web pages in different
categories. However, during the evaluation sessions many participants re-
ferred to the cones in terms of their general size, rather than in terms of
their height. It may very well be the case that these size expressions really
were about their vertical size, considering that all cones had the same base
radius.

If we look at the differences between SchemaSpace and the hypertext
prototype with respect to quantity of web pages as verticality from a quan-
titative point of, my interpretation of the transcribed data resulted in 38
occurrences for SchemaSpace and 7 for the hypertext prototype. This dif-
ference is statistically significant (χ2=21.36, p<0.0005).

The role of verticality concerning quantity in the case of the hypertext
prototype was not at all as overt as in SchemaSpace. However, although
not explicitly expressed by the participants, it is my interpretation that ver-
ticality were actually at play when the participants assessed quantity of web
pages. Each web page reference belonging to a category is presented on a
separate row in the page. A lot of web pages will result in tall columns.
This tallness is definitely related to verticality and it is my interpretation
from the evaluation sessions that this form aspect made a difference. As an
example of this, the following excerpt is from a situation where a partici-
pant tries to assess which beverage is associated with most web pages:

Coffee has five and wine has a long list and no sub-category. So I
say wine. (P1)

Concerning verticality and the structure of the web page collections,
one participant expressed the following when asked why he stated that
some category cones were at the same level:

Because, it feels like they are at approximately, it is like the land-
scape looks as if there are different plateaus, if one says so, and
these three are at the same level, same plateau if one says so, but
there are also sort of plateau is it under as, photo journals is a lower
plateau than photojournalism. Anyway, that is how I think. (P16)
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This quotation is an example where the participant is quite explicit
about the meaning that he ascribes to the landscape and its verticality.
What I take to be a more frequently occurring kind of verticality ex-
pression is expressions where the participants—seemingly—quite unreflec-
tively refers to what they do in verticality terms:

I go back to the top so I know where I am. (P3)

If you go on and look, well all of them link downwards and in some
way that must all depend on this one. (P14)

In the SchemaSpace prototype, the landscape’s plateau-like structure
is quite explicit in the sense that it can hardly be mistaken for a flatland.
Also, it is my interpretation that the participants were guided by this design
aspect of SchemaSpace in making sense of the structure of the web page
collection.

The hypertext prototype is not as explicit as SchemaSpace concerning
interface elements that suggest hierarchical parent–child relationships by
means of verticality. In spite of that, the participants made frequent refer-
ences to verticality in their expressions a propos the hierarchical character of
the web page collection. The following are three representative examples:

I find quotations in a category under television shows. (P12)

Yes, but I would go up to entertainment first anyway. Yes, it is
damned hard to say. (P16)

Okay, creative writing ought to lay under literature. (P1)

It is very interesting that although no form aspect expresses verticality
in this respect, participants seem to attribute vertical structure to their ex-
perience of using the hypertext prototype. It highlights the question what
a design that takes its point of departure in embodied realism contributes
with, if users make sense of their experience by means of projection of
image schemas, but regardless of the design?

Quantitatively, expressions that could be linked to verticality with re-
spect to structure were found in 131 occurrences for the SchemaSpace
prototype and in 124 occurrences for the hypertext prototype. A χ2 test
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suggests that there is not a significant difference between these frequencies
(χ2=0.192, p>0.0005). Put differently, the total number of occurrences
seems evenly distributed over the two prototypes.

I will return to this question in the concluding discussion in chapter
10, but for now a plausible interpretation is that form does matter, but so
does prior knowledge and experience that people bring into a use situation.
The recognition of something as an hierarchy presented in a certain way,
may evoke a set of concepts and an associated vocabulary that come to play
in the experience of the artifact.

Part–Whole

While analyzing the transcribed evaluation sessions, the part–whole schema
was probably the one that I found most difficult to find. Not because the
material was void of expressions that seemed to indicate part-wholeness,
but rather for the opposite reason. Very much of what people said during
their interactions can be interpreted as referring to experiences of the col-
lections as wholes constituted by parts. However, some expressions more
clearly than others seem to reflect this particular schema.

One participant said the following when trying to locate different ma-
terials that sculptures can be made of:

So I move towards that and when I am there I see that it branches
to a number of cones and there we have these materials. (P12)

This utterance stems from a context where the participant—as I interpret
it—actively probes the information structure and appreciates it as a some-
thing coherent, yet made up of distinct objects.

There seem to be no apparent differences between the two prototype
concerning part–whole. A participant using the hypertext prototype ut-
tered the following expression:

Here I can see it appears to be a kind of tree structure, that I have
gone down one step on, it comes up new categories and these are
probably pages that are connected to this category. (P4)

However, in comparing the number of categorization made for the
part–whole category, SchemaSpace represents a larger number, 59 com-
pared to 24. This difference is significant (χ2=14.76, p<0.0005).
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Near-Far

The categories in SchemaSpace are laid out so that the distance between
cones reflects as kind of conceptual similarity in such a way that categories
that have the same parent category are very close to each other. Similarly,
categories with more distanced ancestry are also more spatially distanced
from each other. Another aspect of near-farness in the SchemaSpace design
is the dependence on a dynamic first person view that makes it possible for
the user to experience her position in relation to features of the landscape
as more or less close.

Some participants in the study made articulations that can be inter-
preted as a near–far structure:

Well, I was here on typography and it felt like it should be here in
the vicinity and as a coincidence I see a category, Fonts, here below
that is not attached to typography but is very near. (P12)

Similarly, one participant uttered the following when trying to articulate
why she thought that one category was on the same level as another:

And that which the first pyramid that is, what shall we say, closest
to me also, so I think that it is closer to me and something is written
in bold style, that feels also closer to me. (P4)

The number of near-far expressions that I found in the transcriptions
for the SchemaSpace prototype adds up to 38, whereas only 2 occurrences
were found in the data for the hypertext prototype. A χ2 test suggests
that this deviation from an equal distribution is statistically significant
(χ2=32.4, p<0.0005).

If this difference is an actual difference, it may be attributed to the
discreet characteristics of the hypertext prototype where there is no explic-
itly expressed distance in the interface between categories in the hierarchy.
Rather, what the user experiences is a succession of pages. SchemaSpace,
on the other hand, provides the means for a more continuous experience
of the information collection, where near–far relationships are an integral
part of the design. From what I can tell from interpreting the data from the
evaluation, the near–far relationships seem also to be an integral part of the
participants’ experience of using SchemaSpace, but not of the experience
of using the hypertext prototype.
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Containment: volume and surface

Containment is a fundamental part of the SchemaSpace design, rendered
as cones containing references to the web pages in the presented collection.
Thus, for a web page to belong to a specific category is to be inside and
bounded by a cone. Interpreting the transcribed data from the evaluation
sessions, this notion of containment seems to also be a part of the experi-
ence of using SchemaSpace. The participants made frequent expressions
that I have interpreted as indicating a volume containment regarding web
pages’ categorical belongings. The following are two examples:

Then I was inside somewhere where there were awfully many web
pages. Where was that? One can go in and have a look just briefly.
Here it was a bunch. (P5)

And I saw a cone that contained many more such stacks and slices.
So it seems like one has to drive around for a while and search in
each cone or perhaps one can look at the height. (P6)

If the attention is turned to the hypertext prototype, it is my impres-
sion that this kind of containment is not as salient and frequent as in the
case of SchemaSpace. However, there are examples of expressions that are
quite similar to the containment expressions of SchemaSpace:

But it feels almost as if one must go in, click on one more further
link. (P14)

I proceed and look in the categories here to see if I can find anything.
(P7)

Quantitatively, 76 occurrences of this kind of containment were found
for the SchemaSpace prototype, whereas only 29 were found for the hyper-
text prototype. It turns out that this is a statistically significant deviation
from the hypothesis that the number of expressions should be evenly dis-
tributed over the two prototypes (χ2=21.04, p<0.0005).

What I found very interesting is that another kind of containment
seems predominant in the participants’ experience from using the hyper-
text prototype. As mentioned previously, an initial analysis of a subset
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of the transcribed material revealed a different kind of containment com-
pared to the kind of volumetric containment that I had envisaged for the
SchemaSpace category containment. This, for me unexpected kind, seemed
to be more oriented towards a surface containment conceptualization of cat-
egories.

Okay, then I go back to entertainment, going in on [in Swedish,
“går in på”], going in on lyrics, and then there is a category called
misunderstood lyrics and there I go in. (P16)

On the one hand, this quotation reflects an understanding of category
pages as containers, but more interestingly the containment is combined
with a notion of a delineated surface, something that one can be inside by
being on it, much like patches on the ground.

From what I can tell from this qualitative assessment, this was not
the case to the same extent in the case of SchemaSpace, although similar
articulations occurred, such as these two:

But to be honest, I really don’t know what category I should go in
on. (P3)

We will see if that is correct if we go in on Beer, for instance. (P10)

In counting the number of expressions that I have interpreted to be
expressions of this kind of surface containment, it turns out that 25 ex-
pressions were found for the SchemaSpace prototype. Concerning the
hypertext prototype, almost three times as many (74) occurrences were
found for surface containment expressions. This apparent deviation from
the hypothesized, even distribution of expressions among the prototypes is
statistically significant (χ2=24.25, p<0.0005).

A probable explanation as to why the hypertext seems to motivate such
surface containment expressions to a greater extent than SchemaSpace can
be that the three dimensional cones promote an experience of a more im-
mersive, secluded kind of containment compared to the more seemingly
open containment that I take to be the case with the hypertext proto-
type. Another explanation may be the fact that the hypertext prototype
is oriented towards distinct pages, rather than a continuous space as in
SchemaSpace.
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8.7 Discussion

What implication can be drawn from these results? In this section, I first
present a critical note that sheds light on some potential problems of the
evaluation, followed by an interpretation of what these results mean. Fi-
nally, some observations that not necessarily can be captured through the
kind of coding scheme I have used are presented.

A critical note

The quantification of the data that I have done opens up for the possibility
of statistical analysis and allows for presentation in a more condensed form.
However, it should be clear that the quantitative view of the data is not
more objective in any sense. It is a quantification of my coding of the data.
As such, the data stems from a subjective interpretation made by me and
can never transcend that subjectivity.

Concerning reliability of the results—the extent to which other re-
searchers can reproduce the results—it is most likely not the case that if
the study was undertaken again it would yield exactly the same results.
That does not necessarily mean that the results would differ totally. If the
results are interpreted as an indication of something, I believe that repeated
studies would indicate approximately the same.

One way of increasing the possibility of higher reliability would be
to follow more closely the procedure of Maglio and Matlock (1999) and
count verb phrases. That would not require as much interpretation on part
of the researcher and would probably make the measurement more objec-
tive and the results more reliable. However, the more subjective procedure
that I have used aims at interpreting if an expression can be understood
as to reflect different image schemas rather than deciding that a particular
verb phrase is a reflection of an image schema. By following my proce-
dure I introduce more subjectivity in the process, but I do that in order to
increase the precision in my coding, to measure what is supposed be mea-
sured. Put differently, my reason for the more interpretative, subjective
approach is to pave the way for good validity, but that may come at the
price of reliability.

Concerning the quantitative aspect of the evaluation, it is striking that
the SchemaSpace prototype is associated with many more expressions to-
tally than the hypertext prototype. Whereas I have made 498 categoriza-
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tions for SchemaSpace, only 282 categorizations were made for the hyper-
text prototype. This is a substantial difference and it partly explains why
the frequency of expressions for many of the different categories seem to
be significantly higher compared to the hypertext prototype.

However, this difference is not just a difference in number of cate-
gorizations made by me. By looking at the size of the documents with
the transcriptions from the evaluation sessions, it turns out that the par-
ticipants have made more expressions when using SchemaSpace and as a
result a higher number of categorizations is reasonable.

One might ask why the participants expressed themselves more when
using SchemaSpace? An unfortunate reason could be that my behavior
during the sessions has somehow influenced the participants in such a di-
rection. I do not think that is the case. Another reason that I take to be
more likely is that the prototype is of such a kind that it may spur more
expressions on part of the participants. In that case, the higher number
of expressions and categorizations may be a relevant aspect of the outcome
and not something that should be compensated for.

Still, out of interest and curiosity, I did another set of χ2 tests where
difference in total number of expressions were taken into consideration.
In the first set of tests the expected frequency of expressions for each pro-
totype were defined as 50% of the total number of expressions for the
category that the test was concerned with. In the additional set of tests,
the expected frequency for each prototype was set to reflect the proportion
of the total number of expressions that the prototype had contributed to.
The total number of expressions are 498+282=780 and hence the expected
frequency for SchemaSpace was set to 64% (498/780) and 36% for the hy-
pertext prototype. Put differently, what this test aims at assessing is if the
expressions of a specific category are distributed over the two prototypes in
accordance with the distribution of the total number of expressions.

The results of these additional tests are not considerably different from
the tests presented in the previous section, with some notable exceptions.
In the case of volume containment, there is not a significant deviation
from the expected frequencies (p=0.071). Also, there is not a signifi-
cant deviation concerning the part-whole category (p=0.174). Concern-
ing the, verticality-structure category, the hypertext prototype seems to
have a significantly more expressions in relation to the expected frequency
(p=0.00003). Otherwise, the results are the same, but with less signifi-
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cance.

Does SchemaSpace express embodied realism?

Even though the categorizations of the transcribed material indicate that
there are more categorizations made for the SchemaSpace prototype, it is
not obvious that this should be interpreted as if SchemaSpace was experi-
enced as being more embodied, more in harmony with embodied struc-
tures of meaning.

My interpretation of the categorized data is that the participants ex-
pressed themselves in and about their interaction with the prototypes in
ways that suggest that both prototypes were experienced by means of metaphor-
ical projection of image schemas.

