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A B S T R A C T

The spatial layout of a building can have a profound impact on our
architectural experience. This notion is particularly important in the
field of museum curation, where the spatial arrangement of walls
and artworks serves as a means to (a) strengthen our focus on indi-
vidual exhibits and (b) provide non-obvious linkages between oth-
erwise separate works of art. From the cognitive viewpoint, two
processes which can describe the relevant aspects of the visitor ex-
perience are visual attention and memory.

This thesis presents the results of 3 studies involving mobile eye-
tracking and memory tests in a real-life task of unrestricted art gal-
lery exploration. The collected data describing attention and memory
of the gallery visitors is analysed with respect to the spatial arrange-
ment of artworks. Methods developed within the architectural theory
of Space Syntax serve to formalise, quantify and compare distinct as-
pects of their spatial layouts.

Results show that the location of individual works of art has a ma-
jor impact on the dynamics and quantity of visual attention deployed
to the artworks, as well as the memory of their content and of their
spatial location. This spatial influence, in many instances, is proven
to be more impactful than that of the content of the artworks. Some
gallery arrangements amplify the impact of the studied spatial factors
to a higher degree than others.

The results are discussed with respect to the distinct role played by
the built environment (and, indirectly, by its designer) in our every-
day cognitive experience. The thesis contributes to the field of mu-
seum curation by demonstrating how the aesthetic experience of mu-
seum visitors is affected by the decisions made by the curator. It
also contributes to the fields of architecture and spatial cognition by
demonstrating and quantifying the linkage between the formally de-
scribed spatial layout and its impact on human cognitive processes.
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Part I

I N T R O D U C T I O N





1

I N T R O D U C T I O N

We spend about 90% of our lives in various indoor environments
(Fisk & Rosenfeld, 1997). But even before this was the case and long
before creating buildings was an industry as well organised as it is
today, humans struggled to make buildings suitable for the function
they were serving (Rudofsky, 1987). We never create just ‘build-
ings’, but almost always ‘schools’, ‘offices’, ‘apartments’, ‘churches’,
or ‘market halls’. The function of a building is inextricably linked
with it from the very first stages of the planning process. This is not
equal to saying that we do not allow the thought of using the same
building for different functions. But when such a thing happens, we
talk of ‘re-usage’, ‘re-adaptation’, and ‘renovation’. The function a
building serves is the most defining element of its lifecycle, right after
its creation and demolition.

Each of the many functions we give to buildings is an art and sci-
ence of its own. Entire companies, research fields and industry stand-
ards were developed around—often narrow—functional niches that
we give to our spaces. It would not be an overstatement to say that
after ensuring it is safe and economically viable, warranting that the
new building will be able to serve its function well should be the next
priority of its developer1.

There are some minimal requirements we assume to be ‘sufficient’
for any building. They must protect us from the external elements,
ideally provide a hygienic, comfortable environment, and organise
space. And it is this last factor that tends to be specific for individual
building types, historical periods, and cultural spheres. After all, ‘it is
this ordering of space that is the purpose of building, not the physical
object itself. The physical object is the means to the end. (. . . ) Build-
ings are not just objects, but transformations of space through objects.’
(Hillier & Hanson, 1984, p. 1). While the progress of civilisation al-
lowed us to take the first two aspects for granted, the organisation
of space is a factor where the actual challenge of designing success-
ful buildings lies. In the developed and developing countries, it is
rarely an issue for a newly created building to be unsafe, unclean,
unstable, or faulty in any ‘physical’ way. And yet, it is not uncom-
mon to experience dysfunctional buildings (Conroy Dalton, Kuliga

1 Which not always is true in the economic arrangement where the priorities of build-
ing’s developers rarely match the priorities of their future users.
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& Hölscher, 2013). This dysfunctionality can arise from many differ-
ent factors and largely depends on the function we expect the space to
perform. A hospital for instance is generally expected to provide rest
(to patients) and efficient working environment (to the staff), while a
library serves as a large book storage and a place for various intellec-
tual activities. Each building type can be therefore dysfunctional in
its own way.

This thesis will focus on the cognitive aspect - on how buildings
make us attend to, think about, and experience things in space. In
this respect, an architectural space which is created to facilitate our at-
tention and thinking in a particular manner, but fails to do so, would
be considered dysfunctional. And to notice that buildings do that at
all is not new. If architects were not aware of this fact, they would not
create experiences which are so memorable. We would not marvel
at the play of lights in Istanbul’s Hagia Sophia, the enormous naves
of Rome’s basilicas, or the aesthetically pleasing order of Parthenon
in Athens. Architects design the experience as much as they design
the brick walls. By designing the walls they influence how we move
through, observe, and think in that space. They influence our experi-
ence.

Over generations, architects learnt how to do it well, if not better
than the Ancients. Buildings of Alvar Aalto or Frank Lloyd Wright
are today no less popular attractions for tourists willing to experience
their interior than the world’s oldest surviving human-made struc-
tures. And yet, one of the main reasons for why they are so popular
is because they are unique. Singled out, visionary creations of genius
minds. Of few special individuals, out of hundreds or thousands who
left the same architectural school, had the same knowledge, tools and
methods to tackle the design challenges of their times. Good design
which merges form and function in a single object giving equal justice
to both is not common. And the large majority of all other buildings
that we visit everyday can be considered average - we do not tend to
complain about them that often, but we do not marvel at each single
visit to a new structure, either. And once complains occur, they rarely
mention purely ‘engineering’ flaws . It is not uncommon, however, to
hear an opinion that a building is ‘sad’ and ‘depressing’, ‘confusing’
and ‘weird’, or simply ‘dull’ and ‘boring’.

With the relatively recent2 development of experimental psycho-
logy (Wundt, 1874) we are learning to better understand how hu-
mans perceive, conceptualise and mentally react to their external en-
vironment. Since 1967 (Neisser, 1967) we are using the term ‘cogni-
tion’ to explain how various mental processes important to our every-
day lives relate to each other. We are slowly building a more complete
understanding of the human mind and the rules which guide its in-
teraction with the world. And just as knowing how the preferred

2 Compared to the history of architecture.
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way of walking allows us to design corridors wide enough for the
human body, understanding how we perceive or think, allows us to
design spaces in which we perceive and think in a more relevant
manner. What has been termed ‘cognitive engineering’ in the studies
of Human-Machine Interaction3, has been present in architecture for
centuries, but rarely formalised or studied in a rigorous manner.

Most recent advancements in research technology have expanded
our possibilities of studying this aspect of the spatial experience that
we probably care about the most - the visual aspect. Mobile eye-
tracking devices make it possible to precisely measure how people
explore their visual environment and what they attend to. Under-
standing the nature of this process can enable new generations of
architects to incorporate this knowledge into their design thinking.
And as a result - improve the quality and suitability of our everyday
visual experience inside buildings.

For this change to be possible, at least one common assumption
must be shared by researchers and practitioners: that human archi-
tectural experience is an interaction. It is an interaction between the
will of an unpredictable visitor who is free to explore and think about
space in any way desired and the space itself, which can guide, at-
tract, or deter - and thus have an influence on human behaviour and
cognition through the way it is organised.

Understanding this interaction requires at least two sets of methods.
One is needed to understand and measure the cognitive experience
a user might have while walking through a 3-dimensional environ-
ment, which not always can be directly inferred from the results of
laboratory-based studies of single isolated cognitive processes. Addi-
tionally, a second set of methods is required to measure the organisa-
tion of space. Space is not a physical entity - it cannot be touched,
smelled, or even seen. It is the layout of walls inside buildings which
gives us some preliminary information on how space is structured in-
side, but the concept of space cannot be studied directly 4. This thesis
will build on the methods known from experimental psychology to
formalise and measure the concept of experience and on Space Syntax
theory in respect to the architectural aspect. This is not a new con-
nection and we will later review previous attempts made in between
these two fields by other researchers.

It must be emphasised at this point that this way of thinking about
architectural design process does not contradict it as a creative en-
deavour. As Davies (1957) described it, “[k]nowledge is the raw
material for design. (. . . ) It is not a substitute of architectural ima-
gination: but it is necessary for the effective exercise of imagination
and skill in design. Inadequate knowledge handicaps and trammels

3 The most generic definition of which can be designing with the consideration of how
users think; (see e.g. Norman, 1986).

4 Similarly to the concept of cognition.

29



introduction

the architect, limits the achievements of even the most creative and
depresses the general level of design.”. This thesis will aim to ex-
pand the state of knowledge in an understudied, still developing field
where new research technology only recently provided the sufficient
precision of measurement. It will aim to explain the influence of
space on the level of individual interactions between the user and
the space, within a narrow subset of selected cognitive processes and
spatial contexts.

The particular context being here studied is a visit to an art gallery.
This setting has been selected for multiple reasons which later will be
described in detail. At this point it is sufficient to say that art galler-
ies are a unique type of environment where the impact of space on
human cognition can be noticed even by a naive interested observer -
it can be done by simply asking a friend how s/he felt about a visit to
two separate art exhibitions. Equally, an art gallery is a building type
for which a large proportion of the effort spent during the design
phase goes into the consideration of the spatial arrangement of ob-
jects creating the locus of interaction between the art and the human
mind.

1.1 research question and contribution to knowledge

This thesis aims to answer the question of whether the spatial ar-
rangement of an art gallery has an effect on the visitor experience.
The main hypothesis states that the influence of artwork’s spatial loc-
ation is often larger than that of the artwork’s content and that it
can be used to partially predict the cognitive impact of an exhibition.
This is a particularly fascinating problem considering that very often
thematically-grouped, and visually similar modern artworks are dis-
played in aesthetically-neutral, ‘white-cube’ galleries. This thesis will
aim to explain whether such a situation enhances the potential impact
of the spatial arrangement, shifting the decision about the outcome
of the visitor-artwork interaction from the artist creating the work, to
the curator responsible for its arrangement.

The current work aims to make original contributions to the follow-
ing disciplines:

• Visitor Studies; by expanding the existing state of knowledge on
visitor behaviour (and, most importantly, cognition) during the
interaction with the art, in a real-life gallery settings;

• Curatorial Theory; by empirically verifying which aspects of the
curatorial design activity bear the strongest impact on the final
perception and experience of the exhibition;

• Applied Cognitive Psychology and Spatial Cognition; by investigat-
ing cognitive processes contributing to the creation of the sub-
jective experience inside an art exhibition, including processes
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responsible for the dissimilar understanding of space across in-
dividuals;

• Architectural Theory of Space Syntax; by empirically linking form-
ally defined characteristics of space (used for studying and plan-
ning spatial arrangements) to their influence on the human ex-
perience.

1.2 methodological approach

Research approach employed in this thesis (and consequently all meth-
ods used) comes from the positivist perspective. Therefore it is fur-
ther assumed that phenomena such as the visual experience can be
quantified and described with numbers. There are two assumptions
that this thesis makes in relation to the consequences and limitations
of using such a methodological approach, namely:

1. That these numbers need not represent maximum engagement
with the art, or maximum efficiency of the visitor-artwork in-
teraction. The relevant numbers can often refer to the variance
of the experience, as the goal of art is often to stimulate novel,
unique experiences.

2. That there are many of such ‘optimal’ numbers and it should
be at the discretion of the curator to choose what type of ex-
perience the exhibition shall embrace. For instance, the curator
might wish to create a highly dynamic visual experience, where
the visitors quickly switch their engagement between multiple
exhibits. This would be considered undesired within many
study-based exhibition-planning guidelines in the past but is
nevertheless measurable with methods presented in this thesis.
The current work will not aim to put value on more or less ‘de-
sired’ types of experience, but rather to classify and describe
their variety.
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D E F I N I N G A ‘ U S A B L E ’ M U S E U M

The popularity of physical art galleries prevails despite the ease of ac-
cess to all kinds of information—including art—from the comfort of
one’s own living room, through the internet. This fact suggests that
exhibiting art in a physical setting can bear a unique function, diffi-
cult or impossible to fulfil with alternative means of displaying. In
this chapter we will look at how this function is understood by artists
and curators. We will briefly look at how art exhibiting changed
throughout history, and ask the question of how museums can be
evaluated for serving their function well. This chapter will introduce
the role of museums in the modern society and try to establish how
a museum exhibition can be ‘usable’. By this term, architecture and
other disciplines define how well a physical object or setting is suited
to perform the function it was designed for.

2.1 historical context

The first known mention of the word ‘museum’ occurred in the Hel-
lenistic Alexandria, however art collecting as we know it became pop-
ular much later - in the Italian Renaissance (Pevsner, 1976; New-
house, 2005). The fifteenth century saw pieces of antique statuary
displayed in courtyards, loggias and around private properties; but
the very first place specially designed for presenting art was a square
cloister in the Vatican, supposedly designed around the year 1508

(Pevsner, 1976). In 1543 the word ‘musaeum’ officially appears on
a building containing the collections of Paolo Giovio in Como. This
way, contrary to the earlier meaning of the term, instead of a place
designated to celebrate knowledge and culture (like a library in the
ancient Alexandria), ‘museum’ gained its current meaning. It also
quickly became synonymous to a ‘gallery’ due to the fact museums
were often designed as long, narrow rooms (Pevsner, 1976). As mu-
seums/galleries grew in number and diversity throughout France
and Italy, by the late seventeenth century they became an almost
inseparable section of every major palace. Soon, with the Enlight-
enment and its trend for specialisation, museums were divided into
rooms dedicated to various objects. Since then, not only ancient sculp-
tures, but also paintings, or natural history artefacts were considered
worthy of displaying in a manner different to furniture (Pevsner,
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1976; Newhouse, 2005). Following the ideas of the Enlightenment, a
belief that these collections should be made publicly available became
more widespread, and as a consequence, the first known dedicated
museum programme was printed in 1742 in Dresden.

Openness to the wider audience brought the question of how to
group and present objects belonging to discrete categories. Through-
out the early history of museums, two main principles where used
to present artefacts in a meaningful order. First was, what Pevsner
(1976) describes as the concept of ‘iconography’ - statues and paint-
ings of gods would be located in the upper floor, whereas rulers (as
less significant) were placed in a lower—but still central—space. Af-
terwards, an alternative approach became popular, with the chrono-
logy of style being the main principle guiding exhibition arrangement
(Pevsner, 1976).

Nevertheless, it was in Munich in the nineteenth century where
the way of thinking about exhibiting as an object-centred activity was
questioned. Pevsner (1976) describes the following discourse between
the architect Leo von Klenze who was appointed by Prince Ludwig to
design the Glyptothek, and Johann Martin Wagner - an artist, arche-
ologist and a friend of the prince. Glyptothek was envisioned as the
greatest ancient sculpture museum of its times. Wagner suggested a
very modest decor, as his standpoint was that ‘any ornament, any-
thing gay in colour and glittering does damage to works of ideal art’
and that ‘if you visit a collection of ancient sculpture you go because
of the ancient sculpture’, so consequently ‘one recognizes the merit
and talent of an architect by the strict coincidence of a building with
its function’ (Pevsner, 1976, p. 124). He made it explicit that ‘it is
my principle . . . to prefer utility to beauty in case the two cannot be
united’ and even made a statement that ‘polished marble walls and
floors are an attraction only for the common rabble’ (Pevsner, 1976,
p. 126). Leo von Klenze had quite the opposite approach: ‘a museum
is not a place for artists’ training, (. . . ) but a place in which to show
a number of treasures of art to all kinds of visitors in a manner to
be worthy of the objects and to create pleasure in them’ (Pevsner,
1976, p. 126). The prince agreed with von Klenze and the ideas aim-
ing at delivering ‘a grandiose architectural effect of whole parts of
the building’ (Pevsner, 1976, p. 126) were decisive. This dispute is
an excellent example of how the two postulates underpinning the mu-
seums’ primary function: to give justice to the works collected, and to
display them in a manner somewhat attractive to a viewer, expanded
to a debate still ongoing in modern museology.

2.2 object-centred and viewer-centred curation

One voice in this debate is Michael Baxandall’s text (Baxandall, 1991)
which takes a closer look at the viewers’ goals in art museums. As
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he points out, the main attractor for visiting museums, which makes
the experience superior (or at least different) to reading a book about
the subject of the exhibition, is the visual character of the experience
(see also Baxandall, 1991; Alpers, 1991; Newhouse, 2005). As a res-
ult, the museum experience arises not only from the content of the
objects (since what the artist originally intended to say might be in-
terpreted or misinterpreted in many different ways), but also from
the way of displaying them (Gurian, 1991; Baxandall, 1991; Alpers,
1991; Newhouse, 2005). Baxandall (1991) then notices that it is im-
possible to exhibit objects in a neutral way, without enforcing another
meaning upon them, and that every curatorial decision contributes
to a ‘label’ imposed on an object. This label consists of such inter-
ventions as lighting, placement, or segregation of objects and it bears
explanatory ideas of the curator, which are often different from those
intended by the artist (Baxandall, 1991; Newhouse, 2005). The final
interpretation of art can also vary depending on the viewer’s indi-
vidual understanding of those relations. The interplay between three
agents contributing to the final meaning—the artist, the curator and
the viewer—is then clearly apparent. Consequently, taking into con-
sideration the active presence of the viewer in the process of exhib-
iting and interpreting art is crucial (Gurian, 1991; Baxandall, 1991;
Alpers, 1991).

This consideration might be realised differently, depending on the
particular museum’s context (Screven, 1976). To bring these opin-
ions together, Vergo (1989b) suggested that one thing important to all
curators, artists or exhibition planners, regardless of the theme and
the context, is making sure that the visitor will ‘get something out of
it’ (Vergo, 1989b, p. 46). According to him, this can happen in two
ways. Firstly, there is the ‘aesthetic’ view, suggesting that objects are
best shown in isolation and that the whole interpretation can only
emerge from the visitor’s experience alone (‘object-centred curation’).
Displaying objects in a way glorifying their presence is a craft in it-
self. Alpers (1991) calls this manner of displaying, which turns ob-
jects into attention-drawing artefacts, ‘the museum effect’. Secondly,
the ‘contextual’ approach proposes that each museum can (and per-
haps should) be a set of labels and instructions barely illustrated by
examples of prominent artworks (‘viewer-centred curation’; Vergo,
1989b).

Concurrently, Vergo (1989b) notes that there is no method for pre-
designing an exact experience in a complex exhibition. This is be-
cause not only every viewer differs significantly from any other, but
also every single visit of the same person will inevitably vary from
any other visit. Therefore there is a limit to the influence a curator
can consciously have on the visitor experience, but this influence is
inevitable (Newhouse, 2005). This is true for both approaches as each
of them involves intentional curatorial interventions which should be
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planned. Most importantly however, regardless of what the ‘correct’
approach is, none of them will let the visitors to ‘get something out
of it’ without ensuring that the initial visual (or tactile, or sonic for
other types of art) encounter between the person and the object has
taken place. Thus the recurring call for greater consideration of dis-
play methods in curation (Alpers, 1991; Baxandall, 1991; C. S. Smith,
1989; B. L. Taylor, 2010; Vergo, 1989b; P. Wright, 1989; Gurian, 1991;
Newhouse, 2005).

2.3 how to evaluate art galleries?

Weil (2004) goes back to Joseph Nobel’s Museum Manifesto (1970) to
remind us of five basic tasks of every museum: to collect, conserve,
study, interpret, and to exhibit. As he suggests, these roles have since
changed. He claims museums nowadays rather ought to: preserve,
study, and communicate. The last function is considered a combination
of Nobel’s interpretation and exhibiting.

This change of paradigm does not necessarily occur instantly but
is rather a realisation of the fact that has gradually become obvious
(Weil, 2004). It is the result of accepting that there is no way of exhib-
iting that would be deprived of interpretation and that every attempt
of presenting anything in the museum context is inextricably linked
with (explicit or implicit) presumptions. Weil (2004) continues the
argument to point that if it is the museum’s responsibility to commu-
nicate anything, it should be relatively easy to assess the museum’s
performance on that task as soon as we realise what the intended
message is. As he then notes, however, this way of thinking about
museum’s role is in fact very passive and does not consider diverse
agendas with which visitors arrive to museums, or their own active
interpretations of the exhibited content. A new paradigm should, in
his mind, take all this into consideration to avoid thinking about ex-
hibiting as a one-way process. This, in his view, is yet to emerge
(Weil, 2004).

In relation to Weil (2004), L. C. Roberts (2004) takes a closer look
at the interpretative role of museums with the focus on art galleries.
She quotes John Walker—a curator and the director of the National
Gallery of Art in the United States between 1956 and 1969—who em-
phasised the role of art gallery in presenting masterpieces with no
interference, so that it can communicate with the viewer on its own.
One view contrary to that is that the lack of contextual background
might leave an uninformed viewer confused, and far away from the
pleasure of fully experiencing the artwork as it was intended to. As
she writes, the Visitor Studies movement which followed this argu-
ment, aimed at evaluating the activities providing the context inside
museums. However, as early as in the mid 1950s, it was realised that
such an evaluation might never be able to conclude about the effect-
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iveness of museums’ educating activities. L. C. Roberts (2004) draws
a conclusion that museums’ interpretative role is not to educate in a
top-down manner. But rather to allow the visitors to find their own
connections between the presented works, based on their own agen-
das and value systems. Roberts calls this ‘a shift in focus from the
object to the process of looking at it’ (L. C. Roberts, 2004, p.220). Accept-
ing that visitors will look at exhibits from very diverse viewpoints
(both literally and metaphorically) bears a responsibility of allowing
them to set their own priorities and contributing to the experience in
a manner not less creative than that of the curator’s or the artist’s. As
she concludes, the role of modern museums is to empower visitors
to take part in the critical dialogue about what and how exhibits are
presented (L. C. Roberts, 2004).