However, by way of summarizing the presentation of the results, there
are some interesting differences. For instance, one such difference is the
different notions of containment that seem to be in play for the different
prototypes. Whereas SchemaSpace seem to motivate a conceptualization
in terms of a volume containment, the hypertext prototype seem to evoke
a more surface oriented sensemaking of the categories. Can this difference
be attributed to the theory information of the design of SchemaSpace? I
think this question needs to be answered in the following way.

The SchemaSpace design was informed by the theory. The choice
of cones did not emanate out of the blue, out of intuition. It emanated
out of my interpretation of how the containment schema could be ren-
dered as an expression of web pages’ distinct category belonging. What
the empirical evaluation suggests is that the participants were more in-
clined to express themselves in terms of volumetric containment when us-
ing SchemaSpace, compared to when they expressed themselves of their
interaction with the hypertext prototype. Similarly, participants were less
inclined to express themselves in terms of surface containment when using
SchemaSpace, compared to when using the hypertext prototype. I inter-
pret this as a situation where the theory did not only inform the design. It
also did so in a way that managed to influence the participants’ experience
of category belonging.

This is not to say that another design, uninformed by this particular
theory, could not give rise to the same kind of experience. That is another
issue. But in this case, the design was informed by theory and that seems
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to have made a difference.
The same kind of reasoning can be applied to some of the other image

schema based categories used in the analysis of the data, as well. However,
there are also examples of where the theory information does not seem to
have any impact on the actual experience of using SchemaSpace.

Drawing on the theory, much effort was put into realizing the ren-
dition of verticality in the form of a landscape with plateaus at different
altitudes in the landscape. This was done in order to emphasize and ex-
press at what level in the hierarchy a cone or group of cones are located. In
the empirical assessment, it seems as if the participants were just as inclined
to express themselves in terms of verticality when using the hypertext pro-
totype.

Under the assumption that my interpretation of the data and what it
amounts to is fair and that the results are not confined to this isolated study,
what would that mean concerning the appropriateness of using embodied
realism as a theory informing massification design? A plausible answer is
that the theory can serve the purpose of guiding design and the theoreti-
cally informed design seems also capable of evoking embodied meaning on
part of the users. However, it seems also as if embodied meaning is evoked
by design that does not have any apparent form that should motivate an
embodied understanding. Rather, the reason for an embodied construal
seems external to the designed artifact.

Further observations

One aspect of the evaluation that I take to be important is that both
SchemaSpace and the hypertext prototype were used with not only the
same kind of data, but also the same data, the same set of categorized web
pages. It is important because that opens up for possibilities of arriving at
an understanding that concerns possible differences between the prototype
design, rather than a particular information space.

Such differences may be related to the theoretical outset or not. In
this section, I will point out some differences that I have observed. To
what extent these differences can be attributed to the theoretical outset is
an important issue. However, in this section I will dwell on the differences
as such and take on issue of the design being theoretically informed to the
section that follows.
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Figure 8.11: A SchemaSpace region with beverages

In the beginning of the chapter, distinctiveness, quantity, connected-
ness and part-wholeness were presented as qualities driving the design of
SchemaSpace. One observation in relation to all of these concerns what
might be called guided serendipity.

For instance, when the participants were asked to find out for what
kind of beverage there were most associated web pages, the participants
behaved differently depending on which prototype they used. When using
the hypertext prototype, they typically answered wine, which by all means
is correct. This answer was typically based on looking through the beverage
categories beer, coffee and wine. However, beer also had a sub-category
on home brewing and that category was typically not considered in their
assessment. It seems like the hypertext promoted a kind of use experience
where the participants were content when they found what they expected
to find.

When the participants used SchemaSpace, the home brewing sub-
category seemed to be more salient as something that was connected to
beer, or a part of it, and was also taken into account when making this
judgment. As shown in figure 8.11, when the user is inside the beverage
category, the sub-categories are clearly visible but also a visual cue that sug-
gests a sub-category to the beer category. In comparison, when the user is
at the beverage page of the hypertext prototype, only the most immediate
sub-categories are visible.

On a more general level, it is my interpretation from the evaluation
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sessions that SchemaSpace allowed for a kind of serendipitous information
exploration that the hypertext prototype did not do to the same extent.
While navigating SchemaSpace, there is a chance of finding possibly useful
pieces of information that need not to be on the immediate path where the
user is making her way through the information landscape.

In SchemaSpace, cones passing by or emerging at the horizon may
give clues for current or future information needs. The view of the web
hierarchy as presented by the hypertext prototype may be said to be page
oriented and retrospective because what is visible are the immediate sub-
categories to the category presented at the current page and the straight
path from the top to that page.

The view of the hierarchy as presented by SchemaSpace may be said
to be gaze oriented and prospective, because what the user sees of the hi-
erarchy is dependent on the vantage point and direction of gaze. It is
prospective because, it may cater to unanticipated information needs. Put
differently, the hypertext prototype imposes a structure onto the user’s in-
teraction with the information collection. Largely, this structure is the
structure of the collection. SchemaSpace, with its continuous and land-
scape oriented character also imposes a structure, because the features of
the interactive information landscape is determined by the structure of the
web collection. However, this structure is more suggestive in contrast to
the more forcing structure of the hypertext prototype. This kind of inter-
action freedom offered by SchemaSpace seems to have made a difference
for the participants in the evaluation by making it possible to attend to
parts of the collection that otherwise would run the risk of remaining un-
noticed. Also, this kind of serendipity is not about pure chance. It is what
might be called guided serendipity.

Figure 8.12 illustrates the different kinds of views. A user of the hyper-
text prototype is confined within the strict boundaries of the information
structure and from her current location (the H-circle) she can only see
the most immediate sub-categories and the path to the top of the hier-
archy. A user of SchemaSpace can roam more freely and is not confined
by the information structure as such, in the same strict sense. Because of
that, depending on current location and direction of gaze, she can also—
literally—view parts of the hierarchy from different perspectives.

Plausibly, this kind of serendipity is made possible through the contin-
uous character of SchemaSpace in use, compared to the discreet, page-by-
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Figure 8.12: Views of web hierarchies: Hypertext vs. SchemaSpace

page oriented use catered for by the hypertext prototype. In general, this
difference in character is essential concerning the more specific differences
that I can interpret from the evaluation sessions.

However, the layout of the cones and the shaping of the landscape,
that were motivated by embodied realist outset for the design, also con-
tributes to make this a guided serendipity, rather than a mere accidental
luck. Consider the wedge shape in figure 8.12 that represents what a user
sees from a particular point in SchemaSpace. What she would see would
not be a set of unrelated, randomly positioned cones, but rather a set of
cones that are not only spatially close to each other, but also close to each
other in terms of their location in the hierarchy.

If we focus on the quantity aspect of the web page collections as con-
veyed by the different prototypes, the notion of continuous experience
seems important. The participants were asked to assess which of all the
categories that had most web pages and also encouraged to articulate their
strategy for arriving at such an assessment.

In the case of the hypertext prototype, many participants reported that
they had to go through all categories to make such an assessment, which
many of them typically expressed to be an overwhelming task. Some par-
ticipants also suggested that this assessment could be based on what the
categories were about. For instance, one participant suggested that a mu-
seum category ought to have a lot a web pages because there are so many
web museums out there. However, the dominating strategy was to go
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through each category and look at the number of web pages.
Participants of SchemaSpace suggested this strategy as well, but instead

of going through pages, they suggested that one needed to look inside each
cone. However, many of the participant came to the conclusion that it was
possible to look at the height (or the size) of cones to get an

Of course, it might be argued that one feature or another could be
added to a prototype such as the hypertext prototype to accommodate for
these kinds of experiences. That is true, but misses the point. The point
is that the hypertext prototype embodies a kind of archetypical way of
presenting this kind of information that can serve as a point of reference
for assessing SchemaSpace.
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VISUALIZATION OF TIME AND EVENTS

9.1 Introduction

It is hard to imagine aspects of human experience more central than time
and space. Experientially, whatever someone does, it is done at some point
in space, at some point in time. Experience is situated in time and space.
In comparing space and time as dimensions of experience, space seems to
represent the most concrete of the two.

The spatial context of experience can typically be explored and tam-
pered with in various ways, motorically and perceptually. A trite example
of this is someone’s experience of a room. The confines of the room can
(given proper lighting and vision) be assessed visually. The walls can be
sensed by means of touch. Moving about in the room back and forth,
side to side can alter the vantage point. Now, there are obvious counter
examples of this, such as situations of total perceptual deprivation, states
of paralysis and other phenomena that may thwart the possibilities of ex-
periencing, let alone change, the spatial context of experience. These are
rather to be considered as exceptions (imposed or otherwise) to the typical
conditions of human experience of space.

This is not the case with time, it seems. The temporal context of expe-
rience has, in comparison to space, a streak of inevitability to it. In contrast
to space, an experiencing subject cannot intentionally decide to go back to
a previously visited point in time (and successfully act in accordance with
that decision). The past can at best be remembered, perhaps sought for,
but never revisited. Likewise, the future is not accessible through actual
experience, only through fallible imagination. The future will inevitably
become the present, but not through mechanisms that depend on human
will and action.

193
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Even though time is such a prominent aspect of human experience and
the ordering of events, it remains elusive and—by definition—transient,
but only at one level. At another level, time seems not abstract at all. The
notion of time seems to be thought of as something decidedly concrete,
something that one can move in relation to, or something that passes,
something that resembles the qualities of physical resources.

Put differently, the abstract notion of time seems to be conceptualized
through metaphorical projection from more concrete experiences. Em-
bodied realism offers an explanation as to why this is the case, which is
something that this chapter will address.

This chapter will—more specifically—discuss understanding of tem-
poral phenomena from the perspective of embodied realism. The design
of two prototypes is presented. Each of these designs aims at capturing es-
sential aspects of two distinct ways of conceptualizing time as suggested by
embodied realism. Also, an evaluation of these prototypes is discussed at
some length. The purpose of the evaluation is (1) to address to what extent
it matters which underlying embodied metaphor informs the design, and
(2) how the conflict between these ‘embodied’ designs and conventional
ways of visualizing time and events is experienced by the participants of
the study.

9.2 Background

The background to this chapter originates in two different collaborations.
First, Mikael Wiberg and I collaborated on a project related to ways of
visualizing the past, present and future activities of mobile workers orga-
nized in projects. This project is more fully described in Lund and Wiberg
(2001). The outset for that collaboration was some observations of the mo-
bile characteristics of service technicians in the telecommunications sector
(Wiberg, 2001).

Second, I collaborated with Daniel Fällman and Mikael Wiberg on a
project concerning novel ways of conceptualizing mobile technology. From
that collaboration, a prototype for scrolling large documents emerged (Fäll-
man et al., 2004, accepted for publication). For the work presented in this
chapter, this prototype was adapted and applied by me in order to address
the issue concerning how embodied realism can inform the design of visu-
alization of time and events, which was not part of our collaboration. The
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result of our collaboration and my way of adapting it will be more fully
described later in this chapter. Also, some aspects of the content of this
chapter is presented in Waterworth et al. (2002) together with other exam-
ples of research efforts that can be said to be geared towards experiential
aspects of human-computer interaction.

9.3 Embodied meaning of time and events

The introduction to this chapter suggests that time (and space) constitute
two fundamental dimensions of experience. On the one hand, this should
not be an exception concerning the experiences that people may have from
contemporary animated, graphical user interfaces that draws heavily on
management of spatial and temporal dimensions. On the other hand, as
discussed previously in this thesis, such designs often draws on knowledge
about specific contexts, such as offices and other largely cultural contexts
that act as source domains for the metaphorical mappings that characterize
the design.

My ambition in this thesis—generally—is to investigate if embodied
realism can serve as an informative grounding of design that stresses and
draws on a kind of familiarity that transcends that of familiarity with spe-
cific and cultural domains. This chapter addresses the design of interactive
visualizations—or massifications—of time and events. This could be just
about anything that is represented by a computer system: the past, present
and future of a document, network events, such as web server accesses, or
any other represented temporal phenomena. However, in this chapter I
confine myself to work with data about meetings that occur between two
points in time and at some point in space.

Time orientation metaphor

As hinted at in the introduction to this chapter, the notion of time is on the
one hand abstract and on the other hand concrete. It is abstract in the sense
of escaping attempts at touching it, seeing it or otherwise grasp it through
the senses. However, time seems concrete in the way people experience and
talk about their temporal experiences. As examples consider the following
sentences:
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Table 9.1: The time orientation metaphor (Lakoff and Johnson, 1999, p. 140)

The Location of the Observer ⇒ The Present
The Space in Front of the Observer ⇒ The Future
The Space Behind the Observer ⇒ The Past

I am looking forward to the summer vacation. Stop looking back
and concentrate on what’s ahead of you.

The examples above are linguistic expressions that partially reveal some
of the spatial and perceptual character of everyday conceptualizations of
time. Lakoff and Johnson (1999) refer to this conceptualization as ’The
time orientation metaphor’. As shown in the examples, time is spatially
oriented in relation to an observer so that the future is in front of the
observer and the past is behind. Consequently, the present is at the location
of the observer.

Table 9.1 summarizes the structural elements of the metaphor.
How come that this particular orientation is the case in many lan-

guages and cultures rather than, say, an orientation where the future is
to the left and the past to the right? The embodied realist explanation is
that this particular way of conceptualizing time is grounded in embodied,
concrete interactions that pertain to temporal aspects of experience. For
instance, what someone will encounter is typically in front of the person;
what someone has encountered is typically behind the person; what some-
one is encountering is typically in the closest proximity to the person.

Metaphors for temporal motion: moving time and moving observers

The time orientation metaphor provides structure to make sense and talk
about the temporal location of events and also to compare the immediacy
of different events. However, orientation alone does not provide enough
structure to account for the change of time. Lakoff and Johnson present
two major metaphorical conceptualizations of time that surface in lin-
guistic expressions, the moving time metaphor and the moving observer
metaphor. Consider for instance the following two sentences:

The deadline is approaching. We are approaching the deadline.
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Table 9.2: The moving time metaphor (Lakoff and Johnson, 1999, p. 141)

Objects ⇒ Times
The Motion of Objects ⇒ The “Passage” of Time Past The Observer

Table 9.3: The moving observer metaphor (Lakoff and Johnson, 1999, p. 146)

Locations on Observer’s Path of Motion ⇒ Times
The Motion of the Observer ⇒ The “Passage” of Time
The Distance Moved By the Observer ⇒ The Amount of

Time “Passed”

Contentwise, the two sentences are very similar by describing the de-
creasing distance between observers and an event (the deadline). However,
a striking difference is that in the first sentence it is the time - or rather the
event - that is moving in relation to the observer, whereas in the second
sentence it is the observer that moves in relation to the event. Thus, both
ways of conceptualizing time involves the structure of spatial motion with
the same time orientation, but differs concerning figure and ground.

As is the case with time orientation, the reasons for conceptualizing
time using the structure of these two metaphors can - according to Lakoff
and Johnson - be explained by the embodiment of recurrent experiences
of what they refer to as "motion situations". For instance, the conception
of time as a moving agent in relation to a fixed observer is partly grounded
in recurrent experiences of moving physical objects in the visual field that
approach the observer. Similarly, the conception of time of something
spatially fixed that the observer moves in relation to correlates to the ex-
perience of moving the body in relation to fixed objects. In both types of
conceptualizations, motion of—or in relation to—physical objects stand
for the ’passage of time’.

Time as substance

There are variations on the conception of time as moving objects. Consider
the following expressions:

It is suggested by Lakoff and Johnson (1999) that—as a variation of
the Moving Time metaphor—time is also conceptualized as a flowing sub-
stance (Lakoff and Johnson, 1999, p. 144–145). Whereas the Moving
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Table 9.4: The Time-Substance Variation(Lakoff and Johnson, 1999, p. 145)

Substance ⇒ Time
Amount Of Substance ⇒ Duration Of Time
The Size Of The Amount ⇒ The Extent of the Duration
Motion Of Substance Past The Observer ⇒ The “Passage” of Time

Time metaphor emphasizes the notion of time as moving, discreet and
countable objects, the time-substance variation emphasizes time as some-
thing extended and measurable. Lakoff and Johnson attribute this varia-
tion as an instance of what they refer to as the “multiplicity-to-mass image
schema transformation” (p. 145). This principle refers to experiences of
countable phenomena that are construed as a single, mass of objects.

As expressed in table 9.4, the structural elements of this metaphor con-
sist of substance that corresponds to time, that is, time is experienced in
terms of qualities associated to substances. An example of that is that the
duration of time is construed as an amount of a substance, where the ex-
tent of the duration is experienced as quantity (or size) of that amount.
Time that passes is accordingly conceptualized as substance that flows past
an observer.

Time is a resource

Yet another metaphor for time is the time as a resource metaphor. Accord-
ing to Lakoff and Johnson (1999), this metaphor and the more specific
version, Time as Money, are typical of Western culture. These metaphors
imply an understanding of time as something that can physically be had,
lost, spent, etc. Consider the following sentences:

You have some time left. You’ve used up all your time. I’ve got
plenty of time to do that. I don’t have enough time to do that. That
took three hours. He wasted an hour of my time. This shortcut will
save you time. It isn’t worth two weeks of my time to do that job.
[. . . ] (Lakoff and Johnson, 1999, p. 161)

Each of these sentences illustrates how time is talked about in a fashion
similar to how people may talk about resources in general, but perhaps
of money specifically. As with all conceptual metaphors, this particular
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metaphor emphasizes some aspects of time and downplays other aspects.
In contrast to the previously discussed metaphors, the time is a resource
metaphor that does not spatialize time in the same sense as the previously
discussed metaphors. Rather, it stresses the notion of time as something
that can be had and lost, spent and saved in relation to some purpose.

Table 9.5: The Time Is A Resource Metaphor(Lakoff and Johnson, 1999, p.
162-163)

The Resource ⇒ Time
The User of The Resource ⇒ The Agents (The User of Time)
The Purpose That Requires The Resource ⇒ The Purpose That Requires Time
The Value of The Resource ⇒ The Value Of Time
The Value of The Purpose ⇒ The Value Of Time

9.4 Ways of representing time

The previous sections presented an embodied realist account of different
ways of conceptualizing time. Although, the discussion of time by Lakoff
and Johnson (1999) is embedded in a larger, philosophical context con-
cerning the influence of embodiment on a wide range of subjects, they
also observe that different time metaphors may have of practical utility:

Think of the benefits we reap from, say, the Moving Observer
metaphor, in which times are location in space and temporal inter-
vals are distances. Analog clock use this metaphor with the hands of
clock as the moving observer and the location of the hands in space
as representing time. Digital clocks make use of this metaphor in-
directly, via the intermediate metaphor that numbers are points on
a line. The numbers pick out points on a line that metaphorically
represent instants of time. (Lakoff and Johnson, 1999, p. 55)

However, it seems not to be the case that all man-made expressions
echo the structure of the time metaphors, presented by Lakoff and Johnson
(1999). In the following, I will briefly examine some typical artifacts used
to express time and events. The examination is done from the viewpoint
of the metaphors and includes examples based on information technology
as well as other technologies.



200

Figure 9.1: A calendar used for room scheduling

Traditional technologies

The photo in figure 9.1 shows what I take to represent a typical calendar of
the kind usually used stationary on desktops and the like. This particular
calendar is in fact wall mounted and is used to schedule a meeting room.

In terms of temporal orientation this calendar seems to employ a dif-
ferent scheme than the Back-Front orientation described by Lakoff and
Johnson (1999). When used as a wall calendar, early hours are presented
close in relation to the top, whereas late hours are presented close relative
to the bottom of the calendar. If the calendar were to be used on top of
a horizontal surface, this way of presenting time could be understood as a
reversal of the Back-Front orientation.

The calendar is also interesting in terms of time substance. The way
the calendar is printed, it comes as a blank tablet except for thin lines
marking the division of hours. If the attention it turned towards the en-
larged inset, it is apparent how four different persons have—with their
own unique handwriting—jotted down markings to schedule the room
for a specific period of time. What these markings have in common is
that they can be interpreted as ways of giving time substance. A piece of
the otherwise regularly divided succession of hours is turned into a readily
discernible object with a beginning and an end.
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Figure 9.2: Events in the MS Outlook calendar

Information technology

A frequently occurring interface for expressing events in time is the Mi-
crosoft Outlook Calendar (see figure 9.2). It is striking that it borrows its
visual design largely from traditional, physical calendars.

As suggested in the case of the physical calendar, the Outlook design
seems to employ what can be interpreted as stemming from the time-
substance conceptualization. Whereas non-scheduled time is represented
as successions of events (the horizontal lines), scheduled time is represented
by means of continuous bars, spanning a number of event lines. Thus, a
meeting—or anything scheduled in Outlook—is made explicit as a visu-
ally, unified whole (in contrast to discreet event lines). In this respect,
Microsoft Outlook can be said to reflect a common, embodied conceptu-
alization of time.

Concerning temporal orientation, what comes early in a day goes near
the top of the window (if we assume that the user has a vertically oriented
screen). What comes late is laid out—relatively speaking—closer to the
bottom of the window. In this respect, the Outlook calendar is very much
like the physical calendar described above.

The question of how to visualize temporal aspects of information at
the user interface has been explicitly addressed recently by other research
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projects. Of special interest for the context of this paper is the LifeStream
model, the brainchild of David Gelernter and Eric Freeman (Freeman and
Gelernter, 1996). As the name suggests, LifeStream employ a notion of
time as a moving stream, a variation of the moving time metaphor (referred
to as the time-substance variation by Lakoff and Johnson, 1999). Interest-
ingly enough, the LifeStream model has a reversed time orientation; doc-
uments that are old are spatially organized far ahead of the observer where
as more current documents are closer to the observer. A similar reversed
time orientation is also employed in John Waterworth’s StackSpace model
(Waterworth, 1997b), where information objects in the form of slices or-
ganized in stacks tend to drift farther ahead and away from the user’s point
of view as they get older (or become less relevant).

Also of related interest is the work on Time-Machine Computing by
Rekimoto (1999). Rekimoto presents a prototype interface called TimeScape
that aims at combining a desktop metaphor with the notion of time trav-
eling in order to help the user to recollect the context of past events.
In embodied realist terms, Rekimoto’s design employs a moving observer
metaphor by letting users ‘travel’ in time.

9.5 Prototype renditions

In what way can these conceptual metaphors concerning time and events
inform visualization design? To begin with they constitute systematic—
even if not universal—structures of embodied reification that are employed
in the understanding of time and events. As such, they seem to be tan-
tamount to a possible grounding for design of massification of temporal
phenomena. This grounding originates—supposedly—in embodied expe-
rience rather than in the kind of arbitrary convention in the sense discussed
by Handa (1999) and elaborated on by me in the model of meaning and
mobility in chapter 3 of this thesis.

As I have argued in chapter 7, a specific design cannot simply be
deduced from an image schema or conceptual metaphor. These struc-
tures are general and abstract to its character, unlike typical user interface
metaphors, such as rooms and desktops. Whereas, say, a room may imply
quite distinctive features in terms of form and function, an image schema
contributes primarily with abstract structural elements and a logic that gov-
erns the relations between the elements. This abstract character is open to
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and calls for interpretation on part of the designer in order to arrive at de-
sign renditions that resonate with embodied structures of meaning in the
form of image schemas.

As was the case with SchemaSpace, the research process behind the
visualizations of time and events can be described as process of evolving
different renditions. Partly, this process has been informed by comments
and criticism from colleagues and senior advisors that have made me think
differently on the designs and their relation to the underlying theory.

Interactive table

In the introduction to this chapter, it was mentioned that the contents of
this chapter partly emerged from a collaboration between me and Mikael
Wiberg (Lund and Wiberg, 2001). Our collaboration was a way of amal-
gamating my interest in information visualization with Wibergs work on
issues related to meetings and mobility (see for instance Wiberg, 2001).

In his studies he had found out that the often individual and spa-
tially distributed work of service technicians could not fully be realized as
intended by means of the information technology that was supposed to
provide support for coordination and communication among the techni-
cians. In order to cope with the work situation and to get the job done, the
technicians arranged for physical, face-to-face meetings that served both as
a means for socializing with co-worker as well as a way of establishing a
common ground concerning the status of each others work.

In our joint effort we addressed the issue of how mobile workers—
such as those studied by Wiberg—could be supported, but not by another
mobile device (in addition to the laptop and the three mobiles phones they
already had). Our take on the issue was to address how the work situation
could be articulated in terms of a project’s past, current and future events
and the resources that are associated with these events. In hindsight, the
design of RoamViz (the name of a conceptual design we came up with)
and its grounding in the specific need of mobile workers.

Although RoamViz may not have been firmly grounded in empirical
data, the question concerning to what extent it is theoretically grounded in
embodied realism is what is of interest from the perspective of this thesis.

Our design, called RoamViz, is informed partly by the experientialist
framework in as much as to serve as a basis for the presentation of events
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Figure 9.3: Conceptual design of RoamViz

at the interface. Furthermore, the design is influenced by the recognition
of the importance of co-location even in the context of mobile work. Con-
sequently, our design is intended to serve as a physical meeting place for
making sense of otherwise dispersed meetings and events that occur in mo-
bile project work. As shown in the prototype illustration in figure 4, we
have chosen to use a table like device for our visualization. In the follow-
ing, we discuss some of the hows and the whys of the RoamViz design.

We have chosen to use a table like artifact for RoamViz. In addition to
the symbolic value as an artifact for planning and conflict resolution, tables
may be arranged in ways to encourage social interaction. Our intention is
to make the RoamViz table a computer enhanced, physical meeting place
where project members can interact socially and with the information as
it pertain to their work. We envision this kind of work as something that
could benefit from a physical and tangible form of interaction as a contrast
to the abstract nature of time and events. Put differently, the table may
be seen as an attempt to transform an abstract and cognitively demanding
activity to a concrete, perceptually rich activity. As shown in figure 9.3,
events are depicted as clusters of objects, laid out on a landscape beneath.
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Figure 9.4: Closeup of RoamViz

Object that are somehow related conceptually, are also linked perceptually
in the interface; the perceptual cue is intended to suggest something to the
user about the conceptual characteristics about presented events.

In the illustration in figure 9.4, there has—at some point in time—
been an event in the form of a presentation. Connected to this presentation
event are also a number of people (Jun, Bruce and Natasha). Also linked
to the event are a video recording and some slide material. The notion of
linkage is also applied to visually express relations between events. Presen-
tation cluster of event related objects are also linked to another cluster of
event objects. This cluster represents an event that occurred some place in
time prior to the presentation event and is related to the presentation in as
much as being a planning and setting of an agenda for the presentation.

Following the embodied realist account of different time conceptual-
izations, our visualization design embodies the notion of time orientation.
By introducing the pointing stripes at the margins of the interface we aim
at suggesting a spatial direction for the events in order to make temporal
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order distinguishable.

As the discussion on experiential senses of time suggests, time may
be conceived of in different ways, whereof the moving time and moving
observer metaphors are two examples pervasive in everyday discourse. The
design of RoamViz is based on the moving observer metaphor requiring
an active user to ’travel’ across a project landscape of related events in order
to experience time segments of the project. The moving time observer is
also a possible organizing principle for presentation of project events, but
implies a different kind of interaction agency where users are given a more
passive role in the user interface experience.

The RoamViz design rendition is associated with some problems that
have become apparent as my thinking about my work has changed since
that work was initiated. As already touched upon, some of these problems
are related to the fact that RoamViz originated in an attempt to support
mobile workers as well as an attempt to design a visualization informed
by embodied realism. In hindsight, RoamViz leaves some to be desired in
both of these respects. However, as a part of overall process the work on
RoamViz has been constructive and has served an instrumental role at ar-
riving at what I take to be a better design rendition of embodied meanings
of time.