2.4 reminder : ‘to get something out of it’

This section of the Literature Review has presented publications which
make it evident that:

1. There is a recognition of the visitor’s central position in the role
museums play in the modern society. Times when museums
served barely to showcase private collections of the noblemen
have passed. Museums are built for their users and as such
should consider their goals and expectations with greater care.

2. This being said, the need for evaluation of museums’ perform-
ance is an emerging issue. This has been noted not only by the
academic community (Vergo, 1989a; Andersen, 2004), but also
by the public policy makers, requiring museum institutions to
self-assess their performance (Arnsdorf, 2010).

3. Yet, it is not clear which aspects of the visitor experience are
in fact deserving deeper consideration. While science museums
can more clearly define their goal as ‘informal learning’, this
issue is more problematic in the context of art galleries. One
general point that seems to be recursive across different pub-
lications is what Vergo (1989b) summarised as ‘getting some-
thing out of it’. This thesis assumes that for this to happen, mu-
seums must ensure they are displaying their content in a cognit-
ively accessible manner. We will focus on the earliest stages of
the visitor-artwork interaction, as this—contrary to the viewer’s
background, preferences, and expectations—is the factor which
can be facilitated through the means of curation.

The next section of the Literature Review will look at studies which
tried to assess whether museum visitors indeed do ‘get anything out
of it’. Understanding what is already known and identifying gaps in
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our knowledge on human behaviour and cognition inside art galleries
will be crucial for guiding the scope of this thesis.
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R E L E VA N T C O G N I T I V E P R O C E S S E S

We concluded the previous section by identifying that for a museum
to fulfil its function the visitors must ‘get something of out’ their vis-
its. To formally operationalise this phrase, it can be said that the mu-
seum must ensure its visitors are leaving with a different mindset (or
state of knowledge) from the one they entered with. How this aim
is achieved is a separate issue. It might happen through empower-
ing the visitors to explore, challenge and critique (e.g. L. C. Roberts,
2004), or by teaching them new information (e.g. Falk & Dierking,
2004). Embracing one of those fundamentally different approaches
will most likely depend on the type of the institution, its goals, and
the overall context of the expected experience. But in each case, the
primary priority for any museum should be to ensure that the vis-
itors are able to cognitively engage with the displayed exhibits in a
meaningful manner.

In Psychology, the occurrence of such interaction can be described
by the processes of attention and memory. In Spatial Cognition—a
branch of Psychology concentrated on the processes of forming and
using mental representations of space, as well as embedding mental
representations in space—attention and memory contribute to what
is known as online and offline aspects of cognition (e.g. Waller &
Nadel, 2013). Online processes are those, which allow us to oper-
ate in the dynamically changing spatial surrounding, for example by
keeping track of where we are in space, estimating distances, and re-
cognising objects in that space. Offline processes on the contrary, are
those which allow us to encode, store, retrieve and subsequently use
spatial information over longer time periods. This makes it possible
for humans to better navigate through a previously visited environ-
ment, or to draw a map of it based on the mental representation of
that environment (so called ‘cognitive map’; Tolman, 1948). The cru-
cial principle underlying the theoretical approach of this thesis is that
spontaneously encoded spatial information is automatically embed-
ded in our knowledge structures and becomes a significant compon-
ent of our retrospective experience. Accounting for both online and
offline processes makes it possible to consider how this phenomena
forms during the exploration of the environment, and which of its
aspects are best preserved.
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Despite the fact memorisation is not the predominant goal of visit-
ing exhibitions, memory performance might serve as a benchmark in-
dicating whether deeper cognitive processing of an object took place.
The following section will provide evidence for this statement and
justify the importance of attention and memory as measures of hu-
man cognitive engagement within art exhibititons. This thesis treats
mainly with the visual aspect of the museum experience, as it is con-
sidered to be the most important (Baxandall, 1991). For this reason
the review of studies on human attention has been limited to visual
attention. It must be noted however, that the non-visual aspect of the
museum experience is attracting a great deal of interest (Levent &
Pascual-Leone, 2013b) and need not to be ignored in more generic
discussions. Especially if to consider memory as a process of bind-
ing features across senses (J. Ward, 2013). It is, however beyond the
scope of this thesis to directly account for other senses influencing
the visitor experience.

3.1 visual attention

3.1.1 What is Attention?

Contrary to the common assumption, attention by definition is not
the state of ‘exceptional mental effort’ deployed to a particular stim-
ulus (for a more detailed discussion on this, see Pashler (1998), who
reviewed some central notions of common (mis)understanding of at-
tention). The academic understanding of this process is different from
its commonly assumed characteristic. Yet, there is a large variability
in its classifications and definitions. Scholl (2001) for example, defines
attention as the collective name for several various types of selective
processing. Chun and Turk-Browne (2007) put emphasis on the dis-
tinction between resources and selection—to attend means to select what
deserves attending, to allocate processing resources to this task or ob-
ject, and to prevent competitive stimuli from using these resources
(Chun & Turk-Browne, 2007). According to this view, attention is
therefore more of a ‘filtering’ mechanism than a ‘focusing’ one.

Yet different aspects gain importance when we consider attentional
processes engaged in the everyday exploration of the built environ-
ment (an extensive review of which is provided by A. Johnson (2011)).
Attending to discrete elements of our surrounding can be the result
of either: voluntary deployment of one’s own effort into looking at
it (endogenous attention); or of an external stimuli (such as loud noise
or a blinking light) automatically apprehending human awareness
(Jonides, 1981, exogenous attention;). Another important distinction is
made between directing the senses (e.g. the eye movement) towards
a stimulus (overt attention), and mentally focusing on a larger number
of potential stimuli, e.g. in the peripheral field of view (covert atten-
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tion) (R. D. Wright & Ward, 2008; Land & Tatler, 2009). Hence, covert
attention can be deployed before overt attention but never the other
way around (Land & Tatler, 2009). The focus of this work is on overt
endogenous visual attention.

Eye movement is indicative of the deployment of overt visual at-
tention (Buswell, 1935; Holmqvist et al., 2011) and has been used for
this purpose in a plethora of studies (e.g. Buswell, 1935; Heidenreich
& Turano, 2010; Henderson, 2008; Hollands, Patla & Vickers, 2002;
Locher, Krupinski, Mello-Thoms & Nodine, 2007; B. W. Tatler, Badde-
ley & Gilchrist, 2005; Locher et al., 2007; Land & Tatler, 2009). How-
ever, some questions about the nature of the process remain open.
Especially problematic is defining the point at which the perceptual
stimuli is converted into a cognitive concept further incorporated
into the existing knowledge framework. It is therefore unclear when
visual attention is a location-based process, scanning the visual field
like a ‘spotlight’ (Posner, Snyder & Davidson, 1980), and when it clas-
sifies the perceived stimuli into objects of some level of complexity
(Scholl, 2001). The latest findings show the latter might be the case
at much earlier stages of processing than it was previously assumed
(B. W. Tatler, Gilchrist & Land, 2005). As it is beyond the scope of
this thesis to investigate the basic nature of the process, this work
will refer to ‘visual attention’ as to the equivalent of where a person
looked. For simplicity, it will often treat the terms of ‘visual attention’
and ‘eye movement’ interchangeably, although it must not be ignored
that (a) the latter is only to some extent indicative of the former, and
(b) that overt endogenous visual attention is never the sole source of
information acquired from our surrounding at any given moment.

3.1.2 The Nature of Eye Movement

To facilitate the uptake of visual information from the surrounding,
our eyes consistently scan the environment. Rapid movement of de-
ploying overt attention onto an object is called a saccade. A period of
inhibited movement of the eye, or a pause in motion, is a fixation. Fix-
ations can last from 25 ms to 200 ms, depending on the task (Ashcraft
& Radvansky, 2010).

Saccades constitute 10% of all movement and during that time the
observer remains practically blind. Information is only absorbed dur-
ing fixations (Holmqvist et al., 2011). When a very long saccade is
required to fixate on an object distant from the current point of fixa-
tion, usually a single, long, imprecise saccade is followed by a more
accurate, correcting one (Land & Tatler, 2009).

Subsequent fixations and linking them saccades are described as
a scanpath. When eye-movement is analysed in respect to discrete
objects, a single scanpath within an object can be described as a dwell
(Holmqvist et al., 2011). Figure 3.1 visualises a sample dwell.
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Figure 3.1.: A sample ‘dwell’.

Other elements of the oculomotor behaviour have also been classi-
fied and are comprehensively reviewed by Holmqvist et al. (2011). It
is important to remember however, that they are all sub-parts of a lar-
ger system, the primary goal of which is to gather visual information
required for current actions (Land & Tatler, 2009). For this reason,
the exact definitions of these sub-parts and their operationalisations
vary across literature - Holmqvist et al. (2011) describe about 120 of
them. Their usage depends on the research aims, and equally often
on the technological limitations of the—still imperfect—eye-tracking
devices. The specific measures used in this thesis, the rationale for
their choice, and its technological aspect, will be described in detail
in the Method Overview section (p. 103). But the reader should be
aware that this study’s understanding of visual attention and its op-
erationalisation is limited (similarly to other works on the subject)
and by no means comprehensively represents this complex aspect of
human cognition.

3.1.3 The Role of Visual Attention During Exploration of the Environment

The main aim of this work is to identify environmental correlates of
human cognition in the gallery setting. Where each person looks is a
combination of many, mostly uncontrollable factors, such as personal
preferences. The rationale behind the current thesis is the assumption
that those variable factors coexist with more basic principles guiding
visual attention, which form repeatable patterns. Above all, visual
attention evolved to allow us effectively and safely move around our
environments. As such, some patterns of the oculomotor behaviour,
by principle, must be present at the level of the entire species. This
section provides a review of works aimed at identifying such patterns
of human eye movement across diverse contexts of our everyday life.

Some suggestions about the way visual attention acts during the
exploration of our surrounding can be drawn from eye-tracking stud-

44



3.1 visual attention

ies on the perception of natural scene images. Velichkovsky, Joos,
Helmert and Pannasch (2005) and later Pannasch, Helmert, Roth,
Herbold and Walter (2008) for example, suggested two viewing modes
of a natural scene: a global (ambient) mode when the general layout
is extracted over the first few seconds, and focal scanning of detailed
scene elements. Henderson (2008) reviews many other findings from
the 2-D scene viewing paradigm. In general, viewing patterns vary
considerably across participants and it is difficult to predict them,
especially after longer periods of viewing. However, they are more
consistent at the beginning of the viewing process. Interestingly, one
such pattern has been observed as early as in the 1935, by perhaps the
very first eye-movement researcher. Grounding his assumption on 2-
D picture viewing paradigm Buswell (1935) suggested ‘it is probable
that most of the visitors to an art gallery look at the pictures with this
[quick survey] type of perception and that they see only the main
centers of interest’ (Buswell, 1935, p. 142). So it might be the case
that people first scan the scene and then view it in detail.

However, there has been a considerable criticism regarding direct
applications of 2-D scene viewing patterns into our understanding of
the nature of vision in the 3-D environment (B. W. Tatler, 2008). Even
though some patterns are similar, their effect sizes tend to be much
larger in the real world (B. W. Tatler, Gilchrist & Land, 2005). On
the contrary, mobile eye-tracking allowing researchers to record ocu-
lomotor behaviour in 3-D is still a novel technique, and in many cases
careful interpretations of the natural scene viewing studies is the best
available source of data for generating hypotheses. The current thesis
will refer to such works where necessary, but their interpretation in
the context of real-life eye-movement should be conducted with cau-
tion.

The recent book by Land and Tatler (2009), to date, presents the
most diversified collection of mobile eye-tracking studies from mul-
tiple real-life situations. As they note, the context of the considered
task is crucial when studying human visual attention, because eye
gaze is primarily directed to the places where information required
for a particular action is likely to be present. In fact, studying atten-
tion without defined goals is undesired, as larger uncontrolled vari-
ation occurs when participants are prompt to select their own goals,
even if implicitly (Land & Tatler, 2009). Since spatial exploration and
viewing objects within space are the primary purposes of an art gal-
lery visit, museums constitute an ideal research setting for studying
eye-movement in the real-life context. Human ‘cognitive aims’ are
rarely so uniform in any other building type and in consequence, the
variability of confounding interpersonal factors is decreased.

As noted above, goal-free viewing is improbable. However, as Land
and Tatler (2009) write, the largely accepted assumption is that there
should exist some ‘default viewing mode’. Laboratory-based studies
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for long suggested it might be the object’s visual salience that guides
visual attention during a goal-free exploration. This is known as the
bottom-up strategy, since ‘bottom’ factors embedded in the environ-
ment would steer the ‘higher’ cognitive processes. The concept of
Saliency Map (Itti & Koch, 2000)—a method of computing which ele-
ments of the viewing field ‘stand out’ from the background—gained
a considerable popularity for making these predictions. This has been
since questioned, as the correlations between Saliency Maps and eye
fixations were shown to be the effect of a systematic bias in the sali-
ency metric (B. W. Tatler, Baddeley & Gilchrist, 2005). Saliency Maps
were also problematic in their theoretical aspect. If true in the real-life
context, this bottom-up strategy of attention being allocation based
on the stimulus’ salience would be rather ineffective and dangerous
(Land & Tatler, 2009; McCarley, Steelman & Horrey, 2014).

For this reason, a more pleasing explanation (both theoretically and
empirically), is the top-down strategy. According to it, the eye move-
ment is dependent on the current behavioural and cognitive goals,
and allocated into regions which are relevant, rewarding, or explain
uncertainty (Land & Tatler, 2009; B. W. Tatler, Hayhoe, Land & Bal-
lard, 2011; Henderson, 2008). In other words, people look where
they expect to find information important for their current objective
(Land & Tatler, 2009; B. W. Tatler et al., 2011). In the context of a
simple walking task, this phenomena is expressed by participants’
attempts to obtain information about the desired walking direction
very shortly before the turn of direction happens (Hollands et al.,
2002). This top-down, task-dependent explanation is consistent with
the early work of Buswell (1935), who observed many other top-down
phenomena of oculomotor behaviour, such as its dependence on the
participant’s cultural background, expertise, or experimental instruc-
tion. Over 70 years later, behavioural and cognitive goals (the top-
down strategy) are fully reinstated as the primary factor guiding our
oculomotor behaviour (Land & Tatler, 2009). And yet, once these top-
down cognitive goals are identical, some bottom-up characteristics of
the environment are likely to affect viewing behaviour of multiple
participants in a consistent way. It can be said, that the oculomotor
behaviour consists of a set of context-specific routines, deployment
of which is modulated by the cognitive objectives (Shinoda, Hayhoe
& Shrivastava, 2001). Therefore, the everyday functioning of our at-
tention seems to be the combination of both strategies as it has been
described formally in the Contextual Guidance model by Torralba,
Oliva, Castelhano and Henderson (2006).

3.1.4 Connections Between Attention and Memory

The main reason why the two processes of visual attention and memory
will be analysed together is the fact that their functioning is insepar-
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able (Henderson, 2008). Our visual acuity (i.e. resolution and colour
sensitivity) is limited to a very narrow centre area of our visual field
and a single fixation would not allow us to fully comprehend any lar-
ger object (Henderson, 2008). For this reason, multiple quick saccadic
eye movements and fixations are made across the stimulus. At this
point, attention and memory are already interacting - because what
we see (or rather what we think we see) is the whole image, at once.
This is only possible as the memories of the image’s elements are
sustained for tens of milliseconds (trans-saccadic memory), conveyed
across the saccadic movements (active online memory), and combined
to create the final representation of that image in our mind (Hender-
son, 2008). This combined representation is then unconditionally sus-
tained in so-called sensory memory until vanishing, unless we actively
maintain it in our short-term/working memory. When the latter hap-
pens, the representation can either be incorporated into more stable
long-term memory structures, or discarded (Henderson, 2008).

The reader might now wonder how our cognitive mechanisms ‘know’
the connection between individual fixations. In order to link inform-
ation obtained from separate fixations with a larger, discrete element
of the visual field, our visual system does not use retinal coordin-
ates, or spatial coordinates of the environment, but object files. This
term is used to describe temporary representations of individual ob-
jects which are robust to the dynamic changes in the environment
(Kahneman, Treisman & Gibbs, 1992; B. W. Tatler, Gilchrist & Land,
2005). Attention and memory therefore work together from the earli-
est stages of perception to overcome the physical limitations of our
visual system and provide us with useful representations of discrete
objects from our surrounding.

Attending to an object is by definition equivalent to processing it
(Chun & Turk-Browne, 2007), assuming that attention is overtly de-
ployed (R. D. Wright & Ward, 2008; Land & Tatler, 2009). To see,
therefore, means to memorise. At least briefly. In which case it is not
surprising that multiple studies showed a linear relation between the
number of looks (or total fixation times) on an object, and the memory
of it (for an overview see: Henderson, 2008). This arises from the
fact that longer and more frequent viewing provides more opportun-
ities for encoding (Henderson, 2008). Consequently, the existence
of an object in our long-term memory structures gives evidence for
deeper cognitive processing having taken place, or in the museum
context: more absorbing cognitive engagement with it inside the gal-
lery. Importantly, those objects which were search targets (i.e. it was
the participants’ explicit goal to identify them), are remembered even
better than it could be predicted from the linear regression based on
the number and length of fixations (Henderson, 2008). This demon-
strates the strong influence of cognitive goals on the relation between
our visual attention and memory.
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The object file theory also accounts for this interaction of memory
and attention. Once an object file is created, any information addi-
tionally gathered on it from eye fixations can be associated with it
by updating the object file. B. W. Tatler, Gilchrist and Land (2005)
showed that some visual aspects of objects within a scene accumulate
over viewing time (i.e. with additional fixations), whereas some do
not. The fact that participants’ memory of object’s presence and colour
did not accumulate, suggests that this particular information can be
gathered outside the fovea. Memory of object’s position in the envir-
onment however, seems to increase with the number of fixations. The
authors’ suggested explanation is that each time the viewer’s eye re-
turns to an object, information on its position is updated in the object
file, while information of its presence and colour are not.

It is important to note this interrelation between memory and at-
tention is a two-directed process, as working memory is also used by
attention to select and maintain relevant perceptual information from
our surrounding (Chun, 2011). As a consequence, working memory
has been named ‘an interface’ for attention (Chun, 2011). Hender-
son (2008) for example, notes how our oculomotor behaviour during
2-D scene viewing is initially guided by the known associations of
the scene’s identity. The subsequent eye movement is then directed
by the object layout, learnt at the initial stages of visual exploration
(so called ‘gist’). In the real-world scenario Land and Tatler (2009)
give an example of making a tea to illustrate this point. Participant’s
fixations proceed the next required action, but the knowledge of the
kitchen layout makes it much more efficient to deploy eye fixations
almost directly into the next relevant area of the environment.

3.2 memory

In this section we will review the studies of memory of visual ob-
jects (or visual memory). Firstly, we will briefly look at how people
memorise pictures. As it will be shown, in spatial context, the iden-
tity of an object is encoded together with its spatial properties. This
is done within the structures of spatial memory, literature on which
will be reviewed afterwards. A distinct case in this group of studies
is the tradition of landmark research, which gathered evidence on
spontaneous real-world human spatial behaviour. It has shown that
the memory of an object is linked to, but often dependent on distinct
factors from the memory of its spatial location.

3.2.1 Visual Memory

In general, human long-term memory of pictures, even those presen-
ted briefly is very good (Mulligan, 2013). Hollingworth (2008) re-
views a number of studies where up to thousands of images were

48



3.2 memory

presented to participants and they still were able to correctly recog-
nise 85-90% of them within days following the learning phase. The
process of memorising pictures, and the biases it is sensible to, is sim-
ilar to our verbal memory which forms the basis of most of findings
on human memory (Mulligan, 2013). The only differences between
our verbal and picture memory seem to be quantitative (i.e. in the
size of reported effects) rather than qualitative. Mulligan (2013) re-
views these known effects in the context of memory of pictures and
lists the most impactful ones:

• Age Effect - older adults remember less pictures.

• Serial Position Effects - the order of stimuli presentation during
learning affects memory. The first few items are usually re-
membered better, which is known as the primacy effect. Also
the corresponding effect for the last few pictures—known as the
recency effect—can occur if the test phase immediately follows
the learning phase. If there is a temporal gap, or a distraction
provided between learning and testing, the recency effect usu-
ally is eliminated but the primacy effect still applies. In some
circumstances the recency effect can be considerably smaller for
pictures than it would be for verbal stimuli.

• Level-of-Processing Effect - objects which were processed deeper
are remembered better. To establish that, some studies asked
for perceptual vs semantic attribute of an object. Whether the
size of the effect for pictorial stimuli is equal, or attenuated in
relation to its verbal memory counterpart, is unclear.

• Divided Attention Effect - attentional distraction greatly impairs
consecutive memory. However, this effect mostly relates to stud-
ies which used various modifications of dual-task paradigm.
This could be done, for example, with tonal distractors played
in the background that had to be monitored during viewing pic-
tures. In a study by Talmi, Schimmack, Paterson and Moscov-
itch (2007), in the presence of auditory distractors, participants
were told to either focus fully on pictures, half on pictures and
half on sounds, or mostly on sounds. Their attention happened
to be easily controllable and the group instructed to focus on
pictures did not get distracted very much. In the context of an
art gallery visit, external distractors are largely eliminated, and
it seems that divided attention effect does not apply to a situation
where we are free to pick the object of our interest (or in other
words: it does not seem to apply to endogenous, contrary to
exogenous attention). Mulligan (2013) notes inconsistency in
the results available to date, although one finding particularly
interesting in the context of this thesis has been made by Rein-
itz and Hannigan (2001). In their series of experiments, recog-
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nition memory of faces decreased when stimuli were presented
simultaneously on the screen. The effect did not exist during
sequential presentation. The limitation of this work is the fact
that only conjunction errors were measured, and human faces
constitute a rather distinctive type of stimuli on its own.

As mentioned previously, during viewing of natural scenes, visual
objects are remembered based on the binding with their location in
the scene’s layout (Hollingworth, 2008; Akdal, Hodgson, Hill, Man-
nan & Kennard, 2002). The information about this layout is extracted
before the information on the object’s surface properties (such as
colour or identity; B. W. Tatler, Gilchrist & Rusted, 2003). Moreover,
the memory of an object’s position accumulates with the increasing
number of fixation, contrary to the memory of its surface properties
(B. W. Tatler, Gilchrist & Land, 2005). This shows an interesting in-
terplay between the traditionally viewed memory of pictorial stimuli
and their spatial setting. As mentioned previously however, applying
2-D scene viewing task directly into our understanding of 3-D, real-
world viewing situation can be deeply problematic (see Section 3.1.3,
p. 44). B. W. Tatler and Land (2011) suggest that real-world actions
require sparser and more task-specific memory representations of ob-
jects, which operate in conjunction with the larger models of the sur-
rounding to stabilise the experience and ensure more efficient beha-
viour. In the previously mentioned work, B. W. Tatler, Gilchrist and
Land (2005) also showed that the effect of better location memory
accumulating with the number of fixations was stronger for real-life
situation than for 2-D image viewing.

This difference in cognitive patterns is fully understandable. It
would be purely ineffective for our spatial functioning to memorise
each visual element of the environment according to exactly the same
patterns we employ for learning pictures in a rather specific ‘picture
learning task’. Many of the described research further detached it
from the real-life situations by presenting pictures of standardised,
neutral, individual objects. However, the specificity of the art gallery
experience, where attending to pictures is the ‘default’ cognitive task,
advocates making careful predictions based on the aforementioned
effects.

We will now take a close look at the phenomenon of object-to-
location binding, mentioned on a number of occasions throughout
the section above. Its application in the real-world setting was ex-
plored in depth in the studies of landmarks. However, before we
turn into this narrower application, let us review the basic principals
of spatial memory - the mechanism which allows us to remember
where things are in space.
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3.2.2 Spatial Memory

Kelly and McNamara (2009) define spatial memory as a set of two
mechanisms which allow us to remain oriented with regard to the
known locations in our close and distant surrounding. The first
of them, sensorimotor spatial memory holds directions and distances
between the navigator and known objects in his or her immediate
environment. It allows us to control our spatial behaviour, such as
walking around obstacles or recognising a close landmark. This sys-
tem is limited in capacity and therefore requires constant updating
during navigation: representations of the surrounding objects are ad-
ded or erased as they become accessible. The second mechanism,
long-term spatial memory holds distances and directions between all
known objects, and is organised with regard to the spatial reference
system (Kelly & McNamara, 2009). This thesis will investigate the
nature of the latter mechanism in the context of an art gallery visit
and the resulting knowledge of the exhibition.

According to McNamara (2013), long-term spatial memory consists
of:

• object-place knowledge of the identity and appearance of distinct
elements of the environment, a special case of which is land-
mark knowledge (when an object is used for navigation; Siegel
& White, 1975);

• route knowledge of sequences of landmarks;

• environmental shape knowledge of the geometrical properties of
the environment;

• and survey knowledge of the configurational relationships between
individual locations.

The acquisition of these memories is spontaneous (Siegel & White,
1975; Montello, 1998) as long as attention is being paid to the environ-
ment (Montello, 1998). The above listed sub-types of long-term spatial
memory usually develop in parallel (Montello, 1998). Importantly
(and perhaps counter-intuitively), it is questioned to what extent the
metric component is necessary and automatically incorporated into
this knowledge (Montello, 1998; Penn, 2003). Lastly, interpersonal
differences play a significant role in what spatial knowledge is extrac-
ted by two separate individuals from the equal exposure to the same
environment (Montello, 1998; Davis, Therrien & West, 2008; Spiers
& Maguire, 2008). The most critical stage moderated by these dif-
ferences is the moment of integrating separately learned places into a
hierarchical, complex (‘survey’) knowledge structure (Montello, 1998;
McNamara, 2013).

The importance of integrating individual locations into survey know-
ledge arises from the fact that every unit of space can be remembered
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as a discrete location, or as a part of a larger set-up. This ability
allows us to use our spatial knowledge at different scales (Kelly &
McNamara, 2009) and, for example, to draw a layout of an apartment
based purely on spatiotemporally linear explorations of its individual
rooms. Even then however, spatial knowledge often remains fragmen-
ted, meaning that while some areas might be remembered in detail,
their neighbouring locations need not necessarily be encoded so well
(McNamara, 2013).

At this point it becomes important to understand what constitutes
a single, psychologically discrete location. This problem has been
tackled by Montello (1993) who proposed a classification of psycholo-
gical spaces. Among others, he distinguished vista spaces and environ-
mental spaces. Vista spaces are spaces which can be visually apprehen-
ded from a single point, without considerable amount of travelling.
Environmental spaces, on the contrary, are larger environments requir-
ing some locomotion to explore them entirely, but this exploration
(and the subsequent memories of it) need not be aided by symbolic
representations such as maps (Montello, 1993). A vista space is there-
fore usually equivalent to a simple room, while environmental space
can be understood as a set of spatially organised vista spaces. It is this
organisation of vista spaces into environmental space which likely consti-
tutes the boundary between learning discrete locations and integrat-
ing them into survey knowledge. The focus of this work is on vista and
environmental spaces. In addition, Montello (1993) distinguished geo-
graphical spaces (requiring symbolic representations to comprehend)
and figural spaces (which are smaller than the body size; e.g. pictures
of natural scenes). He emphasises a qualitative difference between
the set of psychological processes involved in learning these spaces.
For this reason, this thesis does not review laboratory-based experi-
ments on object-location binding conducted on computer screens in
further detail. As they investigate the location encoding within figural
spaces (usually a computer screen), the underlying cognitive mechan-
isms responsible for those effects are likely to differ, even if the results
are often similar to other situations (e.g. Mather & Nesmith, 2008).

One of the most important difference might be the reference sys-
tem through which spatial learning takes place. The reference system
used to encode and retrieve spatial information can be egocentric or al-
locentric (McNamara, 2013). Egocentric reference system specifies loc-
ation in relation to the perceiver. It consists of eye coordinates, head
movement, and body orientation (McNamara, 2013). The allocentric
system specifies spatial relations to external elements of the environ-
ment, such as room shapes, or—on the abstract level—geographical
latitude and longitude (McNamara, 2013). Spatial reference systems
of smaller locations can also be hierarchically interrelated to each
other (McNamara, 2013). For example, it has been shown that spatial
relations between objects are stored in the allocentric system, while
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the visual memories of particular landmarks are sustained in the ego-
centric system (McNamara, 2013). Although it is important to note
that the two systems exist in parallel and their relationship is dynamic
(Burgess, 2006; B. W. Tatler & Land, 2011; Philbeck & Sargent, 2013).

Putting this into the art gallery context, we can summarise that:

• humans spontaneously acquire long-term knowledge of the spa-
tial properties of the gallery being explored;

• this knowledge consists of information on discrete locations (e.g.
how 3 pictures are hung next to each other on one wall), as well
as how specific locations relate to each other at the scale of the
entire gallery;

• the quality of this knowledge is likely to be fragmented, i.e.
different for discrete sub-parts, and will vary depending on
(among other factors) the attention being paid, interpersonal
differences, and the complexity of the environment;

• potentially the most difficult task for art viewers’ spatial memory
is to integrate those separately learnt locations (individual art
objects, gallery walls, and rooms) into a hierarchically organised
structure of the environmental space;

• this is a challenge due to the need of integrating egocentric
views of a single artwork, a single room, or a single gallery
wall, into the allocentric system containing relations between
these sub-parts of the gallery;

In order to investigate how these memory processes combine in
real-life situations we will now review the research literature on land-
marks.

3.2.3 Landmark Studies

The1 mechanisms of spatial cognition that guide our exploration of
space and spontaneous memory of encountered objects have been
largely investigated in the landmark literature. If we define land-
marks as easily recognisable objects serving as a point of reference
in space (Chan, Baumann, Bellgrove & Mattingley, 2012) and we as-
sume that their acquisition is spontaneous (Chan et al., 2012; Janzen
& van Turennout, 2004) then the findings from these studies could be
applied to artworks in a gallery space. Even during a free exploration
of an art gallery, visitors must still use their spatial abilities to orient-
ate themselves in space. If this was not true, their movement would
be random, with no mechanisms helping them to avoid revisiting
rooms, to explore new spaces, and to find one’s way out. Viewing

1 Parts of this section were previously published in (Krukar, 2014b)
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art in a museum must be inextricably linked with acquiring know-
ledge about spatial location of certain objects and the gallery’s layout.
For this reason it is important that studies of landmarks make the
distinction between object-based and location-based attention (Caduff
& Timpf, 2008) resulting in the knowledge of objects and knowledge of
the spatial relations between them (Montello, 1998). For instance, Jan-
zen (2006) observed that objects placed next to decision points (junc-
tions) in a virtual museum are recalled faster on a computer-based
recognition task than those placed along straight paths. The author
suggested that this effect might be the result of a linkage between the
memory representation of a particular object and the representation
of its location. This explanation would be in line with different neural
activity patterns in the parahippocampal gyrus (responsible for place-
object mapping), that can be induced by decision-point-based and
non-decision-point-based objects (Janzen & van Turennout, 2004). In
a later study, Miller and Carlson (2011) designed a similar virtual mu-
seum to Janzen’s, but in addition aimed to take the objects’ perceived
salience into account. Perceived salience, in the real-life context, is
likely to be dependent on many more factors than just visual dom-
inance (e.g. emotional reaction, or previous knowledge/memories
about the object). For this reason, objects placed inside were sep-
arately rated for their perceived salience by an independent group
of participants. The authors managed to replicate Janzen (2006) res-
ults when objects of high perceived salience were placed on decision
points, but did not, when highly salient objects were purposefully
placed on navigationally irrelevant locations (i.e. on non-decision
points). In the latter variation of the experiment, high perceived sa-
lience was a factor enhancing response times on the computer-based
recognition test, while navigational relevance guided participants’ re-
sponses in map drawing and route description tasks. As the authors
conclude, the encoding of a landmark (object) might be driven by its
perceptual features, whereas its selection during spatial tasks seems
to be driven by its spatial features (Miller & Carlson, 2011) (see also
Miller, Carlson & Hill, 2011). This shows the importance of separ-
ating the object-oriented and location-oriented memory in this con-
text. Those results by Miller and Carlson (2011) also suggest that the
former should be highly dependent on the objects’ perceived salience,
while the latter should remain unrelated to it.

While the qualitative distinction between those memory types seems
fully applicable to the art gallery experience, the specific factors hav-
ing an effect on the strength of those memories are likely to differ.
Navigational behaviour highly varies depending on the actual con-
text, as well as goals and strategies of the individuals (Steck & Mallot,
2000; H. Taylor, Naylor & Chechile, 1999). A gallery visitor is likely
to direct his/her attention to artworks, and in a visually ascetic space
these become highly salient reference points, but their navigational

54



3.2 memory

importance is secondary. Instead, the spatial relations between them
can become an important component of the viewer’s understanding
of curatorial intentions (either explicitly or spontaneously). A gal-
lery visit therefore incorporates both types of attention: object-based
and location-based. These induce memory traces of the individual
objects, as well as of the spatial relations between them. Object-based
memories should therefore mainly (but not exclusively) be influenced
by the picture’s perceived salience. Location-based memories are de-
pendent on the pictures’ position in the gallery, and therefore derive
from initially designed curatorial narrative (Psarra, 2009). A notice-
able disadvantage of applying landmark studies to non-navigational
research is the importance of goals for spatial behaviour and learning
(A. Johnson, 2011; Land & Tatler, 2009; H. Taylor et al., 1999). In prin-
ciple, landmark studies put the emphasis on learning the route or ob-
jects encountered along it (Buchner & Jansen-Osmann, 2008; Miller &
Carlson, 2011; Janzen, 2006; Janzen & van Turennout, 2004) which is
a goal very different to the purpose of visiting an art gallery. For this
reason, if the effect of spatial location in landmark studies depended
on its importance for navigational decisions, perhaps in the art view-
ing context this effect shall be influenced by the location’s importance
for potential understanding of the narrative of the exhibitions (such
as co-visibility of multiple artworks with it).

A related disadvantage is the fact that the above mentioned stud-
ies measured spatial memory by asking for route descriptions. In
such a case it is predictable that objects placed at decision points are
mentioned more often, and this does not necessarily mean they were
remembered better. A different task, allowing for expressing spatial
relations between nearby, as well as distant objects would be more
desired for investigating spatial memory in the art gallery context.

One more important contribution to the rationale behind this work
comes from the landmark study conducted by Buchner and Jansen-
Osmann (2008). As their results showed, learning of ordinal position
of objects in a dynamically experienced virtual spatial environment
was superior to learning the same objects presented as a serial, non-
spatially embedded list of items. This effect disappeared when cor-
ridors along which the objects were located have been transformed to
equal lengths (Buchner & Jansen-Osmann, 2008). This result shows
that experiencing objects in the spatial context is a qualitatively dif-
ferent experience from a non-spatial one, and that the objects’ mental
representations are not just an environmentally-embedded version of
a standard list-type representation. This fact could be one of the main
reasons why the general public still prefers the hassle of travelling to
a physical museum building, time commitment, and (often) paying
the entrance fee, over viewing the same artworks through the inter-
net or a in a printed catalogue. This argument adds to the finding by
Larish and Andersen (1995) who showed that active control of vision
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and movement led to supreme performance in perceptual task over
the passive observation condition. Being able to actively explore the
environment on our own makes us attend and remember better.

Importantly, the lack of the effect under the equal-corridor-length
condition in the study of Buchner and Jansen-Osmann (2008) signi-
fies the importance of environmental differentiation for enriching the
learning experience. This study did not explain whether such an
environmental differentiation must be metric (contrary to other po-
tential factors, such as wall colours, or textures). Yet, it raises an im-
portant concern in the context of white cube art gallery spaces, where
environmental differentiation is often purposefully eliminated.

It is important to notice, that a significant proportion of the the
recent landmark studies have been conducted in the virtual set-ups
(Buchner & Jansen-Osmann, 2008; Miller & Carlson, 2011; Janzen,
2006; Janzen & van Turennout, 2004). Since metric information can
be distorted in virtual environments (Marsh, Chardonnet & Meri-
enne, 2014) some of the effects shown might be underplayed, or over-
exaggerated compared to real-life experience. Additionally, where
alternative forms of navigation are imposed instead of walking in-
volving bodily movements (e.g. watching first-person video, or nav-
igating the virtual reality via a joystick; Buchner & Jansen-Osmann,
2008; Miller & Carlson, 2011; Janzen, 2006; Janzen & van Turennout,
2004), the experience is further detached from the real-life experience
and have been shown to activate different spatial learning mechan-
isms (Hegarty, Montello, Richardson, Ishikawa & Lovelace, 2006).
Therefore, the importance of experiments investigating spontaneous
spatial learning of objects in real-life settings is noteworthy.

3.3 a note on image recognition

A considerable issue with applying visual attention and visual memory
studies to the real-life context is that laboratory-based studies control
for the angle of viewing. Contrary to that, during unrestricted2 spa-
tial explorations people view objects at multiple oblique angles. In
the context of art gallery studies, this becomes potentially problem-
atic as visitors explore the space via multiple pathways and therefore
viewing pictures from a comfortable straight-on location is often in-
terrupted by less ideal slanted views.

Retinal image of every scene changes as the viewer moves the head
even slightly. In a dynamic viewing situation, multiple slanted views
of a painting result in greatly distorted retinal images of that picture.
Numerous studies on image recognition have shown, however, that

2 Contrary to this thesis’ approach, many Spatial Cognition studies restrict parti-
cipants’ freedom to explore the environment by predefining their route, or walking
pace. Consequently, the variance in behaviour not directly related to the research
question is decreased at the cost of decreasing ecological validity.
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this is less of a challenge to human visual systems than it might at first
appear. E. Bruce Goldstein extensively studied human ability for re-
cognising slanted pictures. Despite the above described phenomenon,
these visual distortions pass largely unnoticed until the viewer’s at-
tention is drawn to them (for example, by simultaneously presenting
the same image from another viewing angle; Goldstein, 1987). Gold-
stein (1987) empirically distinguished between various picture prop-
erties which are perceived differently across a wide range of viewing
angles (between 20 and 160 degrees). Perceived relations between dis-
tinct elements of the picture’s layout have been identified as the most
robust to distortions. In general, it has been indicated that human
perception of slanted images is very good, as long as the information
on the underlying surface orientation is available (Vishwanath, Gir-
shick & Banks, 2005; Yang & Kubovy, 1999). This is almost always
the case in the art gallery context, as well-lit white walls and their
orientation tend to be easily recognisable. Therefore, viewing images
from oblique angles—as it can often happen during an unrestricted
exploration of an art gallery—is unlikely to prevent the visitors from
meaningfully attending to them.

This note represents the perceptual explanation of the problem. In
later sections we will see how the availability and accessibility of
different viewing perspectives can guide the gallery visitor through
space. Despite the fact that slanted viewpoints should not have a
large impact on how we recognise the artworks’ content, they might
affect our understanding of the individual exhibits, especially with
the respect to their broader surrounding.
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4

C O G N I T I O N I N T H E W I L D . . . A RT G A L L E RY

In the previous section we have looked more closely at attention and
memory: two cognitive processes, functioning of which can potentially
be indicative of whether an art exhibition layout is allowing the vis-
itors to comfortably view and process the exhibited art. As it has
been indicated, the majority of studies originally investigating these
aspects of human cognition bear some considerable limitations. They
primarily used laboratory-based paradigms (such as 2-D viewing or
virtual reality set-ups), and often included procedural goals related to
memorisation, or navigation. Each of these aspects has been shown
to affect the applicability of the results to our understanding of hu-
man cognition during a real-world situations, such as an art gallery
visit.

This section will look at studies which often sacrificed experimental
control to pursue higher ecological validity. We will review the Vis-
itor Studies movement, which studied the viewers’ engagement by
observing everyday museum visitors during their actual visits. Des-
pite the fact that only a small proportion of this research bears any
relation to the spatial configuration of exhibitions, their relevance to
this thesis lies in developing techniques of estimating the visitors’ at-
tention to, and engagement with an exhibit. We then consider the
drawbacks of these research approaches and turn the reader’s atten-
tion to the emerging field of more rigours cognitive studies inside
real-life museums. Only the most recent technological developments
have made it possible to assess the visitor’s engagement with the ex-
hibition in a relatively unobtrusive, yet more reliable manner.

Following the scope of the thesis, this chapter will focus on the
cognitive and behavioural aspects of the museum visit; for a broader
overview, including the social and the aesthetic aspects, see the work
by Kirchberg and Tröndle (2012).

4.1 observational visitor studies

Systematic investigations of the visitor behaviour started as early as
in 1928. Robinson (1928) conducted a set of comparative museum-
based observations in accordance to a list of predefined, standardised
rules (such as when to assume that a stopping person is attending
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to the nearby picture). Tracking and observations were conducted
secretly on randomly chosen visitors, timed with stopwatches, and
recorded in notebooks (Robinson, 1928). Timings recorded in mu-
seums (such as total time inside, time of engagement with each pic-
ture, number of pictures skipped) were supported with laboratory-
based experiments on separate groups of students (Robinson, 1928).
In relation to artwork locations, Robinson (1928) emphasised the im-
portance of a picture’s isolation, especially for smaller pictures which
are not formally predisposed to attract more attention. By varying
the number of pictures presented to participants for simultaneous
viewing in a laboratory, he found that the time spent on observing
a single picture does not decrease proportionally to the number of
presented artworks. He suggested, that isolation is only effective in
lengthening the viewing time, if it is ‘complete’; that is, if only one
picture is present in the viewing field.

Rules of recording and engagement measures developed by Robin-
son for many decades formed the basis of the most popular research
approach to studying human behaviour inside museums. Melton
(1935) for instance, used very similar observational techniques and
used the term ‘competition’ to suggest that paintings fight for visit-
ors’ attention in a museum setting. This followed an observation that
people stop in front of smaller number of paintings, as the number of
artworks in a gallery space is increased (Melton, 1935).

Many of these early findings were revisited by Bitgood (1991) when
observational visitor studies gained significant popularity in the 1990s,
mainly in the United States (for a historical review see Tröndle,
Greenwood, Kirchberg & Tschacher, 2014).

In one the most impactful works from that period, Falk (1993)
tracked over 300 visitors of the same science exhibition, in two ver-
sions of spatial arrangement: ‘structured’ and ‘unstructured’. Vis-
itor’s path, use of exhibit elements, time spent inside, and approxim-
ated (by the investigator) demographic details were recorded. Parti-
cipants showed better understanding of the material seen in the ‘un-
structured’ version and expressed less negative comments than those
who experienced the same material arranged in a ‘structured’ way.
The significant disadvantage of the study is the method of interpret-
ation of the open-ended questionnaires which assessed visitors’ level
of understanding. It did however link the notion of a flexible spatial
setting with some earlier theoretical suggestions on the importance
of empowering the visitors in their explorations and interpretations.