A better rendition in this context is to be understood as a rendition
that more distinctly resonates with embodied meanings of time. The re-
search problem I address in this thesis is the feasibility of embodied realism
as a guiding framework for information visualization artifacts and not how
mobile workers can benefit from visualizations emanating from the experi-
ential approach that I explore and investigate. Therefore, the design rendi-
tions that follow—and the thoughts behind—are evolved from RoamViz,
but the aim towards support for mobile work is disposed of.

9.6 Time and event visualization in PDAs

Ironically as it may seem, the renditions that evolved from the exceedingly
immobile RoamViz are based on mobile PDA devices, even though the aim
to support mobility is left behind. However, these renditions capitalizes on
a kind of mobility that comes close to what Luff and Heath (1998) refers
to as micro mobility (that is, the capacity of an object to be mobile over
short ranges), rather than mobility concerning peoples’ ability to travel
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large distances bringing their computer along.

Background

In a collaboration between me, Daniel Fällman and Mikael Wiberg we ex-
plored different high-level conceptualizations of PDAs and what these con-
ceptualizations may entail in terms of how PDA applications are designed.
In this collaboration we articulated what we took to be two distinctly dif-
ferent conceptualizations of PDA devices: PDAs as worlds of objects versus
PDAs as objects in the world.

What seems to be the currently dominating conceptualization is to
understand the device as a self-contained world of objects. Given such a
conceptualization, interaction design focuses largely on the creation, ma-
nipulation, presentation, and management of objects within the limited
confines of the physical device in itself. By and large, this kind of PDA de-
sign is much like the design of graphical direct manipulation interfaces as
found in the operating environments of Windows and Mac OS, although
physically downscaled.

A contending, high-level conceptualization of mobile artifacts is to un-
derstand them as objects in the world. Such a conceptualization stresses
that the design space for mobile devices is not ultimately constrained by
the properties of the specific artifact. Here, the design space rather becomes
governed by the possibilities of the interaction that can be accomplished
through the properties that emerge in the encounter of the affordances of
the mobile device and those of objects in its immediate physical context.

As part of our collaboration we designed and devised two prototypes
that we take to be instances of PDA design stemming from each of these
conceptualizations. These prototypes did not address temporal visualiza-
tion in any way, but focused rather on scrolling of large images. In the
following I will discuss how I have used these ideas and prototypes in or-
der to articulate two design renditions of embodied senses of time and
events.

Temporal landscape

The goal behind the design of the prototypes has been to design them
in such a way that they differ in terms of what is fixed: the observer or
the landscape. In all other respects, it has been my ambition to keep the
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Figure 9.5: Section of a time landscape with events

prototypes as similar as possible. Before going into what is specific for each
of the prototypes, I will present aspects of the designs that are similar.

The prototypes borrow some of its form from the RoamViz design.
Just as in RoamViz, the PDA based prototypes depends on the notion of
what I refer to as a temporal landscape. Events are dispersed spatially in
relation to each other throughout the landscape. A part of a temporal
landscape is shown in figure 9.5. This particular landscape contains made
up teaching events, where one or more persons affiliated to a department
are responsible for teaching a particular subject.

I use the notion of landscape in a rather abstract sense. The landscapes
in the prototypes are void of green hills, trees and other features that one
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might find in physical landscapes, natural or otherwise. However, just as
landscapes found in the physical environment, the prototype landscapes
serve a foundational function in the sense of defining and constraining a
physical and perceptual context for objects in the landscape. Put differ-
ently, the landscape relates to the objects as figure relates to ground and
contributes to the possibility of experiencing the landscape as a meaning-
ful, Gestalt-like whole. It is this sense of landscape that the design is striv-
ing to express. Although Johnson (1987) just mentions it in a table (p.
126), he suggests that there is a surface image schema. It seems plausible
that a surface schema could have the qualities that I attribute to abstract
landscapes.

If we look closer at the details of how the landscape is designed, the
striped borders from RoamViz is a part of this design as well, although
in a slightly different way. What I want to accomplish with the stripes is
partly to confine the landscape, to draw its limits. Perhaps even more im-
portantly, the border is meant to be suggestive of orientation—and more
specifically—suggestive of temporal orientation. The stripes are designed
to point forwards, towards the future, as it were. The intention is to cater
for an experience on part of the user that what lies ahead in the landscape
spatially are events that (temporally) come after the events that—relatively
speaking—are placed behind. Thus, the design strives towards to employ a
back-front orientation, as discussed previously in this chapter. The stripes
are one way of addressing this goal. Also, the prototypes are—just like
RoamViz—meant to be experienced horizontally. Whereas the typical way
of using personal computers often is associated with a vertical alignment
of the screen, these prototypes are designed to be aligned horizontally as to
emphasize the notion of back and front, rather than an up-down orienta-
tion.

A comparison of the stripes of RoamViz and of the PDA based proto-
types shows that the stripes of RoamViz are made up of a series of complete
arrows, whereas the new stripes are a series of half arrows. This change is
partly due to the more restricted screen real estate of PDAs compared to
the fifty inches worth of plasma display that we envisioned for the imple-
mentation of RoamViz. However, considering that the left and right side
borders are mirrored in relation to each other so that they, taken together,
complete a series of arrows pointing forward and inward in order to suggest
a front-back orientation of future and past.
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Interestingly enough, the back-front orientation as suggested by the
theory seems counter-intuitive with respect to the way events typically are
presented in calendars, time-tables and other event-centric artifacts. Plau-
sibly, this is but one instance of am important aspect of the usefulness or
otherwise of embodied realism. What it hints at are situations where em-
bodied meaning collide with meanings established over time through social
practice.

An aspect of the landscape design that is not found in RoamViz is the
ambition to also include what may be regarded as a rendition of the time-
substance variation discussed previously. RoamViz did not contain form
aspects that in any way made it possible for a user to make out how long
an event was. Events were rather considered as point in time, extensionless
entities without beginning or end.

The more recent landscape design renders events as continuous wholes.
As shown in figure 9.5 the lecture events are represented as rectangu-
lar objects that occupy landscape space and by metaphorical extension—
temporal space. To suggest that these objects are distinct from the land-
scape underneath yet perceptually contextualized by it, a subtle drop shadow
was added to make it stand out.

As in RoamViz, horizontal lines, dividing the landscape into temporal
sections cross the landscape. Each section is fifteen minutes in the partic-
ular landscape shown in figure 9.5. In the more recent design, dividing
lines at a one-hour interval are also annotated with a textual representation
of the time of day. This change was added with some hesitation. On the
one hand, I found it necessary in order for someone to actually under-
stand when an event takes place. On the other hand, it draws the design
closer to a typographical context and the interpretative conventions gov-
erning typographical pieces. However, it also emphasizes the meaning of
the back-front orientation by making explicit that what is later in the day
is closer to the front.

Moving time rendition

The temporal landscape is much larger than what the PDA display permits
to display at any one time. The landscape of which only a part is shown in
figure 9.5 occupies totally 1980 pixels, of which only portion of 320 pixels
can be shown at a time. In temporal terms this corresponds to a landscape
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covering 22 hours with a visible time frame of approximately three and a
half hour (1.5 pixel per minute).

Clearly, in order to cater for the experience of the whole temporal
landscape some kind of scrolling is called for. However, this is not just
a scrolling problem. What embodied realism seems to suggest in my in-
terpretation is that there are several alternatives that can be motivated by
embodied experience.

The first prototype explores one such alternative: scrolling informed
by the moving time metaphor. What this metaphor suggests is that the
passage of time is construed as a dynamic, non-fixed, reified time. Event
objects move in relation to a stationary observer.

In the prototype design this is rendered according to what earlier in this
chapter was articulated as a world of objects. More specifically, the tem-
poral landscape and the events dispersed throughout its surface are viewed
as a world that someone (a user) can readily manipulate. As such, this
prototype rendition echoes. The first prototype was designed to embody
the essentials of direct manipulation interfaces. The objects of interest—
events—should at all times be visible. State changes should be accom-
plished through physical actions that are incremental, rapid and reversible.

Figure 9.6 shows how this is realized in the prototype. The user manip-
ulates the landscape by tapping somewhere in the displayed section of the
landscape with the stylus. By holding the stylus down while dragging, the
user can move, or scroll, the landscape and its contents. During scrolling,
the tip of the stylus stays aligned with the point in the landscape image
where it was first put down. This manipulation is very direct and mimics
with close resemblance what it would be like to move an object with, say,
a pair of tweezers.

An alternative (that was initially explored) would to use the stylus to
first tap somewhere in the display area and then drag in the direction that
we want to scroll. The absolute distance between the first tap point and
the point where the stylus is hovering during the drag action could be
mapped to the velocity of the scrolling. However, this is a less direct,
direct manipulation and resonates more with a notion of moving over the
landscape in a vehicle of some sort.

What I want to achieve is a rendition of the moving time metaphor
that provides the possibilities for an experience of actually moving the tem-
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Figure 9.6: Moving time rendition

poral landscape as such, not to move in relation to it, which the alternative
suggests.

Moving observer rendition

The second prototype that uses a PDA as its technical base aims at con-
stituting a rendition of the moving observer metaphor. Whereas the pre-
viously discussed rendition involves a temporal landscape that can be ma-
nipulated in relation to an otherwise stationary observer, this rendition
reverses what is stationary and what is in motion.

If the moving time metaphor rendition can be said to resonate with
a view a PDA as a self-contained world of objects, the moving observer
metaphor rendition can be said to resonate with a view of a PDA as an
object in the world. As such the PDA is not merely a container of objects
that are subject to a users manipulation. Rather, the PDA is conceived of as
an object—among other objects—that takes on its interactional qualities
while coming together with the affordances of other objects.

In the moving observer metaphor rendition, the temporal landscape
can be considered as a stationary object located on a flat surface that the
user can see portions of at any one time. Different portions of the land-
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Figure 9.7: Moving observer rendition

scape are revealed as the user slides the PDA along the surface. Figure 9.7
illustrates this by means of a somewhat manipulated image. What is actual
in this image is the PDA and the landscape image in its display. To em-
phasize the notion that the PDA is intended to be used as an interactive
object to explore the landscape underneath, the landscape image has been
added to the illustration.

The use of the prototype involves a different kind of activity on part of
the user. It was designed to promote scrolling by means of sliding the PDA
by extending the arm, rather than a more fine-grained manipulation with
the fingers. As the PDA is slidden over the surface, the virtual temporal
landscape remains at a standstill and the portions that can be thought of as
being under PDA is shown in the display. Even if this kind of interaction
does not involve movement of the user’s body as a whole, it requires the
user to actively move the PDA in order to see new parts of the landscape.
It is above all this kind of movement in conjunction with a stationary
landscape that makes this rendition a rendition of the moving observer
metaphor.
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Some notes on implementation

The implementations of the two prototypes have that in common that the
temporal landscape is generated by a Java program running on a stationary
computer. The landscape generator takes as it input a textual description
of the landscape and its events and generates a bitmap image containing
the landscape as output.

This bitmap is transferred to a PDA and loaded by either the SlideScroller
or the StylusScroller. Both programs were coded in Microsoft Visual C++
and used the GAPI toolkit (developed by Johan Sanneblad at the Victoria
Institute in Gothenburg) for the graphics part of the prototypes.

The StylusScroller is—implementation wise—very simple. The im-
plementation of the SlideScroller is somewhat more interesting.

The design is realized through a combination of the sensing circuitry
of an off-the-shelf optical mouse and a custom made circuit. The main
function of the custom made circuit is to read movement data as reported
by the sensing circuitry and communicate this data to the PDA. The im-
plementation makes use of the PDA’s capacity for infrared data communi-
cation, which allows for an untethered, serial link between the PDA and
the sensing device. Anders Hasselkvist and Björn Yttergren provided great
help in doing the electronics construction and firmware programming.

As shown in figure 9.8, the circuitry is fitted inside a casing designed to
allow for smooth sliding over flat surfaces. As the user slides the PDA, the
application software in the PDA reads the motion data from the infrared
port of the PDA and updates the display accordingly. This solution has
been proven a simple, yet effective way of prototyping the notion of PDAs
as objects in the world.

It should be pointed out that the kind of interaction that the SlideScroller
affords is by no means new. See for instance Fitzmaurice et al. (1993) and
more recently, Yee (2003).

9.7 Evaluation

The two most recent design renditions were used in an evaluation. In many
respects the evaluation was conducted according to a procedure similar to
the one used in the comparison between SchemaSpace and the hypertext
prototype.
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Figure 9.8: A dismantled SlideScroller (Photo by Daniel Fällman)

There is however one important difference. SchemaSpace was evalu-
ated in comparison to what can be considered a frequently occurring kind
of interface for presenting collection of web pages. Put differently, the
evaluation compared a prototype that was designed and influenced from
an embodied realist perspective with a prototype that was not. Rather, the
hypertext prototype was designed to be a manifestation of a conventional
kind of interface.

The current evaluation of the SlideScroller and the StylusScroller is
also partly comparative, but in a different way. The purpose of the eval-
uation is to arrive at an understanding concerning if the participants’ ex-
pressed experiences from using the prototypes are influenced by the design
informed by the embodied realist point of departure. As described previ-
ously, as many aspects as possible of the two prototypes are meant to be
renditions of abstract schematic experiential structures.

The two prototypes are similar in every respect but two. Whereas
the SlideScroller is meant to evoke an experience structured by the mov-
ing observer metaphor, the StylusScroller is meant to evoke an experience
structured by the moving time metaphor.
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Given this outset, one would expect that expressions of the experiences
from using the two prototypes would be different with respect to this dif-
ference in the design, but similar in the other respects.