Beverly Serrell (Serrell, 1997, 2011) took a broader view on mul-
tiple empirical studies of museum visitors. She identified the most
repeatable patterns in visitor behaviour, observed by multiple au-
thors (e.g. by Bitgood, 1991). These include the visitors’ tendency
to turn right, more attention given to the beginning than the end of
the exhibition, or ineffectiveness of centred ‘island’ exhibits. Her gen-
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eral observation is that visitors often leave museums at the very first
opportunity they happen to be near the exit, and that the time they
spent attending to anything is extremely limited (Serrell, 1997). As
the author noticed however, the majority of this empirical data suf-
fers from low transferability and generalisability, as it tends to derive
from separate case studies. For this reason, Serrell (1997) made an
attempt to synthesise the variables relating to visitor attention inside
museums, with the particular focus being on science museums. She
developed two measures of museum performance:

• Percentage of Diligent Visitors (%DV), which is the proportion of
users who pause in front of more than half of the exhibits, and,

• Sweep-Rate Index (SRI), which is the ratio of mean time spent
by visitors inside the museum divided by the exhibition area,
resulting in a square-feet-per-minute ratio allowing to compare
buildings of various sizes.

A meta-analysis was conducted and a large database consisting of
over 100 cases constructed on the basis of the relation between %DV
with SRI (Serrell, 1997, 2011). This allowed to investigate the current
standards in the museum field and seek for the common characterist-
ics of the exhibitions which place exceptionally bad, or exceptionally
well on this scale. For instance, larger exhibitions were shown to be
walked through faster, on average (Serrell, 1997, 2011).

Most recent technological advancements provided new opportunit-
ies to confirm these findings. Passively switched on Bluetooth devices
were used to track visitors in Louvre by Yoshimura, Girardin, Carras-
cal, Ratti and Blat (2012). It was shown, that those participants, who
travelled through less areas, spent more time in the museum than
those who ‘rush through’ many spaces (Yoshimura et al., 2012). Des-
pite the fact that the authors do not provide an explanation for this
finding, it does stay in line with the summaries of earlier observa-
tional studies (Serrell, 1997, 2011).

The main reason for the lack of explanation is that observational
studies which formed the basis of Serrell’s dataset cannot account for
the specific factors causing the overall effect. In observational studies,
attention is only assumed to be given to an object when the visitor
pauses in front of it. This discredits all attentional interactions taking
place while walking and cannot reliably account for co-visibility of
multiple objects. Serrell’s measures neither take into account that SRI
can vary for separate sub-parts of the exhibition, depending on its
attractiveness, or layout. As these variables fail to explain the local
characteristics of successful exhibitions, they might serve well as a
comparative tool differentiating individual museums, but it is unclear
how they can contribute to the design of new successful exhibitions.

In an effort to expand Serrell’s ideas, Bollo and Dal Pozzolo (2005)
observed 357 visitors in three different museums in Italy and asked
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the observed individuals to provide questionnaire answers. The ana-
lysis of those suffer from subjective interpretation and remain specu-
lative. However, an important contribution of this work is that it at-
tempts to visualise different behavioural patterns on the layout of the
exhibition as ‘hot’ and ‘cold’ exhibition areas. This tackles the need
for assessing visitors’ engagement on the level of individual exhibits,
although the potential influence of space is here strictly connected
with the influence of the individual artworks and therefore the res-
ults remain case-specific. Moreover, the method is not replicable due
to the subjective character of the estimations (Bollo & Dal Pozzolo,
2005).

Another approach oriented on local properties of individual exhib-
its was taken by J. K. Smith and Smith (2001) who timed visitors view-
ing paintings, trying to relate these patterns to their age, gender, and
group size. Despite some flaws common to this type of observations
(e.g. inability to distinguish reading labels from viewing pictures),
the authors found a significant difference between viewing times of
individual paintings (J. K. Smith & Smith, 2001). Also, it was ob-
served that the viewing behaviour demonstrated a repeatable pattern
consisting of two phases:

• the initial period of viewing shorter than 10 seconds, when (sup-
posedly) the decision is being made about stopping or progress-
ing forward,

• and the period of stopping and diligent viewing, averaging to
about 30 seconds per picture.

However, the inability to control for label reading times makes
these exact numbers questionable. Even the entire relationship between
two viewing phases could be untrue if a consistent bias in human
preference for reading labels were shown. This is especially concern-
ing considering that labels tend to attract significant proportion of vis-
itor’s attention (Bitgood, 1991; Bitgood & Patterson, 1993; Bourdeau
& Chebat, 2003). On the contrary, the potential influence of the gal-
lery’s layout could adopt distinct patterns for each of those qualitat-
ively distinct viewing phases.

The two viewing phases distinguished by J. K. Smith and Smith
(2001) should not be confused with the ones identified in laboratory-
based studies. J. K. Smith and Smith (2001) had only the chance to
observe their participants’ whole-body locomotion. Thus, it is diffi-
cult to make assumptions of the attentional mode exhibited by the
viewer at any given moment. However, the fact that participants ten-
ded to stop to examine pictures for longer than 10 seconds is an
observation which has not been reliably measured before.
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4.2 towards user-centric exhibition design

The need for consolidation of often similar case study findings has
prompt researchers to propose more generic models, accounting for
multiple factors affecting the visitor’s engagement with an exhibit.
These models look at the museum experience in the context of learn-
ing. This is often very different from an art gallery experience where
the curator’s focus rarely lies on teaching per se. In fact, even in
science museums visitors have no obligations to learn anything (Ser-
rell, 1997). What does connect these approaches however, is the fact
that learning is a consequence of diligent cognitive engagement with
the exhibition’s elements. If such engagement is desired by art gallery
curators, factors which contribute to it should be carefully considered.
Even if the final visitor experience is much less predictable compared
to learning environments.

Falk and Dierking (2004) suggested to divide these factors into
three contexts:

• Personal Context is affected by visitor’s motivation, prior know-
ledge, and the ability to utilise one’s preferred choice while
structuring own learning experience.

• Sociocultural Context is influenced by the relations within the
group visiting a museum together and can be facilitated by ex-
ternal moderators (such as museum staff).

• Physical Context can affect the learning experience by facilitat-
ing whether people feel oriented (instead of disoriented) in the
novel museum setting, whether exhibits are well-designed, and
by providing contextual references that will reinforce the new
knowledge after the visit.

Another widely acknowledged model for informal science learn-
ing environments, is the Attention-Value model proposed by Bitgood
(2010). He suggests that attention inside a museum setting is a con-
tinuum consisting of three stages: capture, focus, engage. According
to the author, various factors have an impact on each phase. For in-
stance, it is hypothesised that attention is captured in a different way
(either ‘sequential’ or ‘simultaneous’), depending on the layout and
organisation of the exhibition. According to Bitgood (2010), clearly
organised sequence of the exhibition must result in longer visual en-
gagement and better understanding of the exhibits. When the organ-
isation of the exhibition leaves more freedom of choice to the viewer,
the author suggests this will result in ‘spotty focused’ attention. He
suggests that stimuli should be placed in a way in which they do not
draw attention from one another and result in equal viewing chances
of capturing the viewer’s attention. Once attention is captured, Bit-
good (2010) writes, it will be focused for a few seconds more on an ob-
ject, if it is isolated from other artworks. The last stage of engagement

63



cognition in the wild . . . art gallery

is less dependent on spatial factors, and involves subjective factors of
the feeling of immersion and making meaning. The model assumes
this is based on perceived value of each element of the exhibition. This
value would be implicitly calculated by the visitor as a ratio of poten-
tial satisfaction divided by its costs (such as time and effort required
to engage). Such a perspective is a continuation of the 80-years old in-
terpretations made by Melton (1935). Bitgood, McKerchar and Dukes
(2013) revisited Melton’s results suggesting that it is not only the per-
ceptual competition of the pictures that decreases allocated attention,
but the engagement’s potential value being perceived as higher when
one becomes more selective. The mechanisms responsible for this se-
lection are suggested to be perceptual distraction, object satiation, fatigue,
and selective choice. As Bitgood et al. (2013) admit however, the empir-
ical data confirming their reinterpretation is scarce, and despite their
attempt to unify multiple research findings under one explanatory
model, both the explanations and the proposed guidelines for exhibit
designers remain speculative.

Bitgood’s work, similarly to Falk and Dierking (2004), was also
based on science museums, but in its particular case the difference
between this context and art galleries becomes more problematic. The
idea of ‘value’ and ‘cost’ presented by Bitgood might not be relevant
in relation to art, as both of these factors would be highly depended
on the personal preferences and difficult to interpret or quantify in
any manner.

Another problematic aspect of the model is the assumption that
every person coming into a museum does so with very limited cog-
nitive resources and the default goal of leaving it as soon as possible
in order to preserve those resources (similar views were represented
by Serrell, 1997). Designing highly engaging exhibits would then be
barely the means of slowing the visitor down on his or her way to
the exit, for which reason also sequential structuring of the exhibi-
tions was recommended (Bitgood, 2010). Such understanding of the
visitor experience is speculative and there are views contrary to it.
Museums were, for instance, interpreted as restorative environments
(Packer & Bond, 2010) which would bear quite the opposite claim -
that visitors’ mental resources restore, and not exhaust, throughout
the museum visit.

A broader Model of the Dynamic Museum Environment (Thompson,
1990) refers to the interaction between the museum, the visitor, and
the exhibits. Thompson (1990) reviewed many of the same visitor
studies as the authors listed above and suggested that the desired out-
come of a museum visit leaves many possibilities, depending on the
museum’s scope and goals. This fact makes Thompson’s model easily
applicable to all types of museums. Out of all factors which influence
the visitor experience, only some, as he mentions, actually remain in
the museum’s control. Thompson (1990) divides those factors into
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two categories: Physical Environment and Social/Organisational Envir-
onment. The former is related to architectural properties of the exhib-
ition space, and the latter to the museum as an institution - its goals,
educational programmes, reputation, and regulations (Thompson,
1990). According to this classification, the focus of the current thesis
is purely on Physical Environment. In this respect, Thompson (1990)
names the critical architectural entities important for visitor-centred
design of exhibition spaces:

1. Accessibility;

2. The ambient environment (including distinct acoustic, thermal,
and visual elements);

3. The circulation route;

4. The relationship between architecture and exhibits;

5. Spatial relationships;

6. Symbolic variables (including building configuration, spatial
configurations, materials, the nature of illumination, color and
the nonvisual environment; Thompson, 1990, p. 79).

The specific scope of this thesis is on points 4 and 5: i.e., on the
way spatial layout affects spatial relationships between artworks, and
on the spatial properties of individual artworks.

4.3 limitations of observational visitor studies

Observational techniques underling these theories have became a golden
standard of visitor studies in the recent decades. In many coun-
tries they are a common part of the museum evaluation process—
often required by the policymakers—with up to 10% of museum’s
budget allocated towards this goal (Arnsdorf, 2010). Methodolo-
gical handbooks were published (e.g. Diamond, 1999; Yalowitz &
Bronnenkant, 2009), also by public bodies (Westat, 2010). The meth-
ods contained in the guidelines involve observations, pen-and-pencil
tracking of traveled paths (with annotations being made of ‘events’,
such as stops), timing of viewing/walking periods, surveys and self-
reports (B. L. Taylor, 2010). With the tablet technology becoming
more accessible, the process of data collection and analysis can be
computerised and simplified with an iPad application (Dalton, Con-
roy Dalton, Hölscher & Kuhnmünch, 2012). Yet, the fundamental
methods of observation used to assess the visitor’s engagement with,
and attention to an exhibitions remain largely unchanged since the
era of Robinson (1928).

These investigations have significantly contributed to the under-
standing of the process of exhibition viewing, but at the same time
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remain very limited. The reason being, they can only measure oc-
currence of an observable behaviour, or participant’s much biased
self-evaluation. Very little can be derived this way about the qual-
ity or intensity of the cognitive processes underlying this behaviour,
and resulting from it. It can be observed, for instance, that a person
looked in the direction of an artwork for a number of seconds, but
no third person observer can be sure if the visitor’s eye-sight was
actually fixated on a painting nor how the dynamic changes in this
process were facilitated by potentially co-visible objects. This fact is
threatening to the external validity of each such a study - the correl-
ation between observable viewing patterns of a visitor and the actual
viewing patterns is not perfect. The amount of error introduced to
the measure (as the majority of the reviewed papers seem to miss) po-
tentially detaches these findings from the basic theoretical concepts
which are supposed to guide the design of these studies and to which
the findings ought to contribute.

Using questionnaires, as in some studies reviewed earlier (e.g. Mc-
Manus, 1993; Bollo & Dal Pozzolo, 2005) provides no remedy, as those
typically are designed with some pre-defined outcome of the visit in
mind, in order to assess it. Open-ended questions, on the contrary,
usually relate to high-level aspects of human cognition, while in real-
ity the benefit of visiting a museum might be different for each visitor
and therefore be only ‘tangible’ at earlier stages of processing, before
interpretation (or the lack of it) takes place (Kirchberg & Tröndle,
2012).

Also, because of the case-study character of the majority of this
research, they are not able to establish a causal relationship between
artistic or curatorial actions and their impact on the visitor experience
(Tröndle & Tschacher, 2012). Combining empirical results of multiple
case studies can only be made on the common ground of more gen-
eric variables (e.g Serrell, 1997), and the theoretical models remain
speculative as no data proving their claims in a generalisable manner
is available (Bitgood et al., 2013).

As we have shown in Section 3 (p. 41), visual attention and memory
are processes highly relevant to the evaluation of the museum ex-
perience. The former process allows visitors to interact with stimuli
present in an art gallery in a non-random, selective, and directed
manner. The latter process can be indicative, post-visit, of the fact
that such an interaction took place and whether it bore any mean-
ing to the person. As the methods widely used for the measurement
of these processes origin from psychological laboratories, assessing
them reliably in a real-life setting is a challenge. As the above cri-
tique of observational studies shows, this challenge is well-known to
researchers interested in the behaviour and cognition of museum vis-
itors. Only recently, the interdisciplinary linkage between Cognitive
Sciences, Experimental Psychology, and the field of Aesthetics made
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it possible to study in depth how humans view and cognitively pro-
cess art. The most recent technological advancements made it pos-
sible to tackle the problems of observational visitor studies.

4.4 experimental aesthetics : laboratory-based approach

Term ‘Experimental Aesthetics’ emphasises the experimental approach
adopted from psychological methodology to study the aesthetic phe-
nomena. Questions guiding these investigations derived from the
belief that experiencing art—even if unique to each of us—might be
studied and described in accordance to its universal cognitive com-
ponents.

These investigations were started as early as in the 19th Century
(Fechner, 1871; Witmer, 1893) in a psychological laboratory. They
continued to develop and incorporate new techniques when Buswell
(1935) used his ‘aparathus’ to record scan paths of his participants’
eye-movement on analogue film while they examined a number of in-
dividual artworks. Some of the research questions stated by Buswell
still remain open today. He wondered, for instance, if there is any
common viewing pattern used ‘by default’ by all of his participants
while they view new pictures. He was intrigued, if such viewing
patterns would vary across different levels of art expertise, cultural
backgrounds, or instructions given at the beginning of the task. As
we have seen in Section 3.1.2 (p. 43) describing eye-tracking studies in
non-art context, those factors constitute a challenging element of even
the most recent studies (e.g. Land & Tatler, 2009). Buswell (1935) also
touched upon the influence of more visually salient picture areas - 70

years prior to the Saliency Map concept proposed by Itti and Koch
(2000), which has only recently been disregarded (B. W. Tatler, 2008).
Buswell’s research, despite technological challenges of his era, until
very recently have still constituted the most comprehensive analysis
of human eye-movement with respect to distinct cognitive and social
factors influencing the way people look at art.

We will not focus on later, individual studies, usually smaller in
scope, as their direct relevance to this thesis can be questioned by
their laboratory-based paradigm (see Section 3.1). However, the res-
ulting, more general models trying to describe the nature of the aes-
thetic experience can possibly help to explain human behaviour in-
side art galleries.

A model developed by Leder, Belke, Oeberst and Augustin (2004)
took into account the fact that the art itself has changed substantially
since Buswell’s times. Figurative paintings are no longer the sole
representation of ‘art’. In fact, abstract forms are what we expect
to encounter more in contemporary art centres. If there is anything
universal in the emergence of the aesthetic experience (what can be
observed through the oculomotor behaviour), it should remain con-
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stant across different art genres, also on the figurative-abstract spec-
trum. Leder et al. (2004) provide the framework of cognitive pro-
cesses contributing to the rise of such an experience with the main
distinction being made between automatic and deliberate processes.
During the first—automatic—stage, the authors emphasise the role
of the artwork’s perceptual features, as well as the early activation
of implicit memory processes which attempt to integrate the viewed
painting into the existing knowledge structure (e.g. by identifying its
similarity, or prototypicality). The latter, deliberate phase, involves
domain-specific expertise and contextual interpretations. By making
this distinction, the model accounts for both bottom-up, and top-
down processes involved in the functioning of our visual attention
and applies it to the aesthetic context.

In another model, largely in line with the one described above,
Locher et al. (2007), building on their own eye-tracking experiments
also emphasise the two-stage nature of the aesthetic visual experi-
ence. The authors differentiate between a quick, automated decision
(a ‘gist’), and longer, diligent viewing following later. In one of their
laboratory experiments, participants were first asked to write down
their reactions to 100 millisecond-long glance at artworks. In another
study, art viewers’ oculomotor behaviour was recorded alongside
Think Aloud Protocols1 while they were rating artworks for pleasing-
ness. The results demonstrated that the ‘gist’ participants got from a
100 ms-long glance contained not only perceptual features of the art-
work, but can also be related to its semantic meaning. When asked
to assign a pleasingness rating, participants spent 32.5 seconds on
average before doing so. This stays in line with the suggestion de-
scribed earlier by J. K. Smith and Smith (2001) who observed that half
a minute is an average period people spent in front of an artwork
at The Metropolitan Museum of Art before they proceed forward.
Locher et al. (2007) treat this as the indication of external validity of
their laboratory study. The authors also relate their finding directly to
the model suggested by Leder et al. (2004). This, when aligned with
museum-based observations also seems to suggest that art viewing
experience consists of an automatic, implicit ‘gist’ (when a decision
is being made of whether to deploy diligent attention) and a scrutin-
ised interpretation of an art piece. This would also explain, according
to the authors, how the decision about ‘skipping’ an artwork is being
made (Locher et al., 2007). The second phase of the process would be
therefore optional, although in laboratory-based studies—where the
‘cognitive aim’ is to analyse pictures in grater detail—this optional-
ity might be difficult to observe. In a real-world museum setting the
viewers’ behavioural freedom and a plethora of alternative ‘visibility
targets’ might prompt more often ‘skips’ following the gist phase.

1 Think Aloud Protocols is a research method, in which participants are asked to
verbally pronounce their thoughts as they conduct the initial task.
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This model (Locher et al., 2007) also explains how the aesthetic
value judgment is being made. Laboratory-based studies showed that
fluency of processing has a significant impact on this judgement (e.g.
Belke, Leder, Strobach & Carbon, 2010). According to Leder et al.
(2004), two types of processing fluency play role in the process: per-
ceptual and cognitive fluency of processing. In this model perceptual
fluency makes its impact at the initial stage, after which cognitive flu-
ency is assessed, judgment of which can override the initial, perceptual
one. The model therefore emphasises the dynamic process-like char-
acter of the aesthetic experience.

According to this statement, perceptual fluency’s influence can rel-
atively easily be measured in a laboratory-based experiments, by lim-
iting the time a picture is presented. However, it is unlikely to be
of major importance in a real-life museum situation, where each per-
son can view artworks for long enough to allow cognitive fluency to
dominate one’s judgment.

What the laboratory-based studies showed with confidence, is that
the process of viewing art is significantly different from viewing
everyday scenes, both perceptually and cognitively. It is because art
provides ‘a particular processing challenge’ (Belke et al., 2010, p. 221)
which emphasises the influence of processing fluency. It is this reason,
why the role of presentation quality in the museum context should
be so pronounced. Appreciating art is a resource-demanding activity
sensitive to numerous factors that can enhance, or inhibit it. Spatial
factors are, as we here argue, one of the most important of them.

It is important to note at this point, that viewing times, despite
some previous assumptions, seem not to be correlated with aesthetic
judgments (Isham & Geng, 2013). The above described characterist-
ics of the ‘aesthetic experience’ do not therefore explain which objects
are ‘liked’ more based on the oculomotor behaviour of the viewer. As
Isham and Geng (2013) demonstrated, longer viewing instead pre-
dicts which object will be chosen in response to the experimental
task.

4.5 experimental aesthetics : museum-based approach

Leder et al. (2004) emphasised how important it is to consider that
the aesthetic experience might differ in and out of a psychological
laboratory. It is an inseparable element of this phenomena that it oc-
curs in a ‘safe’ environment of the art gallery. This argument adds
up to the previously reviewed importance of considering ‘cognitive
goals’ while studying human visual attention and memory. Any ex-
periment aimed at explaining this experience must ensure that the
participants’ cognitive goals are as close to a real-life gallery visit as
possible. Possibly the most reliably mean of achieving this is to con-
duct such studies in the actual art galleries.
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With the progress of technology, aesthetic phenomena could only
just now be measured reliably outside the laboratories. In a recently
completed 5-year long project titled ‘eMobility - mapping museum
experience’ (Kirchberg & Tröndle, 2012; Tröndle, Greenwood, Bitterli
& van den Berg, 2014; Tröndle, Greenwood, Kirchberg & Tschacher,
2014; Tröndle & Tschacher, 2012; Tröndle, Wintzerith, Wäspe & Tschacher,
2012; Tschacher et al., 2012), an interdisciplinary team of psycholo-
gists, artists, curators, and computer scientists aimed at identifying
physiological changes which occur in the human body while viewing
art in a real-life museum setting. The underlying idea being, that such
physiological bodily reactions can be indicative (at least partially) of
the emotional reaction to the aesthetic experience. In this study, 576

participants entered an exhibition ‘11:1 (—3) = Eleven Collections for
a Museum’ in the Kunstmuseum St. Gallen in Switzerland. At the
entrance, potential participants were offered to wear a ‘data glove’
during their gallery visit. The device recorded the wearer’s bodily re-
actions to art, such as Heart Rate and Skin Conductance Levels (Tröndle,
Greenwood, Kirchberg & Tschacher, 2014).

These variables are known physiological correlates of the experi-
ence of beauty and cognitive implications of arousal. Heart Rate was
previously shown to increase while expressive aesthetic situations
are experienced, and decrease when novel information is presented.
Skin Conductance can be indicative of mental and emotional activation,
either positive or negative. Fluctuations in Skin Conductance correlate
with arousal, which was shown to underlie information processing
and decision making mechanisms (for a more comprehensive review
see Tröndle, Greenwood, Kirchberg & Tschacher, 2014; Tschacher et
al., 2012).

Additionally to having their bodily reactions recorded via the ‘data
glove’, participants were also asked to complete an Entrance Sur-
vey, providing demographic details, and an Exit Survey, which asked
about their thoughts on a subset of artworks from the museum. This
included three artworks pre-selected by the researchers and three
which caused significant physiological reactions to a given participant.
By comparing results of the Exit Survey with a group of participants
who was not offered to wear the glove, the authors demonstrated that
wearing the device had no significant impact on the declared exper-
ience (Tröndle, Greenwood, Kirchberg & Tschacher, 2014). Thanks
to a wireless tracking technology it was also possible to track parti-
cipants’ paths throughout the gallery and to assess their time spent
in the proximity of each artwork. This, however, was done without
considering the person’s head orientation or the eye gaze direction.

Connecting significant fluctuations in physiological measures to
the specific artwork was done based on the position tracking data.
For each artwork, a rectangular ‘affective region’ in front of it was
specified on the museum’s floor plan. These regions were drawn
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arbitrary by a team of scientists and museum staff based on their
opinion on ‘how close a viewer must approach the work to observe
it’ (Tröndle, Greenwood, Kirchberg & Tschacher, 2014, p. 12). The
physiological influence of each artwork was defined as the deviation
of Skin Conductance Level or Heart Rate by more than 2% from the
participant’s global mean within a window of 2 sec. (Tröndle, Green-
wood, Kirchberg & Tschacher, 2014, p. 15). Each time such a devi-
ation occurred simultaneously to the tracking system reporting the
participant’s position within a particular picture’s ‘affective region’,
the physiological deviation was associated with the influence of that
artwork.

Such an approach bears a major methodological flaw, which must
be considered from the viewpoint of a thesis focusing on the influence
of spatial layout on human responses to art. Firstly, being positioned
in front of an artwork is not equivalent to viewing it, especially in a
space densely filled with pictures and sculptures, many of which are
likely to remain present in one’s viewing field simultaneously. In the
research method not involving mobile eye-tracking, this could have
still been partially tackled by making path-based assumptions on the
visitor’s viewing fields (Lu & Peponis, 2014). Secondly, the size of
‘affective regions’ was different for each artwork, based on the expert
opinion about its influence area (Tröndle, Greenwood, Kirchberg &
Tschacher, 2014). Even if such judgment is accurate, different size of
the regions means that a visitor taking a random path throughout
the environment at a constant speed is more likely to stay within
the ‘affective region’ of some artworks, compared to others. This
would be registered by the biased system as a significantly different
time spent in front of various works, even if in reality the amount
of attention given to them was equal—e.g. up to 10 seconds of ‘gist’
followed by 30 sec. of diligent viewing, as it was suggested by J. K.
Smith and Smith (2001).

Despite this methodological flaw, authors did report multiple stat-
istically significant results. This might be explained by the fact that
each ‘affective region’ specified on the museum’s layout did include
the area located directly in front of the artwork. Informal observa-
tions of visitor behaviour suggest that this area is likely to be the
place of the most diligent interactions with the painting.

Principal component analysis was used to analyse the answers of
the post-visit questionnaires consisting of 19 items2. Five factors were
identified: aesthetic quality, surprise/humor, negative emotion, dominance,
and curative quality. Physiological reactions to a specific artwork ex-
plained up to 25% of variance in scores on those factors. This means,
that it could have been partially predicted how a given person will

2 Principal component analysis is a statistical method which transforms correlating
items of a questionnaire into non-correlated ‘principal components’, or ‘factors’.
These are likely to reflect more general variables, less dependent on the biased un-
derstanding of each specific questionnaire item.
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assess each painting on a 19-item long questionnaire of descriptive
adjectives (Tröndle & Tschacher, 2012) based on the physiological re-
actions alone. It could be argued to what extent such a limited set of
words can actually represent the ‘aesthetic experience’ with respect
to all its complexity. The authors do, however, provide a satisfying
conclusion in relation to art theories which typically argue agains
attempts of quantifying the artistic phenomenon. The aesthetic ex-
perience, according to Tschacher et al. (2012) cannot be entirely re-
duced to known physiological measures - which is a finding opposite
to neurobiological reductionism. Their results show, however, that to
some extent, qualitative art theory discourse has empirical grounding
and is a research direction requiring further investigations (Tschacher
et al., 2012).

Other analyses, among other findings, revealed significant negative
influence of conversations and walking in groups on the picture’s im-
pact (Tröndle et al., 2012), the influence of artwork’s dominance factor
on Skin Conductance Levels (Tröndle, Greenwood, Bitterli & van den
Berg, 2014), and the lack of influence of picture’s fame on its physiolo-
gical impact (Tröndle & Tschacher, 2012). Yet, they cannot be gener-
alised without caution, as they suffer from the methodological flaw
described above. This did not allow the researchers to reliably assess
the actual physiological impact of each individual artwork without
separating it from the potential influence of other objects in space.

4.6 experimental aesthetics and the curatorial arrange-
ment

The authors of eMobility study also attempted to predict aesthetic
judgment of individual artworks based on their location in space,
which could be of direct relevance to this thesis’ research question.
Tröndle and Tschacher (2012) demonstrated that the rating of aes-
thetic quality decreased as participants moved further along their path
through the linearly organised museum space. Instead of the intuit-
ively assumed ‘museum fatigue effect’3 the authors suggest an altern-
ative explanation: the curatorial organisation of the museum space
only allowed for linear movement through it. At the same time, place-
ment of artworks in subsequent subspaces was based on chronology.
Tröndle and Tschacher (2012) suggest it is therefore not the ‘museum
fatigue effect’ that caused works seen later to be judged lower, but the
style of those artworks. The authors admit that modern art might be
inadequately described by the questionnaire items contributing to the
aesthetic quality factor (Tröndle & Tschacher, 2012). This aspect of the
research setting remaining out of the experimental control makes it

3 ’Museum fatigue effect’ predicts decreasing interest in artworks encountered further
along museum visitors’ walking paths.
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unachievable to draw any causal relation between the spatial location
of a painting and its potential physiological impact.

Another approach administered by the authors of eMobility pro-
ject involved making 4 curatorial interventions to the museum space,
keeping the rest of the setting unchanged (Tröndle, Greenwood, Bit-
terli & van den Berg, 2014). Each situation was kept in place until
at least 100 participants had the opportunity to experience it. This
allowed for each group to grow in number in order to compare them
statistically and indicate the effect of small spatial modification on
the visitor experience across those groups. One such intervention in-
volved hanging a single picture in the foyer, just above the entrance
door to the ‘official’ exhibition. The title of the exhibition and part
of the exhibition space could be visible through the doorway above
which the picture was experimentally hung, but the difference in en-
vironmental context was immediately noticeable. Due to the lack of
eye-tracking technology it is impossible to assess whether the pic-
ture was noticed by the visitors or not, yet the analysis of physiolo-
gical data clearly showed that the distribution of arousal immedi-
ately changed after crossing the doorway. No significant pattern of
physiological reactions was identified in front of it, where the ex-
perimental picture was hung. This situation was repeated with a
different, very distinct, picture and it did not show a significant dif-
ference to a situation where no picture was placed above the doorway.
This finding Tröndle, Greenwood, Bitterli and van den Berg (2014) in-
terpret as an empirical evidence of the importance of the museum
context. It is suggested that this context enables an ‘aesthetic viewing
mode’ - a state of increased attention triggered by the awareness of be-
ing inside an art exhibition, where things are displayed to be viewed
and experienced (Tröndle, Greenwood, Bitterli & van den Berg, 2014;
O’Doherty, 1986).

Ignorance towards the museum context has been a major point of
critique towards many laboratory-based studies in experimental aes-
thetics (Tröndle & Tschacher, 2012). Many other aspects, equally
important to the aesthetic experience are ignored not less often. This
includes the ‘aura’ of originality (Benjamin, 1968), the impact of ori-
ginally intended curatorial arrangement (as opposed to a set-up de-
veloped by the researchers), or material and non-visual properties
of the setting (Levent & Pascual-Leone, 2013b). This might explain
why scientific findings in the field of experimental aesthetics are of-
ten ignored by the artistic community (Tröndle & Tschacher, 2012).
Close collaboration with a working art museum and its staff allowed
eMobility researchers to partially account for these factors.

Other curatorial interventions facilitated by Tröndle, Greenwood,
Bitterli and van den Berg (2014) involved rehanging individual pic-
tures on the walls in order to enhance their visual salience in rela-
tion to the surrounding paintings. For instance, a nude portrait was
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introduced in-between landscape paintings sequentially hung on a
single wall (Tröndle, Greenwood, Bitterli & van den Berg, 2014). It
was expected that—compared to the same wall containing the ori-
ginal landscape sequence—–the introduction of nude will create ‘a
centre of attention’, indicated by intensified physiological reactions.
Surprisingly, the opposite happened. The version of the wall with
the nude, created a pattern of diffused arousal along the whole wall,
whereas the original landscape-only sequence generated distinguish-
able ‘centres of interest’ in front of each picture. Referring to the art
theory Tröndle, Greenwood, Bitterli and van den Berg (2014) suggest
this situation might have been caused by the fact that hanging similar
pictures next to each other gives them comparable, non-hierarchical
prominence. This could ‘suggest’ the visitors to treat them as indi-
vidual pieces, and therefore induce discrete reactions to each of them
separately. Conversely, introducing a highly distinguishable piece
might have created a hierarchical structure and ‘suggest’ the visitors
to view the sequence of individual works as a connected one (in this
case, like a triptych). This would potentially encourage viewing it
as a whole, from the distance, and therefore from a more diverse
set of possible locations, perhaps without even stopping in front of
any of its parts for longer (Tröndle, Greenwood, Bitterli & van den
Berg, 2014). As noted in historical reviews, such an effect can be
further enhanced by long, narrow exhibition areas and rhythmically
dispersed hanging locations (Newhouse, 2005). Due to the method-
ological limitations described earlier, this explanation could not be
proven empirically by Tröndle, Greenwood, Bitterli and van den Berg
(2014).

Based on a number of similar interventions, Tröndle, Greenwood,
Bitterli and van den Berg (2014) conclude that highly salient works do
not create individual ‘force fields’ (what authors call areas potentially
prompting increased physiological reactions). Yet, they have the po-
tential of doing it within a particular spatial arrangement. It remains
unclear from this study, what would be the distinguishing element of
such arrangements.

One generalisable finding resulting from these quasi-experimental
spatial modifications was the confirmation of the primacy effect in the
museum context (Tröndle, Greenwood, Bitterli & van den Berg, 2014).
We reviewed this effect earlier in Section 3.2.1 in respect to picture
memory studies. As eMobility researchers noticed, no matter which
artworks were hung, and how the sequence of their hanging was
shaped, it was usually the first painting of the sequence that attrac-
ted most distinctive physiological reactions in its vicinity (Tröndle,
Greenwood, Bitterli & van den Berg, 2014). Yet again, without eye-
tracking data it can be questioned whether it was the impact of the
individual artwork, or if participants’ level of arousal increased every
time they approached a large number of new stimuli. In a linearly-
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organised museum space, the appearance of yet-unseen paintings in
one’s viewing field can be highly correlated with entering into a ‘force
field’ of the first picture in a new sequence. A corridor-like struc-
ture of the Kunstmuseum St. Gallen with multiple perpendicularly
aligned narrow subspaces creates high possibility of such encoun-
ters, while the visitor’s head orientation after turning a corner is in
fact unlikely to remain directed towards the nearest hanging picture.
The need to compare this potentially biased finding with eye-tracking
data was expressed by the authors themselves (Tröndle, Greenwood,
Bitterli & van den Berg, 2014).

4.7 mobile eye-tracking inside museums

Visual information is a predominant stimuli we direct our attention
to in an art gallery setting. It can be accessed and interpreted at a
distance and therefore remains partially dependent on, but not fully
predictable from the participants walking path. This fact makes mo-
bile eye-trackers a tool with unique potential for studying human
attention inside museums. As we mentioned earlier, it is not entirely
obvious to what extent our oculomotor behaviour reflects the under-
lying cognitive processes. However, the existing theoretical and em-
pirical background constitutes the use of this method in a plethora of
studies, in diverse contexts (Holmqvist et al., 2011).

Only recently, the availability of mobile eye-trackers has made it
possible to utilise this technique outside psychological laboratories.
In the museum context, for the first time this has been most likely
done by Wessel, Mayr and Knipfer (2007). In this exploratory study
the authors tracked eye movement of three students in a mini-exhibition
on nanotechnology. The recorded scanpaths have been classified ac-
cording to the ‘category’ they belonged to, where a single block of text
or a separated graphic constituted a discrete category. Participants’
eye movement was analysed in a predominantly qualitative man-
ner, but some recurring patterns were identified. Firstly, participants
seemed to analyse the related parts of the exhibition in a success-
ive way, altering between thematically linked ‘categories’. Secondly,
two modes of looking at the exhibits were identified by the research-
ers: participants tended to visually skim larger area (e.g. an entire
wall), to then analyse particular exhibits in this area in detail (Wessel
et al., 2007). No details are provided on how these measures were
operationalised, although such oculomotor behaviour would be con-
sistent with the idea of a ‘gist’ followed by diligent viewing. This was
earlier investigated in observational visitor studies (Section 4.1) and
laboratory-based art viewing research (Section 4.4).

In a later paper further analysing this study, E. Mayr, Knipfer and
Wessel (2009) go into details of some identified limitations of mobile
eye-tracking in the context of museum-based research. Obtrusiveness
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of measurement is one of such concerns, as the fact that the person is
wearing an eye tracker might affect how he or she behaves in space.
This might not need to be so crucial in terms of the visual restrictions
(the equipment used does not limit the viewing angles in a way any
different from a large pair of glasses), as of the participants’ aware-
ness of their reactions being recorded. In a similar context, the eMo-
bility project (Tröndle & Tschacher, 2012) has already shown that a
highly sophisticated ‘data glove’ did not affect the way participants
responded to art. Not only were the bodily responses gathered by the
glove much more detailed, but eye movement is also a more control-
lable (and therefore less exposing) reaction than Heart Rate, or Skin
Conductance Levels. Therefore the need for further control of this po-
tentially confounding variable has been rejected in the current thesis.

Another concern related to the obtrusive presence of a mobile eye-
tracker are the potential reactions from other gallery visitors (E. Mayr
et al., 2009). In the context of this thesis, this is a viable concern in
one out of three studies conducted - the one during which other vis-
itors were present in the gallery. However, the nature of the potential
experimental confound resulting from the dynamic visual, and non-
visual, social interactions in a museum space lies beyond the scope
of this work. Since the focus was on viewer-centred measures, it was
controlled how often participants looked at other people. Yet, without
a specially designed experimental procedure it is impossible to estab-
lish how other people’s reaction to seeing the participant wearing a
mobile eye-tracking device might have affected this participant’s be-
haviour.

Other concerns regarding the utility of mobile eye-tracking for museum-
based studies are related to its technological imperfectness (temporal
and spatial inaccuracy), ethical concerns, and laborious data analysis
(E. Mayr et al., 2009). In the current thesis, ethical considerations
were tackled with ethical clearance from the departmental committee
(Appendix C), and technological limitations were taken into consid-
eration during the data analysis (Appendix A). The precision of the
device was fully satisfactory for the required purpose, as we will see
in Section 8.

In another early museum-based eye-tracking experiment, Heiden-
reich and Turano (2011, 2010) asked four participants to view four-
teen paintings in Baltimore Museum of Art. The paintings were
pre-selected by the researchers (in a randomised order for each parti-
cipant), and the starting position for viewing each artwork was pre-
defined in front of it. After opening their eyes at this starting position,
participants were free to walk around the painting to adjust the view-
ing angle. Researchers were particularly interested in the specific
painting areas which were investigated for longer. No significant cor-
relations were found between eye fixations and the painting’s ‘sali-
ency map’ (Itti & Koch, 2000), nor between viewing times and the

76



4.7 mobile eye-tracking inside museums

subsequent aesthetic judgments of the artworks (Heidenreich & Tur-
ano, 2011). It is not within the scope of this thesis to consider which
elements of artworks are looked at more often, although one relevant
finding was that those patterns changed over time. This is consist-
ent with the idea of the aesthetic experience emerging in a dynamic,
process-like fashion, as described in Section 4.4.

In a recent work, Eghbal-Azar and Widlok (2013) conducted a mo-
bile eye-tracking study on two groups of 8 participants in two sep-
arate science exhibitions. Half of all participants were experts in
the exhibition subject. Following the visit, participants were inter-
viewed, and an opportunity to discuss the eye-tracking recordings
was provided (a method called ‘Retrospective Thing Aloud Protocol’).
This allowed the visitors to contribute additional insights to the pat-
terns of eye movement observed by the researchers. Despite not re-
porting any specific results and only a preliminary character of the
provided analysis, (Eghbal-Azar & Widlok, 2013) notice the potential
of mobile eye-tracking for discovering ‘exhibition visit scripts’. The
term is used to describe a sequence of viewing, repeating across vis-
itors on the local or global level of the exhibition. The current thesis
argues, that such visit scripts could be partially controlled by the spa-
tial layout of the gallery.

Most recently, Brieber, Nadal, Leder and Rosenberg (2014) used
mobile eye-tracking to investigate the influence of ‘the museum con-
text’ on viewing artworks. The authors asked two groups of 21 parti-
cipants to view the same art exhibition either in an art gallery, or on
a computer screen in a psychological laboratory. In both conditions
participants were allowed to spend as much time as they felt neces-
sary looking at each picture. They were also free to approach pictures
closer (or zoom on them in the laboratory-based condition), although
the sequence of viewing was predefined. The authors hypothesised
that more focused art viewing mode in the museum setting will cause
longer viewing times per picture. As the results showed, even though
time spent reading labels did not differ across the two conditions, the
difference in time spent on viewing the actual pictures was signific-
antly different, with participants inside the museum viewing them for
longer on average. Viewing time was also associated with question-
naire answers regarding appreciation, ambiguity and understanding
of the viewed art.

From the viewpoint of the current thesis, this works suffers from a
significant limitation. The authors do not account for the spatial as-
pect of the museum experience in the computer-based viewing task.
Two experimental conditions differ not only on the level of their ‘con-
text’ but also in terms of the actions required to view each artwork.
Thus, the causal mechanism between ‘the museum context’ (i.e. the
awareness of being in the real art museum) and viewing pictures for
longer cannot be drawn from this study. Alternative explanations as-
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sociated with the spatial aspect of the experience are likely to account
for the difference. For instance, the spatial setting most likely involves
viewing pictures from multiple distances and angles, which can res-
ult in longer time necessary to process them. The speed and effort
of locomotion are likely to further modulate this effect compared to
a situation where all it takes to instantly zoom on a chosen picture is
the press of a mouse button. The role of the current thesis in relation
to the above study is to account for these spatial factors.

The relationship between appraisal of artworks and their viewing
times demonstrated by Brieber et al. (2014) is also relevant as it in-
dicates the top-down nature of visual attention during art viewing.
In reality, however, this process is most likely reciprocal (Neisser,
1976): as much as higher appraisal of art causes longer viewing times
(Brieber et al., 2014), longer viewing times might foster the develop-
ment of the aesthetic experience and cause higher appraisal (Leder et
al., 2004). Thus, the influence of spatial layout can take both ‘bottom-
up’ and ‘top-down’ forms. The former occurs each time a human
viewer, due to his or hers biological constrains, looks longer in a spe-
cific direction compared to any other direction in space. This is likely
to occur, for instance, at all areas where longer navigation perpendic-
ular to the wall’s surface is required to progress through space. Due
to the location of our eyes in front of the head, the ‘default view-
ing mode’ during human locomotion is to fixate on elements aligned
with the plane of progression (Hollands et al., 2002). This fact could
possibly be exploited by the curator to attract more attention to a
specific artwork. The ‘top-down’ influence is likely to occur in two
ways. Firstly, if the ‘default cognitive task’ of viewing pictures, which
is associated with the gallery visit overcomes the default oculomo-
tor behaviour during locomotion and modifies it. Secondly, when the
prominence of a picture’s spatial location is sensed by the viewer, thus
arousing his or her interest and resulting in longer viewing times for
that particular artwork.
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5

T H E I N F L U E N C E O F S PAT I A L L AY O U T

Previous sections have looked at the importance of engaging the vis-
itor into a meaningful, cognitive interaction with the exhibits and at
how this can be assessed empirically through studying visitor’s atten-
tion and memory. This section will review studies investigating how
this engagement can be facilitated by the exhibition’s spatial layout.
This is especially important in the context of modern ‘white cube’
art spaces, deprived of any potentially distracting visual stimuli. In
such an environment, the walls’ arrangement is likely to be the most
impactful tool available to the curator.