Evaluation procedure and design

The evaluation procedure is similar to the one described in the previous
chapter. A total of 16 participants took part in the evaluation, with an
equal gender balance. With one exception, the participants were recruited
from the staff at the Department of Informatics, Umeå University. The
exception is a male informatics student at the D-level.

Each participant used both the SlideScroller and the StylusScroller.
Two different datasets and associated tasks were devised by me to avoid
situations where a participant’s self-reported experience is influenced by
the information content of the prototypes rather than the design. Thus,
each participant was faced with two datasets, one for each prototype.

To address potential effects that a combination of a prototype design
and a dataset might have, measures were taken alter the combinations of
dataset and design. Also, to compensate for any effects that the order in
which the different design are used, the order was altered as well. Given
two prototypes and two datasets, the following orderings are possible:

1. First SlideScroller with dataset 1, then StylusScroller with dataset 2

2. First SlideScroller with dataset 2, then StylusScroller with dataset 1

3. First StylusScroller with dataset 1, then SlideScroller with dataset 2

4. First StylusScroller with dataset 2, then SlideScroller with dataset 1

This set of combinations was repeated two times for each gender. Con-
sidering that this evaluation coincided with the evaluation sessions for
SchemaSpace, I also altered the order in which the two distinct evaluations
were conducted.

A dataset in this context refers to a temporal landscape with events
with a start and an end. A portion of a landscape is shown in figure 9.5.
The datasets were built around a fictional scenario of university events
(lectures, seminars, etc) that takes place in time and at specified locations,
with names of people responsible for each event. This kind of scenario was
chosen because it is a familiar kind of context for the participants.

Associated with each dataset was a set of tasks that the participants
were given one at a time after an initial briefing about the evaluation and
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about a minute of getting familiar with the prototype. Examples of such
tasks are:

• What event or events overlap the course introduction in political led by A
Wigren?

• Assume that you should schedule a session in the time table [Swedish.
schema] that must not start before 11.00 and no later than 20.00. What
alternatives do you have at your disposal?

• I would like you to locate the event that concerns Preparations that K
Lavander and others from informatics are involved in.

For a complete list of questions asked to the participants, please see
Appendix A.

The evaluation was not concerned with performance measures such as
time to completion, error rates and other quantitative aspects of perfor-
mance. The tasks were used as a means to get the participants to express
themselves and, hence, they were asked to think aloud while attending to
the tasks.

The participants’ interactions and expressions thereof were recorded
with a digital video camera. Initially, my intention was to only make use
of the sound from the recordings. However, the combination of sound and
video has proved to be very useful in getting a richer understanding of the
interaction.

Analysis

The analysis is best described as a qualitative assessment based on my in-
terpretation of the user’s expressed experience. Additionally, the qualitative
assessment has been subject to quantification to make statistical tests pos-
sible that further may shed light on the character of the participants’ expe-
riences during the evaluation sessions. However, it should be stressed that
the quantitative aspect in the form of statistical tests concerns a quantifica-
tion of my subjective interpretation and, hence, does not add an objective
element to the test. What it adds is a support for me in discerning to
what extent my interpretations of the data indicates differences between
the prototypes.

The qualitative interpretation of the data was mostly concerned with
transcriptions of what was said by the participants during the evaluation
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Figure 9.9: Image from an evaluation session

sessions. However, as mentioned above, the video has been helpful in pro-
viding context to the often implicit utterances. Also, while going through
the video material during the transcription process, notes were taken about
ongoings that seemed particularly interesting.

In order to discipline the interpretative process, I have used a coding
scheme directly related to the theoretical underpinning of the prototype
design as discussed previously in the chapter. The coding scheme consists
of several categories to which I have mapped expressions in the material.
Initially, the categories were the following:

• Front-Back

• Moving observer

• Moving time

• Resource

• Substance

Of these categories all but “Resource” should be familiar from my
previous elaboration of the prototype design. Resource was added as to
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capture expressions that can be interpreted as an ascription of a resource
character to the time and events that are visualized in the prototype.

When I initially started to look at the data it soon became apparent
that the participants expressed themselves in terms of verticality (“I am
scrolling up”, “I am going down again”) in ways that seemed related to
temporal orientation, which is quite different to the back-front structure
discussed previously. For that reason I have added another category to the
coding scheme:

• Up-Down

9.8 Results of the evaluation

In this section I will present examples of and reflections on how the partic-
ipants expressed themselves during the evaluation sessions. This section is
followed by a section where I have collected the quantitative aspect of the
evaluation.

Front-Back and Up-Down

The design of both prototypes are meant to embody the notion of temporal
orientation where that which is ahead in time also is located ahead in the
user interface. Likewise, an event that has occurred—relative to a specific
point in time—should be located behind that point.

The ways of visualizing temporal orientation in the prototype seem to
have caused some amount of turmoil on part of some participants. One
participant expressed the following when using the StylusScroller:

Spontaneously, I figured that it went the wrong way! That you had,
I had expected that you start reading downwards, five, six, seven,
but it went the other way. (P14)

Similarly, another participant expressed the following using the same
prototype:

Backwards? Well, I, I see myself, well, on a regular schedule it is
really in the way that you start with eight then you go downwards
to three, five or seven, but here it was exactly the other way around.
You started from below, if you should see it as a sheet of paper
you should start from below and then go upwards. Well, whatever.
(P16)
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To experience the temporal orientation in the schedule as reversed in
relation to what is commonly the case, seems by no means to be partic-
ular to the StylusScroller. In the context of using the SlideScroller one
participant expressed the following:

I’m checking out in what direction the time goes. It felt illogical to
drag it upwards the later [. . . ] to me it felt, I would want it, six, six
o’clock up there and then seven, I would want to drag it down and
then it becomes evening down here. (P2)

These quotations illustrate what I take to be two interesting and related
aspects of the experience of temporal orientation. First, the structure of the
temporal orientation that informed the design is a Front-Back structure.
However, the experience as surfaced during the evaluation session suggests
an Up-Down structure where late in the evening is expected to be above
events early in the morning. In the case of the StylusScroller this could
make sense since the interaction design allows for a vertical orientation
of the device, whereas the SlideScroller forces a horizontally oriented use
(due to the optical sensing mechanism). However, the participants tended
to use also the StylusScroller in a horizontal fashion.

Second, the divergence from the theoretically grounded design outset
is not confined to a difference concerning dimension—horizontal versus
vertical. As already noted, some, even many, participants were not at ease
with the representation of the order of events. Events early in the day
were commonly expected to be presented near what was experienced as the
bottom of the interface where events were laid out. Similarly, in terms of
the Up-Down conceptualization of temporal orientation, events late in the
day were expected to go near the top.

Very few clear cut Front-Back references to temporal orientation are
found in the gathered material that are more along the lines of the kind of
temporal conceptualization that the two different designs were meant to
resonate with. As an example, one participant expressed the following:

And then I think like this that the end of it [an event] ought to be
quarter to eight in the morning and then we will try to go forward
to it. We said the beginning of the very last session? (P15)

I consider this quotation to reflect an expression that is well lined up
with the design of the prototypes with respect to temporal orientation and
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at the same time it is an exception to the general way that temporal orien-
tation experience surfaced during the evaluation sessions.

These divergences indicate two interesting issues pertaining to the vi-
ability of using embodied realism as a theory informing design. First, we
see an experience of verticality, not Front-Back horizontality as one might
expect from the theory based design point of view. Second, given that
my rendition indeed is an appropriate rendition of the intended tempo-
ral orientation, what the theory suggests in terms of design seems to be
at odds with expectations of the participant. I find this really interesting
and it might very well indicate something significant about the possible
contribution or otherwise of embodied realism to this kind of design.

Moving observer and Moving time

The SlideScroller and StylusScroller prototypes were designed as to res-
onate with two distinctly different conceptualizations of the passage of time.
These conceptualizations are structured by the moving time and the mov-
ing observer metaphors, respectively. As I have suggested, these concep-
tualizations, or rather their design renditions, can be associated with the
construal of PDAs either as objects in the world or as worlds of objects.

In the data I find expressions that I find reasonable to attribute to both
the Moving Observer and the Moving Time metaphors. Just by inter-
preting the transcribed expressions there seems to be no firm ground for
attributing one or the other way of conceptualizing passage of time to any
specific prototype.

As an example of a Moving Observer expression, consider the follow-
ing expression from a participant using the SlideScroller:

I go back from the beginning where I was earlier, in the morning.
(P10)

A slightly more elaborated example is taken from the transcription of
another participant using the same prototype:

Yes, I am scrolling up and down. I was located somewhere in the
middle so I start by going up and then I go down and the reason
for doing so I do not know, because otherwise it might have been
natural to start from below because that is the beginning of the time
but it felt pretty natural to start from the top. (P1)
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Both of these quotations suggest a construal of the activity of scrolling
among the event representations as something where the user, the observer,
is actively in motion in relation to otherwise fixed events.

However, just by analyzing and interpreting the textual transcriptions
of the evaluations sessions it is not the case that the SlideScroller prototype
seems more apt at promoting a MOVING OBSERVER conceptualization
of the user interface experience on part of the participants in comparison
with the StylusScroller. For instance, the following expression is from a
participant using the StylusScroller:

Then I start out from that one and then I go furthest down and
then I am going to drag myself upwards to see if someone is, some
field that I take to be bigger than it. (P10)

This quotation shows just as vividly how the participant in question
expresses his search for an event in MOVING OBSERVER terms, although
the prototype in question was designed as to suggest a MOVING TIME

conceptualization.
Concerning moving time, it was my initial interpretation that the Sty-

lusScroller seemed to evoke more expressions associated to this particular
conceptualization in comparison with the SlideScroller. As an example of
such an expression, consider the following:

I try to click on it, but nothing is happening but I can move this
schedule and then I see that it lasted longer than to seven. (P12)

This quotation suggests that the participant is conceiving of his activ-
ity as something that resembles moving the time, rather than moving in
relation to time.

It should be noted that expressions that can be associated with either
the moving time metaphor or the moving observer metaphor were gen-
erally few and quite hard to find in the transcribed material. From the
qualitative assessment and the coding I have made, I cannot say that there
seems to be any association between the prototype designs and the two
abstract metaphors they were supposed to reflect.

However, an interesting aspect not captured in the coding scheme can
be related to the way some participants responded to a question they were
asked after using the prototypes. As seen in figure 9.9, a sheet of A3 paper
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fastened to the desktop. The reason for doing that was twofold. First, it
proved to be a better surface for the SlideScroller’s optical sensor. Second,
and more interestingly, it was meant to serve as a point of reference for the
interaction with the prototypes.

When asked what appeared to be a somewhat surprising question con-
cerning the extension in centimeters of the temporal landscape, several par-
ticipants answered by referring gesturally to the paper as if it were a yard-
stick. This happened, as far as I can tell, only when the question was asked
in relation to the SlideScroller that was intended to reflect the Moving Ob-
server metaphor. This seems to resonate well with the aim of rendering the
notion of a Moving Observer as a kind of interaction involving an active
movement of the whole device (or as an object-in-the-world), rather than
just moving the objects inside the device (or as a world-of-objects).

What I take to be an inclination to refer to the environment outside of
the PDA is not solely based on gestures that the participants made. Also,
there were some articulated expressions:

Well, I see that this, you scroll upwards, along the wall here or the
table here to get as far up as possible. (P14)

I find this particular expression interesting because it suggests that the par-
ticipant’s experience of interacting with the PDA, in the case the SlideScroller,
is not confined to the device us such. Rather, the interaction experience
seems explicitly influenced by the physical context where it was used.

Substance

The substance aspect of the design was meant to serve as a means for reifi-
cation of portions of time into readily discernible objects. The visual exten-
sion of these objects along the Back-Front axis of the landscape delineates
events in time.

Of all schematic structures involved in the design of the prototypes,
substance stands out as the one that seems to be most pervasive in the
participants’ expressed experience.

As example of what I interpret as a substance expression is the follow-
ing from a context of a participant trying to find the event with shortest
duration using the StylusScroller:
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Oops, it was almost as long. It is 5 minutes and this one down here,
it was just as long. Is there anyone that is shorter? (P8)

A similar expression from a participant using the SlideScroller is this ex-
cerpt:

Okay, I stick to the same strategy as before, looking approximately
how big these boxes are down here and they are approximately the
same size, most of them. (P4)

It seems as if this substance character was important for the ways the partic-
ipants expressed themselves of duration of and between events. To further
explore this, it could be of interest to design a variation of the prototypes
where the events are not as reified as in the current design. One could,
for instance, imagine a design where only the start of an event is visualized
laid out in the landscape together with a textual description concerning
start and end times. Would such a design render the same kind of sub-
stance expressions?

Associated to the substance aspect of the design is the Resource aspect?
It was my initial inkling that it could turn out that the temporal substances
would be conceived of in terms of resources (“I am running out of time”,
etc). However, from my interpretation of the evaluation sessions and the
transcribed material this suspicion is unsubstantiated as I have not been
able to trace any expressions that seem to indicate a Resource conceptual-
ization of the events presented in the interface.

9.9 Quantitative assessment

In addition to the qualitative assessment presented above, a quantitative
representation of that assessment is presented here. The reason for doing
that is first and foremost to get an additional view of the interpretative
assessment that further can convey aspects of the data that otherwise run
the risk of getting lost in the thick of the material.

An initial glance at the distribution of coded expressions over the par-
ticipants suggests (as shown in tables 9.6 and 9.7) some interesting char-
acteristics. To begin with, the total frequency of coded expression—for
both prototypes—are quite low, at least in comparison to the evaluation
presented in the previous chapter. Partly, this can be explained by the
fact that the size of the transcribed material for this evaluation constitutes
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approximately two thirds of the size for the evaluation that involved the
SchemaSpace and hypertext prototypes. Also, this evaluation has fewer
categories, which also could influence the total number of coded expres-
sions. However, what appears to be a low number of coded expressions
could also signify something more important that may reflect the difficulty
of finding expressions that reasonably can be interpreted as falling under
the categories of the coding scheme. In doing the categorization I experi-
enced that the expressions were less salient with respect to the categories,
in comparison with the previous evaluation.