Firstly, we will briefly review the current practices and guidelines
for art exhibition layout design and point out their non-generalisability.
We will then consider methods which can describe space on the ab-
stract level and help to generalise spatial properties of museum spaces.
The most relevant methods will be reviewed in parallel with chosen
architectural case studies of the existing museum spaces. The section
will conclude with an evaluation of studies aiming at establishing a
link between those abstract spatial properties and the human cogni-
tion.

It is this thesis’ primary goal to establish such a connection in the
context of the art gallery experience. Knowing how the relevant spa-
tial properties influence human cognition in these spaces, can be a
tool potentially beneficial to any curator interested in designing ex-
hibitions with the goal of encouraging meaningful cognitive interac-
tions between the visitor and the art.

5.1 current practices

There appear to be two primarily recognised functions for the art
gallery’s spatial layout considered in the curatorial theories (Vergo,
1989b):

1. to facilitate the curatorial narrative of the exhibition, or com-
municate a predefined message (e.g. Newhouse, 2005; Psarra,
2009);
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2. to strengthen the viewers’ focus on the artworks, or his/her ‘aes-
thetic experience’ (e.g. McLean, 1993; Pallasmaa, 2013; Tröndle
et al., 2012; Psarra, 2009).

This impact of spatial layout is possible as the layout defines phys-
ical boundaries imposed by the walls on the visitors’ visual and loco-
motive ability to explore the otherwise internally unrestricted, open
space (Hillier & Hanson, 1984; Dalton & Conroy Dalton, 2010). In
terms of navigational behaviour, this impact might for example modify
the time required to travel through space (as the shortest path pos-
sible from entrance to exit is prolonged), or the number of possible
alternative paths (e.g. Choi, 1999). In terms of the visual explora-
tion, controlling the visual access to various subparts of the exhibition
from individual points in space can influence, among other factors,
the most likely sequence of viewing, the size of the surface area from
which viewing is possible, or the potential co-visibility of multiple
objects from a single point. Each of these potential influences can
contribute to fulfilling one of the curatorial functions listed above.

Throughout the recent decades, the overwhelming majority of art
galleries has utilised the idea of the ‘white cube’ outlined by O’Doherty
(1986), and summarised so well in this paragraph:

‘The work is isolated from everything that would detract
from its own evaluation of itself. This gives the space
a presence possessed by other spaces where conventions
are preserved through the repetition of a closed system of
values. Some of the sanctity of the church, the formality
of the courtroom, the mystique of the experimental labor-
atory joins with chic design to produce a unique cham-
ber of esthetics. So powerful are the perceptual fields of
force within this chamber that, once outside it, art can
lapse into secular status. Conversely, things become art
in a space where powerful ideas about art focus on them.’
(O’Doherty, 1986, p. 14).

Even in these visually ascetic environments the influence of the
curator on the final visitor experience is substantial. It can be no-
ticed that despite a very specific atmosphere achieved in individual
‘white cube’ art galleries, the layout imposed by their planners varies.
Spatial layout provides room for curatorial interventions described
(but not limited to) the two functions listed at the beginning of this
section.

This layout’s influence is perceived intuitively, despite the lack of
initial empirical confirmation (and has been since the ancient times:
Newhouse, 2005). For instance, many curators pay exceptional atten-
tion to the doorways and areas of transition between sections of the
exhibitions (Dorsett, 2013, Personal Communication). This intuitive
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practice has only recently been reflected by empirical findings from
neurological (Zisch, Gage & Spiers, 2013), psychological (Radvansky,
Tamplin & Krawietz, 2010, 2011; Radvansky & Copeland, 2006), and
architectural studies (Franz & Wiener, 2008).

Another carefully considered aspect in the curatorial practice is the
degree of imposed linearity in the viewing sequence: while some
artists see it as an unnecessary restriction, to others it is a necessity
(Scheibitz, 2013, Public Lecture). Yet, the role of space is critical for
each of these viewpoints. It can serve curators wishing to commu-
nicate a specific message by decreasing the alternative exploration
options. Conversely, empowering visitors to incorporate their own
interpretations on the equal basis to those proposed initially, requires
even more considerate spatial planning. Otherwise, an unintended
spatial hierarchy might be introduced to the relationships between in-
dividual artworks decreasing the number of possible interpretations.

As museums vary their exhibitions, they are often forced to plan
their narratives long before the exhibits are physically built. Fund-
ing system of some countries requires every single metre of a new
wall set-up to be planned even before the content of the exhibition
is fully finalised (Saciuk, 2014, Personal Communication). Architects
are therefore often asked not only to design a new museum, or con-
vert an old building into a museum, but also to actively collabor-
ate during the preparation of spatial layouts for larger exhibitions
(Saciuk, 2014, Personal Communication). This has been occurring to
the extent at which the boundary between the architect and the cur-
ator can vanish (Pallasmaa, 2013). Yet, whether it is the artist, the
curator, or the architect who decides about the exhibition layout, the
need to consider it long before specific artworks can be hung on the
walls is evident. Hence the necessity to visualise or simulate design
alternatives, and the need for guidelines which could aid this process.

A joint publication of four British Art Councils (Sixsmith, 1999)
was aimed as a comprehensive guide to designing temporary art
exhibitions. It lists and describes many elements of the exhibition
design process. The complexity of this is understandable, as it has
to include elements as distinct as transporting artworks to the gal-
lery, ventilation facilities, and fire safety regulations. Among these,
it also includes recommendations regarding the human flow through
the building (Sixsmith, 1999). However, it remains largely technical
and focuses on the accessibility requirements, which are an important,
but not the only aspect the museum needs to spatially facilitate. The
book also recommends an exercise of ‘imagining’ the flow of visitors
through the building, and of the ways it might be facilitated. It men-
tions that the visitor experience should be enhanced by circulation
routes which provide resting areas, as well as places of ‘excitement
and delight’. Ease of wayfinding is also emphasised (Sixsmith, 1999).
However, the guide fails to recommend specific methods of simula-
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tion other than a rather non-scientific approach of imagining traffic
flows. The question of how the delight, excitement, or rest can be
facilitated by the architectural characteristics of a museum, remains
unanswered in the guidelines (Sixsmith, 1999).

Another publication aimed at aiding the curatorial practice in user-
centred exhibition design is that by McLean (1993). In the chapter
dedicated to user-centred spatial planning she recognises three ‘spa-
tial conditions’ critical in the context of the visitor experience.

First of them: harmony, is related to the orderly arrangement of the
exhibition’s elements. This is equivalent to—as the author compares
it—the feeling of ‘rightness’ McLean (1993, p. 117) when things such
as proportion, scale, and rhythm are meaningfully designed in agree-
ment with each other. For instance, the role of scale rises when dif-
ferent objects are placed close to each other. As McLean (1993) notes,
this is perceived by visitors as grouping (which is consistent with the
spatial cognition studies; e.g.: McNamara, 1986). Therefore placing
small objects next to each other supposedly enhances their relative
importance as a unit of exhibition. According to McLean (1993), this
affects the ‘emphasis’ which can be placed through design on chosen
units more over others. According to the author, it is crucial to un-
derstand the balance between too many emphasised elements (which
will distract and create chaos), and too little high-points (resulting
in uninteresting experience). One of the most potentially impactful
means of creating ‘emphasis’ is the position of the object in the exhib-
ition layout (McLean, 1993).

Second ‘condition of space’ described by McLean (1993) is atmo-
sphere, defined as multisensoral experience blending one’s feeling of
presence with the world of the exhibition (for the neurocognitive
perspective on this phenomenon see: J. Ward, 2013). As mentioned
earlier, the current thesis focuses on the visual aspect of the museum
experience.

Third ‘condition of space’ distinguished by McLean (1993) is pa-
cing. The author defines this element as the combination of the vis-
itor’s movement through the exhibition, his or her interaction with it,
and the total time spent inside (we have reviewed studies focused on
this particular aspect in Section 4.1). McLean (1993) stresses the im-
portance of spatial decision points, and considering visitor’s fatigue
during the planning process. She relates to earlier research mention-
ing the general tendency to turning right, as well as the observed
preference to take directs paths towards the exit. In respect to con-
sidering traffic flows during exhibition planning, she writes that ‘the
only fixed rule is that people will surprise exhibit planners with their
actions’ (McLean, 1993, p. 123). As we will show later in this section,
this statement is untrue. Human movement and viewing patterns can
be partially predicted and planned for, at least on the aggregate level.
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Contrary to her own statement she distinguishes between linearly
sequenced exhibition layouts and those allowing for freedom of ex-
ploration (McLean, 1993). She provides examples of how each of
them can guide visitors’ movement, but does not suggest any single
solution, mentioning that usually each exhibition is the combination
of those different approaches.

McLean (1993) also lists a number of practical suggestions in rela-
tion to planning the exhibition layout. For instance, she suggests spe-
cial awareness towards ‘hot spots’ or ‘focal points’ (also named by her
as ‘landmarks’) inside a museum. These places should be used by cur-
ators to ‘guide’ visitors through space. She does not however provide
a definition of such a ‘landmark’ and does not give any specific ad-
vices on how to use them (McLean, 1993). When it comes to the
number of objects within an exhibition, emphasising a single object is
suggested to enhance its visual importance (McLean, 1993). On the
contrary, McLean (1993) reviews studies which showed that people
prefer to look at more complex presentations. A balance is recom-
mended, but no clear answer given (McLean, 1993). Another prac-
tical suggestion is to carefully design vistas and highlighted areas.
Long lines of sight have the property of drawing people’s attention
(and consequently, their movement) towards new places (McLean,
1993). Noting the fact that space can guide visitor’s experience is
the most important contribution of McLean’s textbook from the view-
point of this thesis. As she writes, these spatial aspects can often
prove more powerful than explicit signage (which, although useful
in many situations, often remains unnoticed McLean, 1993).

Despite exemplifying the interest of Visitor Studies movement in
the spatial layout of the exhibitions and making a number of points
which will be empirically shown valid later in this Section, McLean
(1993) is not able to propose generalisable conclusions. She neither
can offer any analytical methods which could be repeatedly used to
simulate and design new exhibition spaces. Her important work rose
the awareness of the problem but did not offer a solution.

5.2 a formal description of the museum space

The eMobility Project described in Section 4.5 (Tröndle, Greenwood,
Bitterli & van den Berg, 2014; Tröndle & Tschacher, 2012; Tröndle
et al., 2012; Tschacher et al., 2012; Tröndle, Greenwood, Kirchberg &
Tschacher, 2014) was perhaps the most technologically advanced and
the largest in scope attempt to advance methodologically-restricted
observational visitor studies. It established a linkage between view-
ing art in the real-world museum setting and human physiological
reactions to this experience. This linkage is indicative of the dy-
namically changing emotional reactions as the visitors freely progress
through the exhibitions.
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Among multiple valuable results, and despite the explicit effort,
the project failed however to establish any generalisable connection
between the spatial arrangement of the exhibits and its influence on
the visitor experience. Similarly disappointing can be the fact that,
despite their almost a century-long tradition, observational visitor
studies (Section 4.1) have not led to the emergence of layout-related
guidelines which could be repeatably applied in the design of new
exhibitions (despite suggestions that this is an important area for
curators’ consideration, e.g. McLean, 1993). One of the reasons for
this limitation remaining yet to be tackled is the operationalisation of
spatial influence at a rather generic level, such as total exhibition area,
or the number of artworks displayed (Robinson, 1928; Melton, 1935;
Serrell, 1997); and in a holistic manner, where all properties of the con-
sidered spatial setting contribute to its ‘atmosphere’ (McLean, 1993).
The underlying theoretical view of this thesis is that the ‘atmosphere’
of any space can be described by a set of abstract properties. The ex-
treme view on this would assume that any space can be described by
a set of variables together with their values, and subsequently replic-
ated anywhere else. The ‘atmosphere’ of such a replication, together
with the emotional reactions and behavioural patterns of its visitors
would be predicted to be equal to the ‘original’. Metric dimensions
are the example of such variable probably the most familiar to anyone.
However, the previously described research on spatial cognition has
put in doubt whether this is the most psychologically relevant aspect
of space we are sensitive to (Section 3.2.2). Space can be described by
a set of less obvious variables, potentially much more relevant to how
humans perceive and comprehend it.

One of the methods allowing for formalising the aspects of space
which are relevant to the visually rich experience of an art gallery ex-
ploration, is Space Syntax. Conceived by Hillier and Hanson (1984), it
initially linked the formally described built environment with the so-
cial interrelations of its dwellers. Methodologically, Hillier and Han-
son (1984) proposed to represent the layout of the environment in the
form of a graph. Such a form, independent of metric parameters, al-
lowed the researchers to calculate mathematical and logical relations
between parts of a larger layout. It also allowed them to compare
multiple layouts against each other on the dimensions represented by
these formal calculations. Many of the original Space Syntax meas-
ures have been refined, or modified for new purposes. Most import-
antly however, this formal way of thinking about abstract aspects of
the built environment constituted a platform for the development of
new measures. Let us now take a closer look at the underlying meth-
odological contributions being of the highest relevance to this project.

We will start with the concept of isovist, which is older than the
theory of Space Syntax itself (for a comprehensive historical reference
see: Montello, 2007) and has been popularised under this name and
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Figure 5.1.: Two sample isovists derived from separate locations; dif-
fering by area and shape.

usage by Benedikt (1979). Isovist is a 2-D or 3-D polygon bounding
the area potentially visible from the reference point located in that
space. This thesis will consider 2-D isovists only, as the majority
of works contributing to its theoretical and operational development.
Since modern art galleries tend to be uniformly differentiated on the
vertical axis, it is unlikely that 3-D analyses would yield different
results for the cases considered in this thesis.

The primary measure describing any isovist is the size of its surface
area, which is indicative of the amount of space visible from the ref-
erence point. The fact that some defined area can be seen from the
reference point, corresponds to the fact that this reference point can
be seen from all the surface area bounded by the isovist. Calculat-
ing isovist size for a picture hanging on a gallery wall will therefore
describe the metric size of the gallery space from which that picture
may be viewed. This value can then be compared to isovist area
values generated from other points in space (for example, for other
pictures hanging in the gallery).

Similarly to the area size, multiple other mathematical properties
of isovists can be calculated, just as they could be for any geometrical
figure. For instance, shape can be mathematically described with
the measures of area-to-perimeter ratio and point 2nd moment (which
is the variance of line lengths drawn from the reference point to the
polygon’s boundary). The former variable will increase, and the latter
will decrease as the isovist approaches a circular shape and therefore
they describe how ‘spiky’ the isovist is. A ‘spiky’ isovist would result
in a less stable (but potentially more varied) visual experience, where
the connection between the viewer’s eyes and the object of reference
is potentially often interrupted, for instance by walls or columns. We
will consider these and other properties in detail later.

Figure 5.1 presents two sample isovists derived from the same lay-
out.

Benedikt (1979) also presented a preliminary assumptions for the
Information-Field Theory, which aims to describe the cognitive exper-
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Figure 5.2.: Visibility Graph Analysis derived for the same layout as
above, showing Isovist areas of all points in the graph.

ience of moving through space by the change of isovists generated
from the points on the traversed route. The author gives the example
of Frank Lloyd Wright’s Guggenheim Museum in New York. He no-
tices how the famous ramp linking multiple floors throughout the
interior removes any sudden changes in the isovists’ area sizes. This,
as the author states, puts emphasis on the art presented inside rather
than the building itself, although carries the danger that the spatial
experience will become ‘vanishingly boring’ (Benedikt, 1979, p. 63).

This particular notion—of dynamically changing experience being
described by the amount of information visible from the points along
the traversed path—has been developed further. For instance, e-spaces
and s-spaces representing visually stable parts of the environment
have been proposed by Peponis, Wineman, Rashid, Kim and Bafna
(1997) but do not seem to have gained much following. Up to date,
the most significant expansion of the concept of isovist and the Information-
Field Theory has been proposed by Turner and colleagues (Turner &
Penn, 1999; Turner, Doxa, O’Sullivan & Penn, 2001). They proposed
to calculate multiple isovists generated from equally spaced locations
and describe them relatively to all other isovists in that space (a pro-
cess known as Visibility Graph Analysis, or VGA). Visibility Graph is
calculated by superimposing a grid on the analysed spatial layout.
For each grid cell, the software ‘counts’ how many grid cells can be
visible from this point, given the walls’ restrictions. This results both
in a mathematical measure of Connectivity, as well as its visualisation,
where areas visible from (and connected to) the largest proportion
of space are coloured red, and those which ‘see’ the least (and con-
currently can be ‘seen’ from the smallest proportion of space) are
coloured blue (Figure 5.2).

For the same reference point, its Isovist Area is therefore correlated
with its VGA’s Connectivity value, the only differences being the res-
olution, the method of calculation, and units used. When derived
from a reference point lying on the layout’s boundary (e.g. a paint-
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Figure 5.3.: ‘Clustering coefficient’ values in Visibility Graph Analysis
overlaid with ‘e-spaces’. Original black and white figure
adapted from Turner, Doxa, O’Sullivan and Penn (2001).
with permission from Pion Ltd, London (www.pion.co.uk
/ www.envplan.com).

ing hanging on a gallery wall), both of these measures become a
180

�isovist directed perpendicularly to the wall surface. A similar,
subsequently developed analysis is Boundary Visibility Graph (BVG).
The difference between VGA and BVG comes from the fact that BVG
calculation only considers grid cells lying along layout boundaries
and therefore its Connectivity value is not equivalent to the location’s
Isovist Area, but instead reflects the proportion of other wall surfaces
visible from the reference point. Turner et al. (2001) also demon-
strated how VGA corresponds to Peponis’ e-spaces in a gradient-like,
rather than discrete step-wise manner (e.g. Figure 5.3).

Visibility Graph Analysis and the accessible software package used
for its calculations (Turner, 2001) opened new avenues for the devel-
opment of the concept. Novel abstract descriptions of space, based
on its visibility properties can be proposed in respect to the particular
research aim. For instance, Lu and Zimring (2012) developed Targeted
Co-Visibility - a measure, which described not the total area visible
from the reference point, but the number of visible ‘visual targets’
relevant to the hospital’s intensive care unit personnel (e.g. patient
beds). So calculated Visibility Graph would then contain grid cells
differed on that dimension, providing also the visualisation of the
most strategically important parts of the intensive care unit’s layout.
In the art gallery context, this measure can describe how many pic-
tures (which constitute natural ‘visual targets’ for our visual attention
in this environment) are potentially visible from any point in space
(see Figure 5.4).
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Figure 5.4.: ‘Targeted visual connectivity’ (in this paper referred to
as ‘Targeted Co-Visibility’.). Darker colours show higher
number of visible patient beds in a hospital. Adapted
from Lu and Zimring (2012).

The often discussed disadvantage of this approach is that isovists
are usually calculated for a 360

�viewing field, and therefore describe
potentially, but never actually visible space/targets (as no person can
simultaneously explore the entire visibility field surrounding him or
her). An alternative methodology has been applied by Lu and Pe-
ponis (2014) to tackle this problem. In this study, they designed a
number of virtual reality based art galleries differentiated by the pat-
tern of co-visibility of pictures belonging to the same theme. The
authors empirically showed that participants who explored those vir-
tual galleries were sensitive to the co-visibility patterns when answer-
ing to the subsequent questionnaires about the clarity and under-
standing of the exhibits. As the experiment was conducted in the
virtual set-up, participants’ paths could be recorded and taken into ac-
count during the calculation of co-visibility measures. It was demon-
strated that those measures, which took the path and orientation of
the visitors into account, did better at predicting their responses com-
pared to the path- and orientation-independent measures based on
the assumption of 360

�viewing field (Fig. 5.5).
This finding shows that co-visibility measures are of direct relev-

ance to the curatorial design needs. It must be noted however, that
for the purpose of predicting new layout’s influence, their potential
precision is limited. Lu and Peponis’ study used path-dependent
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Figure 5.5.: Five types of ‘co-visibility’ calculated (from a-e respect-
ively) with more detailed input describing participant’s
movement throughout the virtual gallery. Adapted from
Lu and Peponis (2014) with permission from Pion Ltd,
London (www.pion.co.uk / www.envplan.com). For a
more detailed description refer to the source material.
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measures, i.e. they required the exact data on the viewer’s traject-
ory in order to make assumptions about the most likely ‘visual tar-
gets’ falling into one’s viewing field. With the use of mobile eye-
tracking device, such factual co-visibility could be established with
even greater level of precision, post-visit. The aim of this thesis, how-
ever, is to develop measures which will allow curators to make partial
simulations of the yet-unbuilt exhibitions, prior to the visit. For such
a purpose, the exact trajectories can only be estimated, and even if this
can be done with some satisfactory level of precision (Hillier et al.,
1996), further assumptions of the head orientation would likely make
those predictions rather unreliable. For this reason, the 360

�-based
assumption considering potential, but not actual co-visibility patterns
can simply reflect the theoretical limitation, beyond which no predic-
tion of highly variable human visual behaviour can be made without
overfitting the model 1. Despite the fact one could argue that some co-
viewing events are less likely to occur (e.g. the viewer instantly turn-
ing around to compare two paintings hanging in front of each other
from the location between them), they are still possible. Estimating
their exact probabilities would require a specially designed empirical
studies, results of which are likely to highly vary across contextual
circumstances, and therefore lies beyond the scope of this thesis. For
this reason, despite the fact that the current work will consider indi-
vidual viewing sequences of gallery visitors, the environmental meas-
ures used will be path-independent and based on 360

�viewing fields.
While the observed and recorded viewing behaviour can be used to
speculate why a phenomena occurred, the potential real-world applic-
ation for design predictions must be based on potential and not actual
viewing situations.

5.3 spatial relations inside museum buildings

This way of thinking about museum space has been used in a vari-
ety of architectural case study analyses based in museum buildings.
Understanding how distinct museum buildings organise exhibitions
in relation to the available space has always gathered considerable in-
terest from Space Syntax researchers. This might be the result of the
specificity of this building type indicated by Psarra (2009). Following
the ideas developed by Markus (1993), she emphasises the evolution
of museums as sites of ‘visible knowledge’. She makes the distinction
between the ‘well lit warehouse’ (referring to neutral galleries, struc-
tures of which could serve any function), and the idea of integrating
the building with the displays. As she notes, the latter trend charac-

1 In Statistics, this term is used to describe a situation in which a random component
of the predicted phenomena (or ‘error’) is being mistaken for its generalisable com-
ponent. The resulting ‘overfitted’ model therefore predicts a highly specific variation
of the generic situation. Even though the model ‘fits’ the available data better, it will
be less successful at predicting other occurrences of the same mechanism.
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terises the museums of the late twentieth century. This illustrates the
changes in architectural and curatorial ideologies (Psarra, 2009), and
shows the need for grater consideration of museum building design,
if they are ought to be fit-for-purpose.

In this section we will review architectural case studies of the ex-
isting museum buildings conducted with the analytical methods of
Space Syntax. We will focus on those studies, where the main scope
was on revealing the non-trivial architectural relations between the
museum building and the exhibitions contained in it. These works
were important for the development of relevant techniques and served
as a source of inspiration to other researchers. Later, empirical at-
tempts have been made to link some of these techniques with their
impact on human behaviour and cognition. Those attempts will be
reviewed in the last section.

The pioneering work in this respect has been conducted by Peponis
and Hedin (1982). The authors compared the spatial organisation
of two distinct exhibition spaces at the British National History Mu-
seum. One of them was designed in the late XIX century, and the
other has been a subject of major reorganisation in the late XX cen-
tury. Following their analyses, the authors concluded that the layout
of those spaces reflected the beliefs about enunciation, social organisa-
tion, and transmission of knowledge from those two epochs. Spatial
layout has been shown to be closely linked to the beliefs popular in
the given period. This finding has directed the attention of other re-
searchers to the potential cognitive impact of museum spatial layout.
A plethora of museum-based case studies followed.

For example, Tzortzi (2003) conducted isovist analysis on the ex-
tension to the National Gallery London - the Sainsbury Wing. One
suggestion made by the author was that the thematic and aesthetic
relations between the artworks (as opposed to their uniqueness) were
spatially promoted by the distribution of their visual fields. Paintings
also tended to be located at the ends of long lines of sight (Tzortzi,
2003), which often overlooked over a number of rooms. These ana-
lyses qualitatively reflect the later quantitative operationalisation of
co-visibility, described in Section 5.1.

In a further extension of this study, Tzortzi (2007) included more
buildings to demonstrate how these spatial practices differentiate in-
dividual museums. The distinction is made between those, which
impose some pre-defined meaning upon the visitor, and those allow-
ing for a rather unrestricted exploration and interpretation (Tzortzi,
2007). This particular problem has been similarly noticed in the
context of science museums: Sue Allen (2004) noted the dilemma
between allowing visitors to freely explore the space in an informal
manner while making sure they still learn anything. As Sue Allen
(2004) suggested, this should be done without enforcing a strict se-
quence of educational material and producing cognitive overload dur-
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ing interaction with the exhibits. The studies conducted by Tzortzi
(2007) show that the patterns of visibility and co-visibility might be
of particular importance to this aspect of exhibition design.

Psarra (2006, 2009) modelled visibility patterns in multiple mu-
seums to investigate how curatorial narrative is linked to the explor-
ation patterns. The distinction she makes based on those comparison
is between communicating a specific message and emphasising the
aesthetic experience.

Another link has been suggested by Zamani (2009) in the analysis
of 3 layout alternatives implemented over time on the second floor
of the High Museum of Art in Atlanta. It is demonstrated, that as
the curatorial philosophies changed, so did the spatial and visual
relations in the galleries. The major differentiating factors are sug-
gested to be the visual hierarchy and cross visibility. Their role was
to encourage, or discourage the visitors to focus their attention on a
specific artwork (or theme), as opposed to making connections across
discrete sub-categories.

These three comparative studies (Psarra, 2009; Zamani, 2009; Tzortzi,
2007) with the use of formal spatial descriptors of Space Syntax ana-
lyses confirmed the distinction drawn in Section 5.1 from the curat-
orial literature (Vergo, 1989b). There seem to be at least two major
curatorial goals that spatial layout can facilitate: strengthening the
visitors’ focus on individual exhibits, or encouraging comparisons
and cross-categorial interpretations. The contribution of the above
described studies lies in demonstrating that those two goals tend to
polarise across the entire museum building, or at least its separate
floors. Two main reasons might determine that. Firstly, a museum
building is a ‘physical container’ for the museum institution. And
these institutions tend to represent a particular set of beliefs and un-
derstanding of their public mission. Consequently, they might intend
to organise the building’s spatial layout in a manner complying with
these beliefs. Secondly, as the above studies showed, visibility and co-
visibility patterns are the most evident means used to achieve these
curatorial goals. The interplay of these visual properties might be dif-
ficult to moderate on the local level if two contrasting approaches are
adopted within a single building. For instance, limiting or maxim-
ising co-visibility can only occur in respect to multiple other objects
in space.

An important study touching directly on the impact of visibility
and co-visibility of specific artworks in respect to the entire environ-
ment was conducted by Stavroulaki and Peponis (2003). In it, the
authors took a closer look at the spatial organisation of Castelvec-
chio Art Museum in Verona, Italy, redesigned by Carlo Scarpa. The
authors draw attention to the pedagogical aspect of art exhibitions,
which can be understood as a function of maintaining the boundar-
ies between the categories of knowledge. Through this mean, exhibi-
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tions structure and guide a viewer through the meaning of exhibited
objects using various spatial, organisational, and segregational meth-
ods. The operationalisation of this concept in the paper is the notion
that the way artworks are positioned influences the path of the visit-
ors. An example of sculptures facing different directions is given to
illustrate this point (Stavroulaki & Peponis, 2003). Since museums
are places where we come to look at art, it is reasonable to assume
the visitor’s willingness to see the exhibits from comfortable viewing
locations. Therefore, positioning sculptures in certain locations and
orientations increases the chance of attracting the visitors to specific
areas; even in an open-plan exhibition setting where the number of
potential movement paths is infinite. This method, however, never
fully determines the visitor’s experience, as the artworks are still per-
ceived in various sequences, combinations, and from multiple angles,
depending on the path chosen. Novel interpretations can still be dis-
covered.

Stavroulaki and Peponis (2003) also notice that the positioning of
artworks can be used to guide building users to the ‘key’ locations
in space, important for comprehending the spatial organisation of
the exhibition. Such a ‘magnet’ can be even more meaningful and
powerful than the one provided by spatial characteristics of the phys-
ical layout (such as the relative accessibility of a specific subspace
from other subspaces Stavroulaki & Peponis, 2003). This is a signi-
ficant claim, as it suggests that moderating visual relationships by
the spatial layout of an art gallery is a function more important from
moderating movement through its physical boundaries.

Stavroulaki and Peponis (2003) describe their exemplary case study
of Castelvecchio to justify their suggestions. In this gallery, multiple
artworks are left freestanding in the middle of a room. A visitor de-
siring to view all artworks must complete a very specific movement
pattern. This results in constant engagement with sequential juxta-
positions of paintings, purposefully placed so by the curator, and yet
still allowing for the freedom of exploration and variability of the
experience.

Stavroulaki and Peponis (2003) also notice that there is a certain dis-
tance and angle range at which paintings of different sizes are most
comfortably viewed, and therefore their placing can encourage the
visitor to walk closer or further away from the wall. The authors pro-
pose the analysis of an isovist restricted to a 60

�cone generated from
the centre of each painting. They suggest this to be the optimum
viewing location, in which every viewer might wish to position him-
or herself in order to look at the picture comfortably. The import-
ance of viewing each picture from the distance prior to approaching
it is also highlighted, although the lack of cognitive or behavioural
measures make this assumptions only intuitional.
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As the works reviewed above showed, in the museum context the
patterns of visibility and co-visibility can have a predominant influ-
ence on the resulting experience. The fact that world famous mu-
seums reviewed in the architectural case studies differ on this dimen-
sion shows the importance of the visual factor in the curatorial theory.
Visitor movement can only be treated as a predictor of the amount
and type of information one encounters in the surrounding and po-
tentially cognitively processes. It therefore increases the probability
of a cognitive engagement with the exhibit but is not equivalent to it.
Drawing a direct connection between the spatial layout and human
cognition is a distinct problem, and therefore this thesis will only re-
view those visitor movement studies where attempts were made to
link it with the cognitive experience.

One such a study was as conducted by Wineman, Peponis and
Conroy Dalton (2006). Although only observational techniques were
used (together with all their drawbacks: see Section 4.1), the observa-
tions were conducted for two separate travelling science exhibitions,
each in 2 dissimilar spatial set-ups. This quasi-experimental design
allowed for some limited generalisation of the findings in relation to
the abstract aspects of the spatial layout (contrary to typical observa-
tional studies described in Section 4.1, or Space Syntax analyses of
distinct museum cases reviewed above). Additionally to recording
movement, the authors made an attempt to link its patterns with vis-
itor engagement by counting stops (see Section 4.1 for the potential
problems with this technique). Not surprisingly, spatial accessibil-
ity of exhibit elements was linked with the likelihood of the visitor’s
engagement.

More importantly however, the authors noticed that sequence-driven
curatorial narrative is not the only aspect of exhibition design which
contributes to the users’ engagement. Assuming higher variability
of the visitor movement in these open-plan exhibitions, more flexible
spatial set-ups still are likely to facilitate the final experience with the
means such as thematic grouping of the exhibits visible from other ex-
hibits. Similarly to Stavroulaki and Peponis (2003), this finding shows
the potentially superior influence of visibility and co-visibility proper-
ties moderated by the spatial layout, from the movement restrictions
it imposes.

Importantly, Wineman et al. (2006) showed that the patterns of the
layout’s influence were similar for those visitors, who stayed inside
for shorter and longer periods of time, but the consistency and size
of these effects was higher for those, who spent more time inside.
This finding was explored further in an overview paper by Wineman
and Peponis (2010). Their view on the spatial organisation of mu-
seum spaces suggests that the visitors’ experience is not barely the
sum of individual interactions between the visitor and the exhibits,
sequenced in a particular way by the spatial layout. The influence of
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the layout reaches much further through the creation of multiple pos-
sibilities for the understanding of exhibition hierarchy. This is most
often achieved through the configuration of viewing fields that allows
for seeing the same exhibitions in multiple ways and in juxtaposition
with other displays (Wineman & Peponis, 2010). While free choice is
still given to the visitor as to the specific pattern of his or her viewing
sequence, the space can suggest some patterns over others and there-
fore not be a subject of a completely random exploration (Wineman
& Peponis, 2010). The authors make the distinction between spatially
determined movement and spatially probabilistic movement. In their opin-
ion, human exploration of the museum space is somewhere between
these two sides of the spectrum, and therefore can be referred to as
spatially guided movement. This means, there is a large amount of ran-
domness attached to the movement of humans inside museum spaces,
but it is not completely random. Instead it is guided by the (primarily
visual) properties of the exhibition layout (a property earlier noticed
but not deeply analysed by McLean, 1993). Therefore, spatial layout
can support the curatorial narrative, but not as a mere framework
for sequencing the viewing experience. This idea has been identi-
fied in the curatorial theory as potentially more valuable, because it
empowers the visitors (L. C. Roberts, 2004). Wineman and Peponis
(2010) show the importance of researching the impact of visual meas-
ures which are reflecting relations between discrete exhibits and their
relative standing in the entire gallery space. This is especially im-
portant when the cognitive outcome is of interest, as—contrary to the
assumptions of the Visitor Studies movement—it is likely to follow
patterns often not equivalent to the path taken through the museum
space.

5.4 linking space syntax with spatial cognition

Each of the aforementioned research took place in a separate gallery,
containing exhibitions varying significantly from each other in highly
uncontrolled conditions. This fact makes the results incomparable
and gives those case studies barely an exploratory status, which pre-
vents the researchers from deriving generic conclusions applicable to
the museum architecture as a whole. Despite these limitations, they
identified main spatial strategies differentiating the existing museum
buildings (Psarra, 2009; Zamani, 2009; Tzortzi, 2007) and recognised
visibility and co-visibility patterns as the crucial aspect moderated
by the exhibition layout, potentially affecting the visitor’s movement
through and interpretation of the exhibition (Stavroulaki & Peponis,
2003; Wineman et al., 2006; Wineman & Peponis, 2010). Further im-
portance of these studies lies in the fact that the abstract visual and
spatial measures thereby used can serve cognitive science as inde-
pendent variables describing experimental environments. Such meth-
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odology has the potential of establishing direct and generalisable link-
age between definable, quantifiable, and predictable aspects of the
built environment with their impact on the human cognition (Con-
roy Dalton, Hölscher & Turner, 2012).

The number of known studies joining the Space Syntax-inspired in-
dependent variables with psychological experimental design (as op-
posed to case studies) is limited. Not coincidently, the majority of
those reviewed below used virtual art galleries as their research set-
ting. One potential reason for it is the fact that barely any other
building type similarly exemplifies the connection between the spa-
tial layout, the spatial distribution of visual stimuli, and the cognitive
aim of processing these stimuli (Lu & Peponis, 2014). We will now
review these known studies, although the reader should note that
some of them used 2-D Virtual Reality environments. The potential
limitations of these approaches have been signified in Section 4.4.

The already mentioned study on picture co-visibility by Lu and
Peponis (2014) (see Section 5.2) has been an example of such an at-
tempt. Despite interesting design, it suffered from a number of meth-
odological flaws, which put in doubt its psychological findings other
than the fact that humans are sensitive to exhibit co-visibility. For
example, all participants were architecture students, who are likely
to perceive space differently and distinguish greater variation in the
environment compared to laypersons (Montello, 2007; Gifford, Hine,
Muller-Clemm & Shaw, 2002). Moreover, the cognitive outcome of
the experimental conditions was measured with an arbitrary chosen
set of questionnaire questions, the internal and external validity of
which has not been assessed. Therefore, the specific nature of how
this cognitive outcome is influenced by picture co-visibility and the
casual relationship of these variables remain unexplained.

A small number of laboratory-based studies were specifically de-
signed to establish this causal relationship between the visual prop-
erties of space (mainly isovist and its derivatives) with human spa-
tial and oculomotor behaviour. As the focus of these works was on
the cognitive processes and their linkage with quantifiable aspects of
space, their main aim was not to aid curatorial theories; despite some
of them being set inside museum settings.

Wiener et al. (2007) conducted a series of exploratory experiments
in such a virtual art gallery. Sixteen spatial variations of the setting’s
layout were prepared. They were described by such isovist properties
which could be potentially related to some aspects of the human per-
ception of space (like the feeling of spaciousness, openness, and com-
plexity). The method of calculating these properties required some
modifications compared to the original concept (Benedikt, 1979), as
isovist originally describes a local, rather than global spatial prop-
erty; a property which is relevant only for a single point of reference
in space. This study required a more generic measure in order to
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describe the architectural shape of the layout. To achieve this, the
authors used a method of calculation similar to VGA (Turner et al.,
2001) and averaged the resulting isovist metrics for the entire layout.
In so designed virtual environments, participants were asked to ex-
plore them on a computer and to perform a navigational task. The
task was to find the best ‘hiding’ place and the best ‘overview’ place
in the gallery—both of which had previously been identified mathem-
atically by the researchers using local isovist properties such as size.
Following this phase, participants were also asked to provide ques-
tionnaire responses rating the subjective qualities of the environment,
such as its pleasingness and interestingness. A number of significant
correlations were found between the isovist properties, behavioural
performance, and environmental ratings of the participants. Wiener
et al. (2007) showed that (1) people are sensitive to local isovist prop-
erties and can correctly recognise places in the layout with the largest
and smallest isovist area sizes; and (2) that human judgment of the
generic ‘look and feel’ of space can be predicted by isovist-derived
descriptions of its shape.

This finding provides direct empirical support for the concept of
spatially guided movement proposed by Wineman and Peponis (2010).
Since humans are indeed capable of detecting visibility properties of
space as they are described by the isovist theory, these relationships
might really be able to ‘guide’ our behaviour in and cognition of
space.

While the above study investigated human behaviour and environ-
mental judgments, visual attention was the subject of a comprehens-
ive series of experiments by Wiener, Hölscher, Büchner and Konieczny
(2012) (also: Wiener, Hölscher, Buechner & Konieczny, 2009). In it,
participants were presented with a series of screenshots from a vir-
tual environment consisting of two spatial choices (left or right, with
a separating wall in the middle of the screen). Their task was to
make navigational decisions in search of a target object hidden some-
where in the environment while their eye-movement was being recor-
ded. Sequential presentation of static images simulated progressing
through space. As the results showed, participants’ behaviour presen-
ted strong preference for this navigational alternative, which could
be described by a longer line of sight. The possible explanation—–
representing the ‘top-down’ view on human behavioural strategy—is
the promise of higher informational gain favouring such a decision.
Moreover, some consistent patterns in the participants’ eye move-
ment were shown to be dependent on the geometry of the visual
stimuli (Wiener et al., 2012). Contrary to some studies described in
Section 3.1.3 investigating the ‘bottom-up’ approaches to visual atten-
tion (e.g. via ‘Saliency Maps’), here the authors fully controlled for
the default viewing mode of 2-D images and were able to reliably
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demonstrate that the oculomotor behaviour observed in their experi-
ments was task-specific.

In the context of the navigational search task, Wiener et al. (2012)
therefore showed the impact of geometrical properties of space on hu-
man visual attention. They demonstrated the perceived shape of the
environment—which can be described with the concept of isovist—
can guide how we look at, and move through space. Emo (2014)
further expanded this work with real-life pictures of street corners
and linked it to the Space Syntax-derived concept of an ‘axial map’.
‘Axial map’ describes which city streets are, on average, more access-
ible from the entire network of streets in the city. Despite the differ-
ent contextual background of these experiments to the current thesis,
they remain highly relevant. They contribute to the finding that hu-
man spatial behaviour and cognition are sensitive to—and can be
predicted by—some quantifiable visual properties of space (Lu &
Peponis, 2014; Wiener et al., 2007, 2012; Emo, 2014), but the nature
of this relationship is likely to be determined by the context of the
participant’s task (Land & Tatler, 2009; A. Johnson, 2011).

Controllability of the virtual 2-D environment in the above series
of experiments comes at a cost of decreasing its ecological validity.
However, they do provide a reliable theoretical basis for testing the
influence of isovists in the real-life environment.

One such attempt was made by Dalton, Marshall and Conroy Dalton
(2010) who carried out an exploratory study to show that isovist prop-
erties can impact human memorability for the publicly displayed con-
tent. The authors placed four projection screens in a large hall of a
public building and used them to present a standardised set of highly
memorable words and images for the span of three days. The loca-
tions of those projectors varied in terms of their isovists properties
(spiky/round and small/large isovist areas). Following the period of
experimental presentation, building users received an invitation to an
online survey and were asked to answer questions about words and
images presented throughout the study period. The results showed
that more pictures were remembered from words if presented from
large isovist areas, and words were remembered better if presented
from small isovist areas. Additionally, pictures proved to be more
memorisable if presented from spiky, and not round, isovists. Despite
the preliminary character of the study acknowledged by the authors,
this suggests that the isovist properties of the stimuli’s location might
influence the memory of humans spontaneously traversing the area
around them. However, as the authors note themselves (Dalton et
al., 2010), forming more general claims would require a strictly con-
trolled experimental space than a public building with fluctuating
user numbers moving through it with different spatial knowledge
and behavioural aims.
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5.4 linking space syntax with spatial cognition

Building on the methods described so far, this thesis will employ a
set of tools and workflows previously applied in separation in discip-
lines described in the previous sections. Next chapter will provide an
overview of the most relevant ones, selected for the research conduc-
ted within this thesis.
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Part III

M E T H O D O V E RV I E W





Method Overview

This thesis presents three studies conducted inside three distinct
environments. Two of them were experimental settings where the re-
searcher had the possibility to alter pictures’ spatial relation based on
the research question—those will be referred to as ‘Experiment 1’ and
‘Experiment 2’. The third study took place in a working art gallery,
namely the BALTIC Centre for Contemporary Art in Gateshead, UK.
We will refer to the latter case as ‘BALTIC Case Study’ since it did
not involve any experimental manipulation and only a single group
of participants was invited to explore it—all within exactly the same
spatial set-up.

As the data-gathering and analytical methods used in all three stud-
ies were very similar, this section will present their overview and
provide theoretical background for their adaptation to the current
work. Those details which are distinct between the studies will be
described in further, relevant sections of the thesis.
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P R O C E D U R E

The procedure employed in each of three studies consisted of the
following phases:

1. Participant arrives to a scheduled meeting outside the gallery
space.

2. Participant signs informed consent form (Appendix C.1), a demo-
graphic information form (Appendix C.2) and completes an ex-
cerpt from Ishihara’s test for colour blindness (Ishihara, 1917,
Appendix C.3).