StylusScroller

If we look at the result of the coding for the StylusScroller prototype (ta-
ble 9.6) there are some interesting details. First, although the prototype
was designed to suggest a Moving Time conceptualization, the number
of coded expression for the Moving Observer category is more than three
times as great. This lines up well with my interpretation of the evaluation
session and the transcriptions that the StylusScroller did not seem to evoke
a Moving Time conceptualization of the user interface.

Second, the number of Front-Back categorizations is low, whereas the
number of Up-Down categorization is quite prominent (almost five times
as high). Again, this result points in the direction that the theory based
outset for the design did not shine through in the actual experience of
using the StylusScroller. The participants clearly expressed themselves in
terms of Up-Down concerning temporal orientation.

Also worthy of notice is that not a single expression was coded as be-
longing to the Resource category, whereas the Substance category repre-
sents the most frequently coded category. The design was not intentionally
designed to specifically promote a Resource conceptualization, but still it
is interesting why the participants did not frame their experience in such
terms considering the pervasiveness of Resource conceptualizations in ev-
eryday discourse about time (Lakoff and Johnson, 1999).

SlideScroller

Concerning the coding for the SlideScroller, the results appear quite similar
to those for the StylusScroller. Of special interest are the Moving Observer
and Moving Time categories. The SlideScroller was designed to resonate
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Table 9.8: Frequencies for the SlideScroller and StylusScroller prototypes with
χ2 and p-values

StylusScroller SlideScroller χ2 p
Front-back 11 8 0.474 0.491
Moving Observer 26 23 0.184 0.668
Moving time 8 3 2.273 0.132
Substance 66 66 0.000 1.000
Up-Down 50 54 0.154 0.695

with the Moving Observer conceptualization and the number of coded
expressions for this category is almost eight times as large as for the Moving
Time category.

At first, this could be interpreted as a situation where the theoretical
outset for the design is also reflected in the analysis of the user interface
experiences on part of the participants. However, considering that approx-
imately the same frequency for the same categories was also the case for
the StylusScroller prototype, it seems most likely that the Moving Ob-
server frequency for the SlideScroller can not be attributed to the design
aspects of the prototype that were supposed to cater for a Moving Observer
conceptualization.

Quantitative comparison of the prototypes

In the same manner as in chapter eight, a number of χ2 tests were con-
ducted to compare the two prototypes with respect to the frequency of ex-
pressions associated with the categories in the coding scheme. These tests
were conducted as to test the hypothesis that the frequency of coded ex-
pressions in each category is the same. At the outset I decided to reject this
hypothesis for p-values at the 0.05 level of significance. A rejection of the
hypothesis would suggest that the design of the prototypes has influenced
the participant’s way of expressing themselves in and of their interaction
with respect to the category that the test concerns.

As evident in table 9.8 none of the χ2 tests yielded a significant result,
or even in the vicinity thereof. Therefore, the null hypothesis cannot be
rejected for any of the categories.

The prototype designs are intended to be similar in all respects with
the exception of the way temporal orientation is catered to. Therefore, it
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may not be so surprising that the are no significant differences concerning
the of coded expression for the different categories.

In the case of the Moving Observer and Moving Time categories a
significant difference would have been expected if (1) the design actually
were a successful rendition of the two different conceptualizations and if
(2) the prototype design managed to evoke these different conceptualiza-
tions on part of the participants experiencing the prototypes and if (3) the
participants’ experience surfaced through their ways of expressing them-
selves while using the prototypes. Add to that, the requirement that I—in
my role as an evaluator—have managed to adequately code the expressions
into the different categories of the coding scheme.

In the case of temporal orientation one or more of these requirements
are not fulfilled. Concerning the other categories, it is an open issue
whether these requirements are met because of the similarities of the pro-
totype designs. It would have been easier to make such a quantitative
assessment of the designs stemming from the embodied realist outset were
compared to, say, a design that differed substantially or originated from a
different rationale.

9.10 Discussion

The prototype designs presented in this chapter are quite different from
SchemaSpace. Whereas SchemaSpace depends on virtual reality technol-
ogy, the designs presented here are essentially 2D visualizations on a PDA
platform. Also, at least one of the prototypes can be characterized as an
example of a tangible interaction prototype. This serves the purpose of
emphasizing that massification design is not necessarily geared towards a
specific kind of information technology. The defining character of mas-
sification design is rather that it represents an ideal that seeks to express
abstract meaning through whatever peculiarities a specific kind of infor-
mation technology is associated with.

There is also a difference compared to the evaluation involving SchemaS-
pace. In that evaluation, SchemaSpace was compared to a design not in-
formed by embodied realism. The evaluation as presented in this chapter is
a comparison of alternative ways for a design to be theoretically informed.
As such, the evaluation cannot sensibly be said to shed light on the ques-
tion concerning if the embodied realist foundation made a difference for
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the participants experience of using the prototypes, because there is no
uninformed design to compare with.

The difference in theory information is a difference concerning expres-
sion of passage of time. One prototype was designed to be a rendition of
the moving observer metaphor whereas the other prototype was meant to
express the moving time metaphor. This difference is also a difference in
way of conceiving of mobile devices, such as PDAs. Whereas the moving
observer metaphor seems to resonate well with the notion of PDAs as ob-
jects in the world, the design based on the moving time metaphor seems
to resonate with the notion of a PDA as a world of objects.

However, by means of using my way of analyzing the data, I am not
able to say that this particular aspect of theory information also made a
difference for the actual experience of using the prototypes.

As mentioned in the chapter, it was evident that some of the partic-
ipants made use of gestures to express themselves about their interaction
with the prototypes. However, the categorization that I did is based only
on what they articulated verbally. The evaluation could plausibly have ben-
efited from an approach that also takes non-verbal data into consideration.

The most important and interesting result of the evaluation concerns
the confusion concerning expression of temporal orientation. Not only
did the participants experience the expression as reverse in relation to what
they expected. They also seemed to conceptualize the presentation in terms
of up-down, rather than the intended back-front orientation.

Given that my renditions are sensible interpretations of the informing
theory, this seems to indicate a situation where design based on the theory
collides—rather than concurs—with conventional and expected ways of
expressing time and events.

This is a considerable problem concerning the feasibility of using em-
bodied realism as a theory for informing massification design. The ideal of
massification design—as outlined by me—should strive for design where
an artifact’s intended meaning is expressed through the artifact. The de-
signs presented in this thesis do not seem to live up to that ideal.
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CONCLUSIONS

10.1 Introduction

The work as presented in this thesis may be understood—on a general
level—as emanating from an interest in digital transformation of materi-
ality and conditions for meaningful human-computer interaction experi-
ence. Above all, a central Leitmotif is the quest for a theoretical foundation
that can inform design of information visualization artifacts. Throughout
this thesis, quite some ground has been covered, including theories, proto-
type design, implementation and empirical evaluations.

At this point, it is time to look back at where this thesis started to
review the addressed problems. There are two kinds of problems that I
address, a background problem and what I refer to as a main problem.

The background problem is:

• What are the conditions and possibilities of designing information visu-
alization artifacts that retain or otherwise express the kind of information
associated with the material characteristics of information objects?

And the main problem:

• In what way can embodied realism serve as a theoretical foundation for
design of information visualization artifacts?

This chapter will revolve around these questions to bring a closure
to the thesis. First, the chapter starts out with the main problem and a
discussion concentrating on the possibilities of using embodied realism as
a theory informing design of information visualization artifacts. Second, a
reflection and summary concerning the background problem is presented.
This discussion highlights ideal oriented aspects of massification design
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together with reflections on the virtues and vices of embodied realism as a
means to accomplish massification design. Third, the work presented in
this thesis is characterized in relation to embodied interaction. Also, some
reflections that have emerged from the research process are presented, with
an emphasis on embodiment of theories and on working with theories
and prototypes as a central element of the research process. Finally, some
suggestions for further research are presented.

10.2 The main problem

The main problem concerns the way in which embodied realism can serve
as a theory informing design of information visualization artifacts. My
way of addressing this problem can be described as an attempt to take the
theory of embodied realism out of its original context of cognitive linguis-
tics to the context of information technology design, and more specifically,
information visualization design. Put differently, I have been investigating
how something that purports to be descriptive can be used for an activity—
design—that is prescriptive through and through.

Embodied realism offers a description of how abstract concepts be-
come meaningful to people. The design I am investigating ultimately seeks
to prescribe how user interfaces should be organized in order to provide the
means for meaningful experiences of abstract information.

In doing this transition from the is to the ought, I have made every
effort to quite practically try out the theory. By the notion of trying out, I
do not mean testing the theory for correctness or truth in the traditional,
scientific sense. The best analogy I can think of is that my way of trying
out the theory is kindred in spirit to the way a carpenter may try out a
new tool for his work. Like the carpenter, I try out by means of practically
using, not a tool, but a theory. Like tools, the aptitude or otherwise of a
theory is not wholly determined by the theory as such, but also on the skill
of using it. This is not least important in the case of theory driven design.

During the process of trying out embodied realism for information
visualization design, I have gradually become more skilled at using the
theory and at the same time, better at seeing some of its virtues and vices.
In the following I will elaborate on these virtues and vices.
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Can embodied realism inform design?

In answering the question in what way embodied realism can serve as a
theoretical foundation for design of information visualization artifacts, I
find it necessary to break down the question in two. The first concerns the
role of embodied realism in informing the designer. The second concerns if
designs informed by embodied realism make a difference in influencing the
users experience. These are two distinct issues and the division can be un-
derstood as breaking down the larger issue to a process aspect and a product
aspect.

The question concerning if embodied realism can inform design un-
derstood as a process is a distinct issue from the issue concerning if the
embodied realist point of departure makes a difference in the actual user
experience. It is distinct in the same way as a systems development method
can inform design without necessarily being traceable in the actual use of
the system.

As the designer of SchemaSpace and the prototypes involved in the
time visualization (chapters eight and nine) it is clear to me that the theo-
retical outset did make a difference in the design. So, the initial answer is
yes, embodied realism can inform design with respect to the design process.
However, the issue is a slight bit more complicated.

When I say that embodied realism can inform the design of infor-
mation visualization artifacts, I say that based on a reflection on my own
research process. It is through trying out embodied realism as an inform-
ing theory that I make that assessment, not through distanced observation
of others trying out the same theory. The introspective character of this
assessment is associated with both pros and cons. An advantage is that I
know—in my heart—that the theoretical outset served an informing and
guiding role. However, what I know in my heart is generally not accessible
to others than myself, and may therefore pose a disadvantage concerning
the certainty of the assessment. What I can do, and think I have done, is
to reveal as much of the process as possible in my text, to make it possible
for the reader to make an opinion on her own.

Judging from my experience as described in this thesis, a main benefit
of using image schemas in the design is that it strikes a balance between
imposing constraints and offering freedom for interface realization of the
schema.
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An image schema imposes structure by means of constraining and sug-
gesting tangible expressions with respect to an abstract information quality.
If we consider the containment schema that was a central part of SchemaS-
pace, the structural elements of that schema (inside, outside and boundary)
limits what can be considered as sensible expressions of containment. In
SchemaSpace, the containment schema was realized as cones, containing
the web pages. In the sketch presented in chapter six, the same container
schema was realized as a two-dimensional circle. Yet other examples of con-
tainment realizations include hollow spheres, squares or any other bounded
region or volume with an inside, an outside and a boundary.

In this way, a schema serves a constraining purpose, according to the
way I use the notion of image schema for design purposes. But it is a
kind of constraint that is forgiving in the sense that it leaves a lot in terms
of leeway for possible realizations. According to the way I suggest that
embodied realism can inform design, there is no such thing as an inferred
or deducible realization of a schema. On the contrary, a schema calls for
rendition on part of the designer. By means of analogy, a schema relates to
a realization as a musical score to a performance. The schema—as do the
score—imposes restrictions, but opens up for freedom within the confines
of those restrictions.

As an example from my research process, consider the way the mov-
ing observer metaphor was realized in the time visualization prototypes.
As described in chapter nine, different implementation technology was
considered, including a large table display and personal digital assistants,
which eventually became what was settled on. In fact, other alternatives
were discussed and considered in the process, whereof one deserves some
elaboration here as it touches on an issue of a more general character.

As hinted at in figure 10.1, a design rendition that was considered early
in the collaboration between Mikael Wiberg and me would utilize virtual
reality technology, a cave-like environment, to render the moving observer
metaphor. We envisioned a scenario where the user would have a large
display surface in front of her and a likewise large display behind her. The
front display would show event information (as in figure 10.1) that is tem-
porally located in the future relative to the present (represented as the users
current location). Similarly, a rear display would show representations of
relatively past events. Movement in time would be realized by means of
the users movement in space. We imagined that the physical realization of
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Figure 10.1: A 3D sketch

the movement could be addressed by means of a treadmill equipped with
appropriate sensors. In retrospect, I still find this an interesting way of
enunciating the moving observer metaphor.

However, the point I want to make is that the same experiential struc-
ture, in this case the moving observer metaphor, can be rendered in a num-
ber of different ways. In this example, different renditions were motivated
because of the character of the interaction technology, but can be moti-
vated by other reasons. For instance, in SchemaSpace containment was
rendered as cones, rather than, say, cylinders because cones do not occlude
other objects as much as a cylinder would.

Can informed designs influence use?

In the previous section I pointed at a similarity between embodied realism
as a guiding theory and systems development methods in that both may in-
form design processes without necessarily leaving a noticeable and unique
signature in resulting products. However, this is as far as the comparison
goes before it breaks down. One of the key issues of using embodied real-
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ism, as an informing theory is that it should leave a noticeable and unique
signature in the designed artifacts.

This issue goes back to chapter seven where I maintained a view that it
is a problematic stance to understand artifacts as embodiments or incarna-
tions of a particular theory. Rather than seeing theoretical embodiment as
an objective quality of artifacts, I suggested that artifacts could be seen as
expressing theory. This somewhat more relaxed stance implies that theory
is a subjective quality of an artifact and even an intersubjective quality in
case of a spread agreement. This is different from the notion of theory
embodiment that implies theory as an objective quality.

As the designer of the prototypes and sketches presented in this thesis
I have been informed by the theory I am investigating, in the sense that it
has constrained and suggested how different experiential structures can be
realized as user interface expressions. As the designer and investigator, I also
maintain that these tangible things are expressions of the abstract theory.
It is a highly subjective judgment, but given my approach of investigating
by trying out this is one of the ways in which I can point in the direction
that the designed artifacts do express the theoretical outset. In presenting
the design of the prototypes and the reasoning behind, I open up for the
possibility for others to interpret on their own.

Another way in which I can point to the extent that the prototypes
of the thesis express the theory is through the empirical evaluations I have
done. I find the results interesting and quite ambiguous and open up for
further questioning.

The two evaluations that was conducted, as presented in chapter eight
and nine, both depend on a general assumption: if the theoretical outset
of the design makes a difference for peoples’ experience of using it, this
difference is revealed in the people’s way of expressing themselves of their
interaction with the designed prototypes.

In accordance with that assumption, the analysis of the material gath-
ered from the evaluations is largely based on an interpretation of how the
participants expressed themselves in and of their interaction. Thus, the in-
tent is to capture a cue to the participants’ interaction experience through
their expressions. In addition to the language-oriented analysis, I also tried
to stay sensitive to other aspects of the participant’s behavior that could be
relevant with respect to the informing theory.

If we look at the evaluation of the two prototypes that were used to
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present collections of web pages, it seems like the theoretical outset for
the design of SchemaSpace did make a difference in such a way that it
influenced the participants’ experience of the prototype.

The contribution of the theory—in as much as I have measured it—is
not straightforward in the sense that the participants’ experience of SchemaS-
pace was associated with image schematic structures, whereas the hypertext
prototype was not. On the contrary, both prototypes were associated with
expressions that can be categorized as expressions of image schemas. How-
ever, there were some interesting differences, especially concerning the use
of link and path expressions that were prevalent for SchemaSpace, but not
for the hypertext prototype. With respect to these schemas and the inter-
face renditions of the schemas, it seems as if the embodied realist outset
did inform the design in such a way that it also made a difference for the
experience of using SchemaSpace.

As my observations from the empirical evaluation suggests, what was
designed to be an embodied expression of time was not only structurally,
but also experientially at odds with what the participants were used to.
This difference is largely related to the way time orientation is presented in
the two prototypes in comparison with the way time orientation is reified
in conventional calendars, timetables and other descriptions of events in
and over time.

Clearly, the participants were confused with the way time orientation
was presented in the two prototypes. It was opposite to what they had
expected and were accustomed to. There can be different reasons for this.
First, my rendition of temporal perspective may have failed in such a way
that the design is not an expression that captures and communicates the
essential aspects of temporal orientation. That would be a situation when
embodied realism has misinformed a design.

Second, it may much likely be the case that the renditions do in fact
capture the essential aspects of temporal orientation as described by the
informing theory, but that the conventions that govern typical ways of
representing time and events are deeply, culturally entrenched in the ways
people conceptualize time and expect time to be expressed. This may pose
a problem for embodied realism as a ground for informing the design of
information visualization artifacts: of what value is embodied understanding
if it is overridden by conventional, cultural understanding?

This question is crucial for the whole endeavor of using embodied
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realism for informing massification design and it will be further discussed
in relation to the background problem in the section that follows.

10.3 The background problem

The background problem of the thesis concerns conditions and possibil-
ities of designing information visualization artifacts that express abstract
meaning through experiential qualities. This section is devoted to this
problem. It is part summary, part reflections on massification design as an
approach and as an embodiment of a design ideal. It is also discussed to
what extent embodied realism is an appropriate candidate for informing
massification design.

Demassification of the tangible

The background problem of the thesis originates in the relation between
material and experiential qualities. Trite as it may seem, a book gains its
weight through a designer’s choice of paper, just as the sound in a church
reverberates depending on an architect’s choice of wall material. The ma-
terial world, natural and artificial, presents us with an abundance of expe-
riential qualities that spring from the material characteristics of the world.

This kind of relation between material characteristics and experiential
qualities is an authentic relation. Perhaps it could also be described as a
natural relation, but that would suggest a relation dichotomous to arti-
ficial. A natural relation could also suggest a relation dichotomous to a
cultural relation, which also risks leading astray from the kind of relation
I have in mind. Rather, the kind of relation that I am referring to should
be understood as opposite to a forged relation between a material and its
experiential qualities. It is an authentic relation because these kinds of ex-
periential qualities are inherent in the material. This is not to say that they
are experientially accessible to each and everyone. In addition to functional
senses, it may take an acquired sensitivity to experience what is inherent in
the material.

However, as I have argued in this thesis, these kinds of qualities are
more than just percepts, more than just something perceivable through
the senses. The texture of a paper, the acoustics of the church, may also
have a more abstract meaning. This meaning can be referred to as charac-
ter, inscription, massification, or by other names depending on theoretical
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perspective. The point is that the materiality of artifacts comes with conse-
quences in terms of capacity for expressing meaning. It should be pointed
out that while I take experiential qualities to be inherent qualities of ma-
teriality, I do not suggest that abstract meaning is an inherent quality of
experiential qualities. What I do suggest is that the experiential qualities
of material objects provide a fairly stable ground for the establishment of
socially shared meaning.

If we turn the attention to the experiential realm of information tech-
nology, some issues arise. On the one hand, information technology shares
some central characteristics of physical materials in that both are subject to
design and experience. On the other hand, information technology is a
very different kind of material in that few experiential qualities are given,
in the manner that a physical material has intrinsic material qualities. The
extent to which information technology has experiential qualities is an ef-
fect of design. A consequence is that information technology artifacts can
obtain many different experiential qualities. As such, information tech-
nology can be characterized as a kind of shape shifting technology. This
capacity for shape shifting also means that information technology does
not have any authentic experiential qualities.

The two situations I am outlining are exaggerated for sake of clarity
and subject to a host of counter examples. Just as the material world is
abundant with objects designed to appear as being of made of a material
other than it really is, information technology has experiential qualities that
stems from material qualities. Such examples include the sound emanat-
ing from a hard disk, implicitly informing the user of the system’s status.
Another example is the clicking sound from the monitor as it goes down
in power saving mode, implicitly informing the user of her lack of activity.

What I am concerned with, however, are experiential qualities of in-
formation technology that are realized by means of utilizing IT for its
ephemeral, shape shifting character, its capacity for taking on many dif-
ferent forms.

Massification of the intangible

With that background, I am suggesting in this thesis that one way of un-
derstanding information visualization design is to think of it in terms of
massification. At the term level, massification design could mistakenly be



242

Artifact

MobileImmobile

Demassification

M
assification

M
ea

ni
ng

Im
m

ob
ile

M
ob

ile

Figure 10.2: A model of possible mobilities of artifacts and meaning

understood as a design that primarily aims at draping abstract information
in a seemingly tangible and material surface. This is partly true, but just
as demassification is a matter of both physical and social demassification,
massification design also has this dual characteristic.

It is a physical massification in the sense that it involves expressing ab-
stract information in a concrete form. As such, massification is partly a
matter of reification of information. This idea is not novel by any means.
On the contrary, this is what most information visualization is all about.
What makes the notion of massification design interesting is the premise
that physical massification can also be a social massification. It is a social
massification in that it aims towards an intersubjective understanding of
information visualization expressions and artifacts.

Meaning and mobility

In chapter 3, I introduced a model (see figure 10.3) that further articulates
the notion of massification design. The model is descriptive in the sense
that it describes possible configurations of meaning and artifacts with re-
spect to mobility.

Even though the model is descriptive, I use it to make a normative
statement. In placing massification design in the lower right cell, I sug-
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gest that information visualization design ought to strive towards artifacts
that bear witness of their own meaning. This is not an obvious sugges-
tion. Another approach to design could for instance be located in the
upper right cell suggesting that information visualization artifacts should
not be weighed down with meaning. Rather, they should be designed to
accommodate for tailorability and bricolage.

What I have described here is a characterization and articulation of the
background problem of this thesis. It suggests a way of thinking about
information visualization design as a kind of design that ultimately aims
at establishing conditions for people to have meaningful experiences of
abstract information.

The characterization is open in the sense that it does not say anything
about how to design massifications of intangible information. The back-
ground problem as such does not imply any specific theory that potentially
can inform massification design. Rather, it is a characterization that sug-
gests what information visualization could be, but not how to achieve it.
In this thesis, I have investigated embodied realism as one candidate theory
for informing massification design.

Massification design and embodied realism

As a candidate for informing massification design, embodied realism is in-
teresting for several reasons. First, it offers an account of intersubjectivity,
of how it comes that different people make sense of a phenomena in similar
ways. This is a crucial aspect of any theory informing massification design
considering that massification aims at providing conditions for shared un-
derstanding based on the features of information visualization artifacts.

Second, in terms of making the leap from descriptive theory to norma-
tive design, embodied realism lends itself to concrete design implications.
The structure of image schemas suggests a structure that can also be ren-
dered as concrete, user interface representations of abstract information.

One important aspect of considering embodied realism as an inform-
ing theory for massification design is that it implies a different kind of
relation between experiential qualities and abstract meaning. As I have
argued, based on several theoretical strands, physical objects acquire their
experiential qualities through their material characteristics and that these
qualities play a role in the way these objects can express meaning other
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than mere perceptual qualities.
Massification design—as informed by embodied realism—stresses the

relation between embodied experience and abstract meaning. As such,
massification design seeks to pave the way for a design where users’ inter-
face experience is authentic. This authenticity is not primarily grounded
in the materiality of information technology. Rather, an authentic user in-
terface experience on this account is authentic by virtue of emanating from
an interface design that reflects and evokes embodied experience.

So far, these notes concern the premises and promises of embodied
realism as a theory informing massification design. Another concern is to
what extent embodied realism actually can be used to practically inform
massification design? This question is directly related to the main problem
of this thesis.

As maintained in section 10.2, embodied realism can serve as a means
to structure the design process by means of constraining and suggesting
possible renditions of image schemas. This is in and of itself an interesting
characteristic.

However, the extent to which a massification design is a successful de-
sign depends also on the extent to which the designed artifact manages to
express the intended meaning. More specifically, a successful massification
design informed by embodied realism is a design that makes it possible for
people to structure their user interface experience by means of metaphor-
ical projection of the image schemas that the designer meant to express
through her design.

The question is if SchemaSpace and the time visualization prototypes
are successful massification designs in that respect? Can the prototypes rea-
sonably be placed in the lower right cell of figure 10.3? Even if embodied
realism may constrain and suggest form for an information visualization
artifact it is not obvious that this form is experienced by a user as a sensi-
ble expression of the abstract meaning it was meant to express in the first
place.

The results of the empirical evaluations that were conducted suggest a
somewhat ambiguous picture. On the one hand, I interpret the results of
the evaluation of SchemaSpace and the hypertext prototype as a promising
indication that embodied realism indeed may serve to not only guide the
designer, but also inform the design in such a way that abstract meaning is
conveyed through the image schematic structures of the design.
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The results of the time visualization prototypes point partly in a dif-
ferent direction. What I, as the designer of the prototypes, took to be
sensible renditions of the experiential structures for time conceptualiza-
tion suggested by the theory, was not well received by the participants. As
mentioned before, I interpret this as a situation where embodied meaning
and culturally entrenched expectations of how time is presented did not
resonate with each other.

If the results and the ambiguity are assumed to be generalizable beyond
the designs of this thesis, what would that amount to? Suggestively, it could
be interpreted as if an exclusive focus on embodied meaning in the sense
of the embodied realist account is too narrow a focus. Largely, this is the
focus that I have been investigating in this thesis.

A more inclusive focus would stay sensitive to discrepancies between
design renditions based solely on embodied meaning and already estab-
lished, conventional expressions of abstract meaning. This is not to say
that on the one hand, there is embodied meaning and on the other hand
there is conventional meaning as if they were two completely different
kinds of meanings. Rather, it is an acknowledgement of meaning in the
context of design as something that cannot be reduced to embodied mean-
ing alone. In order to realize massification design, it is necessary to pay
attention to conventional expressions and embodied realism may serve the
purpose of identifying some of them, but most likely not all.

Summing up: what is the added value of embodied realism?

A reasonable question to ask at this stage is: what is the added value of
embodied realism in the context of massification design? To some extent,
this can be understood as the bottom-line question of this thesis and in
the following I will point at some aspects of massification design where
embodied realism may or may not have an added value.

Through design sketches and more elaborate design prototypes, I as-
pire to have shown that embodied realism serves a purpose through its ca-
pacity of structuring the design process. This is one of the ways in which em-
bodied realism provides an added value. This structuring capacity works by
constraining and suggesting form for information visualization expressions
of abstract meaning.

This kind of structuring could be accomplished through different means
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in terms of other informing theories, methods or technologies that impose
constraints other than those that I take embodied realism to do. As have
been suggested by for instance Löwgren and Stolterman (1998), a design
process with infinite degrees of freedom is not an ideal process. Quite the
contrary, designers need to work within constraints. Apart from the con-
straints imposed by the theoretical outset for the prototypes presented in
this thesis, there have been other constraints involved. For instance, the
choice to use 2D graphics on a handheld computer platform for the time
visualizations defines another set of constraints than would have been the
case if the design was realized by means of high-end virtual reality technol-
ogy. Partly, these differences are in terms computational and presentational
resources, partly in terms of what kinds of expressions that can come into
consideration. However, these kinds of constraints do little in the way of
informing the designer about the key issue: what form is appropriate for
expressing a certain abstract meaning?

In contrast, a crucial characteristic of the structuring of the embod-
ied realist approach is that the structuring is not arbitrary in relation to
the abstract meaning that the designed artifact is meant to express. On
the contrary, as abstractions of concrete experience that are metaphorically
projected to make sense of abstract phenomena, image schemas seem di-
rectly related to the key issue. The structural elements of image schemas
and the rules that govern their relationships are quite imageable in the sense
that they suggest an abstract form that can be instantiated and concretized
through a designer’s rendition. As such, embodied realism contributes not
only by providing structure to the process, but also to the product.

As my empirical evaluations suggests, it seems possible to let the em-
bodied realist outset inform design in such a way that it makes a difference
for the way people experience the designed visualization artifact. However,
the evaluations also suggest that design that draws on embodied meaning
may come in conflict with expected and conventional ways of expressing
abstract information. In order to further investigate a theoretical foun-
dation for massification design there is a need to investigate theoretical
outsets that also stays sensitive to entrenched, conventional expressions of
abstract information.
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10.4 Emergent reflections on theories and artifacts

The archetypical way of framing a research process is that a researcher ad-
dresses a problem by formulating a question of some kind. By carefully
choosing and applying a method, the researcher arrives at an answer to the
posed question. The value of the outcome of such a research process is
typically and justifiably understood as the extent to which the method has
led the researcher to arrive at an answer to the addressed question.

Yet the process as such may lead to insights into issues that are not
necessarily embedded in or otherwise implied by the addressed problem
and applied method. Rather, such insights emerge throughout the process
and are potentially as important as the answer to the question proper.

In retrospectively looking back at the research process underlying this
thesis, I can see that there are some such insights that emerged during
the process. One such example is the model on mobility and meaning
presented in the previous section. When I started out this research process
I could not foresee that such a model would be part of my work, let alone
a result.

However, it is around the issue of artifacts and the possibility of em-
bodying theory that I think that this emergent kind of insight is most
explicit.

Artifacts as embodiments of theory

At first, when embarking on the project that has led to this thesis, I quite
unproblematically assumed that embodied realism—or experientialism as
I preferred at that time—could be inscribed into concrete user interfaces.

Behind that assumption was an even more general and unarticulated
assumption that artifacts can embody theory. This assumption had part
of its roots in the academic environment where I was—and still am—
educated, where the notion of neutral artifacts is not very fashionable.
Rather, the view that was promoted suggested that artifacts do carry ab-
stract qualities such as values, assumptions and ideals. This was all part of
my background.

I found and still find this view attractive. At one level, I want infor-
mation technology artifacts to be able to embody theory. It would make
the task of inscribing theory in artifacts more straightforward. However,
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this view is easier to maintain from an observers point of view, than from
a design-oriented researcher’s point of view.

In chapter seven, I present a line of reasoning that argues against the
view of artifacts as embodiments of theory, in favor of a view where arti-
facts are seen as potential expressions of theory. This distinction may appear
as a mere play with words, but it has some important consequences. It
shifts the focus of proof. Instead, the need to prove that the artifact has
some intrinsic qualities with respect to theory, the proof is shifted towards
the experience of the artifact. On this account, experience is taken to be
an indication of the extent to which an artifact expresses a certain theory.
In adopting theory expression rather than theory embodiment, the role of
evaluation is shifted from inspection oriented methods to empirical meth-
ods that seek to capture the experience user have of using the designed
artifact.

What it is to “capture the experience” is ultimately dependent on what
the theory entails in terms of empirical consequences. In the case of
embodied realism, an empirical entailment is that, given certain image
schematic structures involved in structuring a user’s experience of an infor-
mation visualization artifact, one might expect a certain vocabulary in the
user’s way of expressing herself about the interaction. If the artifact was
designed to express these image schematic structures there are good rea-
sons to suggest that the artifact also expresses these theoretical constructs.
Given another theory, other empirical entailments are to be expected and
hence other evaluation methods.

I think I have shown in this thesis, as also described in this concluding
chapter, that it is not a straightforward task to practically and empirically
assess the extent to which information visualization artifacts express theo-
retical constructs of embodied realism. These difficulties may have several
reasons, as discussed in the section about the main problem (10.2). Inter-
estingly enough, the more relaxed view of artifacts as expressions of theory
rather than embodiments of theory is a more demanding view in terms of
what it takes for the researcher to actually prove expression.

Working with theories and prototypes

An issue that is related, yet distinct from the distinction between artifacts
as expressions or embodiments of theories concerns the process of arriving
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at concrete realizations of theoretical constructs.
In the case of my work on embodied realism as a theory informing

design, I have stressed the importance of thinking in terms of renditions,
rather than in terms objectively correct user interface realizations that un-
fold from image schemas and abstract metaphors. This view is distinct
from what I held when starting out to work on these issues. At that time,
my views concerning the possibility for an information visualization ar-
tifact to embody theory and the process involved in actually inscribing
theory into the artifacts, suggested a situation more simple and straightfor-
ward than what turned out to be the case.

In chapter eight and to a lesser extent in chapter nine, I describe chal-
lenges of arriving at the form of the prototypes. My reasons for including
these descriptions are only partly grounded in the fact that the implemen-
tation details may have some general interest. Another, perhaps more im-
portant, reason is to illustrate the non-straightforwardness of the process
of settling on a design.

To work on the challenges to realize SchemaSpace and the other pro-
totypes, from the first sketches to the working prototype that I have used
in the evaluations has been a lengthy process with moments where I might
have been led astray by the shear seductiveness of working hands-on with
problem solving, algorithms, 3D modeling and the quandaries of program-
ming. Perhaps I even lost sight of where I was heading, but in the end it
is a lesson I would not have been without. First, it has been a learning
experience where I have acquired skills that go beyond—or perhaps on
the side—of what informaticians are known for having. Second, judging
from my own experience, implementation, design and theoretically ori-
ented work that supposedly inform design cannot be separated from each
other. For me, the work involved in realizing the prototypes is a fundamen-
tal ingredient in thinking about prototypes and the ideas behind it. Thus,
what might appear as a process of going from a conceptual level to a more
concrete, tangible level, is actually a process of going back and forth, up
and down between these levels.

First, this is a private process, in the sense that it affects me as a per-
son and researcher. SchemaSpace, in one form or another, could have
been realized by handing over sketches and specifications to persons more
knowledgeable than myself in areas pertaining to the challenges discussed
above. For certain, it would have been more time efficient. However, that
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would have been a very different process, with a different outcome in terms
of what I am prepared for as an informatician.

Second, perhaps this is what design and theorizing about design is all
about? Löwgren and Stolterman (1998) maintains concerning design pro-
cesses that what might appear as a straight line, from vision to specification,
is really a zigzag movement between different levels of abstractions, full of
surprises that affects the process. An elaboration and variation on the same
theme is presented by Nelson and Stolterman (2003). The authors suggest
that although design is not to be understood as problem solving, design
has problem solving as an ingredient. They suggest that designers’ prob-
lem solving can be described as a dialogue that mediates between an ideal
solution (parti) and concrete schemes that realizes or express the ideal. The
crucial point, as I understand it, is that this dialogue is dynamic in the sense
that both schemes and parti are subject to flux throughout the dialogue.

This description of problem solving maps very well onto the experience
of my own research process, with respect to the more design-oriented parts.
This is especially true concerning the work on SchemaSpace, where the
problem solving did not only concern how to express the involved image
schemas, but also what it is to express an image schema in a good way.
This second aspect makes the realization of a prototype a two-way matter.
To realize a theoretical construct, is not only to make it real, but also to
realize what the construct is.

10.5 Final words

Ted Nelson, often acknowledged as the originator of hypertext and hyper-
media, made the following statement concerning the reality of interactive
systems as early as 1980:

The reality of a movie includes how the scenery was painted and
where the actors were repositioned between shots, but who cares?
The virtuality of the movie is what seems to be in it. The reality of an
interactive system includes its data structure and what language it’s
programmed in—but again, who cares? The important concern is,
what does it seem to be? (Nelson, 1980, quoted in Rheingold, 1991,
p. 177)

Largely, the work presented in this thesis testifies to a position con-
trary to the one suggested by Nelson. First, the reality of interactive sys-
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tems in the sense used by Nelson does matter. The underlying mechanisms
of information technology—including data structures and programming
languages—are important. They are the bedrock of digital transformation.

Demassification is one aspect of digital transformation that has incited
me to approach massification design as an ideal design of experiential qual-
ities that express abstract information.

For that reason, the reality of interactive systems also includes—or
ought to include—an experiential dimension. To make use of informa-
tion technology need not to be analogous to going to the movies. The
experience of using a computer ought not to be confined to experiences in
terms of “as if ”. There ought to be a possibility for a design that does not
take users’ suspension of disbelief and access to arbitrary conventions for
granted.

Massification design, regardless of theory informing its realization, ar-
ticulates a quest towards realness—an authenticity—of experience and vi-
sualization of intangible information. It strives towards an experience of
information for what it is, not what it seems to be. As such, massification
of the intangible is ultimately an ethical concern.
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A

EVALUATION QUESTIONS

This appendix contains questions and tasks that were used during the eval-
uations presented in chapter eight and nine of this thesis. Please note that
these are rough translations of the Swedish original question- Some nu-
ances may have been lost in the translation, but this will give an idea what
the evaluation participants were asked to do.

A.1 SchemaSpace vs. Hypertext

Questions for dataset 1 (Design, arts, and craft)

1. To begin with, I would like you to familiarize yourself a bit with this en-
vironment by freely trying you around to get an idea of what there is in
the environment and how you can access it. Please, keep in mind to try
express what you do and think. If you have any questions, feel free to ask

2. There is a kind of sign or certification of web pages called Bobby that one
can put on one’s web page if it complies with certain guidelines that aims
at making web pages accessible to disabled people. I would like you to find
a page with information about this Bobby certification.

3. There are a few web pages in this collection that have to do with photo
journals. How many categories sort above this category?

4. Which one of all the categories in this environment do you think have
most web pages?

5. "Architecture" is one of the categories in this information collection. Which
is its parent category?

6. What other categories are at the same level as "Architecture"?

7. In the information collection there are some categories that each describes
different material for making sculptures. Which are these materials?
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8. What categories can be said to sort under typography?

9. Can you give an example of a web page that seems to contain free fonts/typefaces?

10. I would like you to locate a web page with lessons in embroidery.

11. What category in the collection do you think have most subordinate cate-
gories?

Questions for dataset 2 (Entertainment)

1. To begin with, I would like you to familiarize yourself a bit with this en-
vironment by freely trying you around to get an idea of what there is in
the environment and how you can access it. Please, keep in mind to try
express what you do and think. If you have any questions, feel free to ask

2. Now I would like you to give examples of web pages that seem to be about
coffee.

3. Which one of all the categories in this environment do you think have
most web pages?

4. "Comics & Animation" is one of the categories in this information collec-
tion. What is its parent category?

5. What other categories are at the same level as "Comics & Animation"?

6. There are web pages with quotations from TV-series as its theme. I would
like you to locate a few pages of that kind.

7. There is a category with links to organizations within the area of "Creative
Writing". How many categories sort above this category?

8. If you want to read gossip from the news industry, what pages can you read
in that case?

9. Sometimes it can be hard to hear the lyrics in different songs. Can you
give me examples of pages that are about misunderstood lyrics?

10. What kind of beverage has most web pages represented in the environ-
ment?

11. What category in the collection do you think have most subordinate cate-
gories?
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A.2 StylusScroller vs. SlideScroller

Questions for dataset 1

1. To begin with, I would like you to familiarize yourself a bit with this en-
vironment by freely trying you around to get an idea of what there is the
environment and how you can interaction with this collection of sched-
uled events. Please, keep in mind to try express what you do and think. If
you have any questions, feel free to ask

2. Which is the longest event, do you think?

3. Which is the shortest event, do you think?

4. What is the longest time between two consecutive events?

5. I would like you to locate the event that concerns ´´Linear algebra” that H
Åberg from mathematics is responsible for.

6. How many hours do you think it is between the beginning of that event
and the end of the very first event?

7. Assume that you should schedule a session in the time table that must
not start before 11.00 and no later than 20.00. and it is going to last 45
minutes. What alternatives do you have at your disposal?

8. What event or events overlap the course introduction in political science
led by A Wigren?

9. I would like you to describe the relation in time between the lecture in
cultural geography about time geography and the informatics seminar.

10. As you can see, there are two columns with events. Which one of the
columns represents most scheduled time?

11. The surface with schedule information that you just have been scrolling
encompasses a certain amount of time. How much time do you think it
is? How long is this surface expressed in centimeters?

Questions for dataset 2

1. To begin with, I would like you to familiarize yourself a bit with this en-
vironment by freely trying you around to get an idea of what there is the
environment and how you can interaction with this collection of sched-
uled events. Please, keep in mind to try express what you do and think. If
you have any questions, feel free to ask.

2. Which is the longest event, do you think?



3. Which is the shortest event, do you think?

4. What is the longest time between two consecutive events?

5. I would like you to locate the event that concerns Preparations that K
Lavander and others from informatics are involved in.

6. How many hours do you think it is between the end of that event and the
beginning of the very last event?

7. As you can see, there are two columns with events. Which one of the
columns represents most scheduled time?

8. Assume that you should schedule a session in the time table that must
not start after 15.00 and not earlier than 07.00 and it is going to last 90
minutes. What alternatives do you have at your disposal?

9. What event or events overlap Introduction to Lisp in computer science led
by K Jönson?

10. I would like you to describe the relation in time between the exam debrief-
ing in Sociology and the psychology lecture about animal cognition.

11. The surface with schedule information that you just have been scrolling
encompasses a certain amount of time. How much time do you think it
is? How long is this surface expressed in centimeters?
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