3. Participant is briefed about his or her task (Appendix D.2). They
are asked to explore the gallery ‘just as you would explore any
other art gallery’ whilst wearing a mobile eye-tracking device.
It is indicated that they should look at least once at each picture,
but there is no instruction regarding walking trajectory, speed,
or revisiting the already seen artworks.

4. The eye-tracker is calibrated (this procedure takes about 30—
60 seconds). Exit and meeting points are indicated. The parti-
cipants walks inside (see Fig. 6.1).

5. After exiting the gallery the eye-tracker is demounted, the vis-
itor is asked to take a sit in front of laptop computer, which was
not open prior to the visit.

6. First of the two unanticipated memory tests follows (Recogni-
tion Memory Test; Section 9). Instructions are presented on the
screen.

7. After completion, another test is presented to the participant
(Spatial Memory Test; Section 10).

8. Visitor is debriefed, paid £6 for participation and provided an
opportunity to leave an email address in order to receive further
updates on the study’s results.

Standard ethical procedures were employed throughout the study
(Appendix C).
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Figure 6.1.: Sample participant wearing an eye-tracking device inside
the gallery.

None of the two memory tests was previously mentioned in the
research invitation or the briefing phase. Informal conversations fol-
lowing the study confirmed that participants were convinced that col-
lecting eye gaze recordings was the only purpose of the experiment.
This fact is important as the thesis’ focus is on spontaneous memory
and not deliberate memorisation of pictorial stimuli. Primary reason
being the fact that knowing one will be tested enhances memorisation
(McDermott & Arnold, 2013) and is not representative of the cognit-
ive goals typically associated with an art gallery visit. Participants
were also unaware of the existence of alternative experimental condi-
tions1.

For the purpose of the study, it was equally important to preserve
the ‘restorative’ (Packer & Bond, 2010), relaxing atmosphere of a
museum environment (Kirchberg & Tröndle, 2012) by avoiding addi-
tional pressure potentially associated with participating in a scientific
experiment. For this reason, time limits given to the participants were
as liberal as possible and depended primarily on the battery capacity
of the eye-tracking device. To avoid the opposite effect of rising ex-
pectations of unnaturally long viewing times, the briefing instruction

1 From the ethical viewpoint, it is important to note that the procedure did not involve
providing misleading information but only delayed the disclosure of some of its
part. Participants were able to withdraw from the study at any moment, including
the memory tests. None of the participants reported any concerns when asked to
participate in the additional memory tests following the visit.
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emphasised that participants can spend ‘as little or as much time as
they wish’ inside the gallery. To further facilitate the lack of pressure,
the researcher did not follow the participants into the experimental
space.

This methodology, by going beyond observational studies of the
visitor behaviour, attempts to identify the quantifiable cognitive out-
come of a gallery visit. The accessibility of mobile eye-tracking is
what seems to have been of particular desire to many researchers in
that field the past (Section 4.1). Additionally to collecting more de-
tailed and more reliable data than majority of previous visitor stud-
ies, this methodology provides one more advantage: altering spatial
set-up across experimental conditions within Experiments 1 and 2

reaches beyond the typical case-study approach and provides the pos-
sibility to generalise the results more reliably. The use of quantifiable
descriptors of space derived from Space Syntax and Isovist theories
made it possible to conduct those spatial modification based on the
specific research questions. Such methodology answers an explicit,
often repeated call for more rigorous studies of the art gallery ex-
perience and its dependence on generalisable factors of the physical
environment (Bollo & Dal Pozzolo, 2005; Bourdeau & Chebat, 2003;
Lu & Peponis, 2014; Bitgood, 2003; Wineman & Peponis, 2010; Locher,
2011; Tröndle, Greenwood, Bitterli & van den Berg, 2014).

Table 6.1 presents an overview of the methodology employed in
the thesis.
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Variables Method of Data Collection and Analysis
Independent Variables
Quantitative descriptors of space, separately calculated for: Space Syntax and Isovist analysis (Depthmap,

CAD software); Section 11

Experiment 1 (2 distinct spatial configurations),
Experiment 2 (2 distinct spatial configurations),
BALTIC Case Study (1 spatial configuration)
Demographic information (e.g. age, gender) Demographic information form
Oculomotor behaviour Mobile eye-tracking; Section 8

Dependent Variables
Oculomotor behaviour. Note that oculomotor behaviour can be
treated as both dependent and independent variable: it can be the
aim of analysis to explain where and how people looked at pictures
depending on their spatial location, but also to explain participants’
memory of pictures based on how they looked at them.

Mobile eye-tracking

Memory of objects Recognition Memory Test; Section 9

Memory of objects’ location Spatial Memory Test; Section 10

Table 6.1.: Methodology overview.
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PA RT I C I PA N T S

To further ensure ecological validity of the method, special care was
given to population sampling. It has been widely acknowledged (e.g.
most recently by Brieber et al., 2014) that controlled art gallery exper-
iments should ideally be conducted on spontaneous museum visit-
ors, and not on homogenous groups, e.g. of psychology students.
This has been an infamous issue of many psychological disciplines
(Peterson, 2001), but it might bear a particular importance in the con-
text of art gallery studies. The reason being, art is often created with
the aspiration of producing the widest spectrum of experiences pos-
sible. Thus, the variance of behavioural and cognitive patterns during
the exploration of art space is likely to be larger than in other common
everyday situations. Homogenous study groups consistently under-
represent this variance (Peterson, 2001).

This challenge has been tackled in the current thesis by recruiting
participants from multiple sources, thus ensuring that the variability
of the actual population visiting art galleries is represented in a more
adequate manner. However, even though participation was voluntary,
it cannot be fully ensured that all of the participants of the studies
here described would equally likely visit such an exhibition if no
experiment was taking place. It must be acknowledged that some
proportion of visitors was attracted by paid reward, and some by the
novel possibility of using an uncommon mobile eye-tracking device.

Another issue with population sampling for art studies is the fact
that the most eager potential participants are artists themselves. Artists,
curators, and people with educational background in art share higher
interest in the subject in general. In his early studies, Robinson (1928)
already noted that artists’ way of exploring an exhibition might sig-
nificantly differ from the rest of population—a tenet which has been
later confirmed with more advanced measurement methods (Pihko
et al., 2011). Presuming that the goal of public museums is mainly
to serve the public (as opposed to a situation where artists would ex-
hibit art for other artists), this thesis will focus on non-expert art
viewers. For this reason, no artists or art graduates were allowed
to participate—this statement was included in the research invitation
and verified again during the briefing phase.
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participants

As the research invitation mentioned that the study investigates
‘associations between spatial layout of art galleries and human per-
ception of an exhibition’ (Appendix D.1), it was equally possible that
a group who might exhibit over-representative eagerness to particip-
ate would be architects. If indeed the fact that the study focused on
‘spatial layout’ would be a strong attractor to a group professionally
interested in the subject, it would be possible that they pay special
attention to the layout of the gallery, unlike they would when visiting
a museum in order to view art. Thus, in a similar manner to artists,
architects were not allowed to participate.

Normal, or corrected-to-normal vision was required. Contact lenses
and correcting glasses were allowed, as long their frames were not
very large (due to the restrictions of the eye-tracker). Normal colour
vision was required and tested prior to the gallery visit.

As previous knowledge of space might affect spatial memory (e.g.
Caduff & Timpf, 2008), participants who visited the experimental
space prior to the study were also excluded from the analysis. In
spaces where layout was modified for the purpose of the exhibition
(Experiment 2 and BALTIC Case Study), this was only relevant if
space was visited under the same spatial configuration.

Advertising invitations in sources external to the university en-
sured large spread of participants’ age—another factor shown to have
a significant, negative impact on memory (Wai, Lubinski & Benbow,
2009).
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M O B I L E E Y E - T R A C K I N G

‘Tobii1 Glasses 1’ monocular mobile eye-tracker was used in all three
studies. The device consists of a large plastic glass frame, a wire
and a recording unit saving data on a SD-type flash memory card.
The recording unit is lightweight (200 grams) and could easily be at-
tached to a belt or placed in the visitor’s pocket, depending on the
preference. The frames were large enough to fit on glasses of these
participants who wear any. If this caused any discomfort, priority
in positioning the device was given to the participant’s ease of wear-
ing, even if this compromised the quality of the recording. The glass
frame contains two cameras—one points in the same direction as the
user, and records the scene in 640x480 pixel resolution at 30 frames
per second (Fig. 8.1). The other camera tracks the wearer’s right eye
using infrared light with the frequency rate of 30 Hz. The estimated
eye position is then superimposed on the scene video in the post-
processing phase within Tobii Studio software package. The super-
imposed coordinates are based on the calibration process proceeding
each gallery visit. After the calibration phase participants were asked
not to touch the device, as this could have introduce a consistent spa-
tial shift in all fixation estimates. If the quality of calibration was
compromised (e.g. by the user’s discomfort, or unintentional move-
ment of the glasses), the videos were excluded from further analysis.
All participants entered the gallery wearing the eye-tracker and they
were not informed of potential calibration problems, as this could
be only established during the post-processing stage, via the desktop
software. Consequently, all participants viewed the gallery through
the device, and even if the eye-tracking data was compromised, the
memory test results could be included in the analysis of the complete
dataset, on the equal basis to participants whose calibration process
was successful.

However, even with successful calibration the device was not ro-
bust in the presence of highly varied, often very dynamic eye-movement
associated with the naturalistic exploration of a vast spatial environ-
ment. During the post-processing stage, Tobii Studio software indic-
ates the proportion of each participant’s fixations that it managed to
successfully record. The producer’s suggestion is to exclude those

1 Parts of this section were previously published in (Krukar & Conroy Dalton, 2013a)
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Figure 8.1.: A sample frame from the Tabii Glasses recording.

recordings from the analysis that did not meet the 60% threshold
of recorded fixations. The factual patterns of oculomotor behaviour
might be wrongly represented by the recorded subset of so low qual-
ity (Tobii webinar series, 2014). Such recordings were excluded from
all eye-tracking analyses.

8.1 estimating eye gaze

It is important to note the technical limitations shared by many eye-
trackers available on the market. The most common misconception
is the understanding that eye-trackers detect fixations. This is untrue.
Eye-trackers detect pupil’s movement and its temporary suspensions.
Based on this movement, and a built-in algorithm, the software estim-
ates the occurrence of fixations. The estimation is primarily based on
the velocity of eye movement and the length of its pauses. The soft-
ware then matches the estimates of fixation locations with the scene
video based on the pre-indicated distance between the eye and the
viewed object (in case of monocular eye-trackers). Therefore an eye-
tracker does not ‘know’ where a person has fixated—fixations are just
estimations based on processed data (Oakes, 2010).

The real length of a single fixation can span from 50 to 500 ms, and
its mean values oscillate around 200—275 ms, depending on the task
(Rayner, 1998). The device used for the current experiments samples
eye movement at 30 Hz, which is equivalent to taking a ‘snapshot’ of
the current position of the pupil every 33 ms. Consequently, fixations
can only be recorded by Tobii Glasses at multiplies of this time period.
Hence, almost every fixation estimate made by the device will contain
‘temporal sampling error’ on top of its real length (Andersson, Nys-
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8.2 eye-tracking measures

tröm & Holmqvist, 2010). This thesis will refer to these biased estim-
ates as ‘fixations’, yet the reader should be aware of the technological
limitation standing behind the impreciseness of the concept.

8.2 eye-tracking measures

Temporal sampling errors accumulate throughout the study and in
some cases may lead to highly unreliable total length estimates (An-
dersson et al., 2010). For this reason, using fixation-based measures
recorded with sampling rates as low as 30 Hz would result in a mis-
leading level of accuracy, not reliably describing the actual oculomo-
tor behaviour. To decrease this distortion of results, fixations were
reduced to the measure of dwell. A single dwell constitutes an event
when eye gaze moves into the boundaries of a distinct object (in our
case—a picture), explores it through numerous fixation-saccade se-
quences, and redirects outside the boundaries of the object (Fig. 3.1,
p. 44). This operationalisation reduces the cumulative impact of tem-
poral sampling error, as in such case the error only influences the
timing of the first and last fixation of each dwell. It is also sufficient
for guiding the answers to the research question stated in this thesis
- its interest does not lie in the specific patterns of viewing within
individual pictures, but in the influence of space on frequency and
lengths of visual encounters with each picture as a whole.

Dwell-based approach to eye movement analysis has been previ-
ously explored in multiple studies and comprehensively reviewed by
Holmqvist et al. (2011). Table 8.1 lists the variables obtained from
the recordings in the current thesis. The selected measures aim to
describe the oculomotor behaviour in terms of its quantity (e.g. how
long/how often visitors looked at objects?), type (e.g. were the dwells
long, or short?), and dynamics (e.g. were the dwells followed by im-
mediate fixation on another object?). For procedural and methodolo-
gical details of the coding procedure please refer to Appendix A.
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Measure Definition Reason for Including Previous Usage in the Field
Total Dwell Time The sum of all dwell lengths

within the boundaries of a
single picture during the en-
tire visit.

Previously linked to the
meaning of the viewed area,
its informativeness and in-
terest (Holmqvist et al., 2011),
as well as the memory of
object’s position (B. W. Tatler,
Gilchrist & Land, 2005).

Established measure. Of-
ten defined as ‘total fixation
length’.

Number of Dwells The count of all dwells fall-
ing onto a single picture
throughout the entire visit.
Equal to the number of events
when participant’s eye gaze,
entered an object’s boundar-
ies and at least one fixation oc-
curred.

Previously related to object’s
informativeness and the con-
fidence levels in object re-
cognition (Holmqvist et al.,
2011). Encountering the same
object on multiple occasions
updates its representation in
long-term memory and, cu-
mulatively, gives rise to indi-
vidual differences (Caduff &
Timpf, 2008; B. W. Tatler, Gil-
christ & Land, 2005) in its
memorisation.

Established measure used
previously (Holmqvist et al.,
2011), but not in any of the
eye-tracking studies reviewed
in this thesis. Also used in
observational visitor studies,
although most likely with
lower precision.
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Measure Definition Reason for Including Previous Usage in the Field
Normalised Total Dwell Time The percentage of time a vis-

itor spent looking at each pic-
ture relative to the whole time
spent inside the gallery.

Compared to ‘total dwell
time’, this operationalisation
is insensitive to differences in
time spent inside by each par-
ticipants. Consequently, it
might reflect the subjective
significance of each picture re-
lative to all other objects.

Previous usage unknown;
measure introduced for the
purpose of the thesis.

Normalised Number of
Dwells

The percentage of all dwell
events relative to cumulative
number of dwells on all ob-
jects.

as above Previous usage unknown;
measure introduced for the
purpose of the thesis.

Time to First Fixation Difference between the time
of the first dwell occurring on
the given picture and the time
passed from entering the gal-
lery.

Indicative of the sequence of
visual encounters with novel
stimulus.

Popular measure in a dif-
ferent context (Human-
Computer Interaction stud-
ies). Adapted for the purpose
of the thesis.

Mean Dwell Length Average length of a single
dwell calculated for each par-
ticipant and for each picture.

Potentially indicative of dif-
ferent behavioural patterns
across varied spatial condi-
tions.

Its estimates were previously
used in observational studies.

Median Dwell Length Median length of a single
dwell calculated for each par-
ticipant and for each picture.

Potentially more accurate
measure of central tendency
due to skewed distribution of
the data.

Previous usage unknown; in-
troduced for the purpose of
the thesis.
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Measure Definition Reason for Including Previous Usage in the Field
Number of Short Dwells Number of dwells shorter

than 2 seconds.
The threshold of 2 seconds
was suggested in the model
describing two-stage pro-
cessing of artworks (Locher
et al., 2007) when holistic
gist of the scene is extracted.
Dwells shorter than that
could be indicative of a mode
of processing different to
diligent picture viewing. A
less clearly defined barrier
of ‘few seconds’ was also
suggested by Bitgood (2010)
in his ‘capture-focus-engage’
model of museum-based
attention. ‘Focus’ stage occur-
ring below the period of few
seconds does not, according
to the model, involve deeper
cognitive processing of the
artwork.

Previous usage unknown; in-
troduced for the purpose of
the thesis.

Number of Long Dwells Number of dwells longer
than 2 seconds.

see above Previous usage unknown; in-
troduced for the purpose of
the thesis.
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Measure Definition Reason for Including Previous Usage in the Field
Number of Very Long Dwells Number of dwells longer

than 10 seconds.
In observational studies of art
gallery visitors, this period
of viewing has been sugges-
ted to constitute a threshold
between slow, ‘walking-and-
viewing’ mode and stopping
in front of artworks in or-
der to examine them in detail
(J. K. Smith & Smith, 2001).

A spacial-case subset of ‘long
dwells’ category. Previous us-
age unknown; introduced for
the purpose of the thesis.

Long-to-short dwell ratio Number of long dwells di-
vided by the sum of (short
dwells and long dwells) for a
given participant/stimuli. A
value of 0 implies no long
dwells at all. A value of 1

means that all dwells were
long. A value of 0.5 sug-
gests that the same number
of long and short dwells was
performed.

Given a heavily skewed distri-
bution of dwell lengths, this is
a better approximation of the
dynamics of the oculomotor
behaviour than mean dwell
length. Higher value indic-
ates a higher proportion of
long dwells and smaller value
is a result of eye movement
consisting primarily of dwells
shorter than 2 seconds.

Previous usage unknown; in-
troduced for the purpose of
the thesis.

1
1
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Measure Definition Reason for Including Previous Usage in the Field
Picture-Switching The proportion of dwells

which were followed by a
quick, immediate fixation on
another stimuli, without an
intermediating dwell on a
picture-free area (such as an
empty wall surface).

Operationalisation of the
concept of ‘spotty-focused
attention’. Differentiates
between visual interactions
which form a middle part
of a continuous chain of en-
gagements, and those which
are disconnected from the
next cognitively demanding
dwell.

Previous usage unknown; in-
troduced for the purpose of
the thesis.

Engagement Ratio Cumulative dwell time on all
pictures divided by the time
spent inside the gallery by a
given participant.

Describes the proportion of
time each person remained
engaged with the stimuli
while being inside the gallery.
Can potentially describe the
individual difference in the
level of interest each visitor
had in looking at artworks
compared to engaging with
alternative activities (such as
examining constructional de-
tails of the space, one’s own
watch, or other people in the
BALTIC Case Study).

Previous usage unknown; in-
troduced for the purpose of
the thesis.

1
1
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Measure Definition Reason for Including Previous Usage in the Field
ET Sequence Rank-order of appearance in

the eye-tracking dwell re-
cords.

Describes in what order par-
ticipants saw each picture, i.e.
in what order they performed
the first dwell on each art-
work.

Various classifications of fix-
ation order are common in
scan-path analyses.

Table 8.1.: Description of the eye-tracking measures.
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mobile eye-tracking

8.3 viewing sequence similarity

On the most general level, eye tracking recordings make it possible
to establish what sequence participants viewed images in. This raises
a question whether viewing sequences of individual visitors were
similar. Irrespectively of what image was hung at each location, it can
be investigated whether participants were more likely to visit some
parts of the exhibition in a similar, sequential manner. For instance,
it can be expected that artworks located closer to the gallery entrance
will generally be viewed at the beginning of the visit, while those
located near the exist shall be engaged with closer to the end of the
visit. However, this simple analysis can be expanded to establish
more complex patterns of sequential viewing. In this thesis this will
be based on the analysis of sequence similarity. The question asked is
whether viewing sequences are similar across participants and, if so,
are they more similar within separate experimental conditions than
they are across the conditions.

Only long dwells were taken into account to define viewing se-
quences, as those—from the theoretical point of view—are likely to
contribute to a qualitatively distinct aspect of the gallery visit. They
are likely to describe engagements which are not the result of ori-
enteering, but of diligent investigation of an artwork leading to the
formulation of aesthetic judgment. After removing short dwells and
dwells on objects other than the analysed artworks, multiple situ-
ations were identified when the same artwork has been the subject
of engagement on more than one occasion in a sequence. These in-
stances were considered as a single engagement. Short interruptions
and the dynamics of the viewing behaviour will be a subject of sep-
arate analyses, while here the attempt is made to identify ‘exhibition
visit scripts’ defined as the sequence of artworks visitors were likely
to diligently explore in a similar manner. It is of little interest at this
moment to inquire what was the ‘quality’ or the dynamics of each
particular engagement. The question asked is whether the sequence
of likely meaningful viewing can be ‘pre-programmed’ by a curator,
and how various spatial arrangements affect the stability of this ‘cur-
atorial program’ across the individuals.

In order to assess the similarity of viewing sequences a method de-
veloped by Conroy Dalton (2001) will be employed. It is based on a
string-matching technique from mathematics and computer science -
specifically, the ‘Levenshtein Edit distance’ (Levenshtein, 1966). This
technique takes two ASCII strings as input and returns a value de-
scribing how many operations (the possible operations being: insert-
ing a character, removing a character, or substituting a character) is re-
quired at minimum to transform one string into another. Low ‘Leven-
shtein edit distance’ between two strings means that two strings are
quite similar to each other - for example transforming ‘ABC’ into

120



8.4 task-specific oculomotor behaviour

‘ABD’ would only result in value of 1. The higher ‘Levenshtein edit
distance’ is, the more dissimilar the strings (e.g. consider operations
require to transform ‘ABC’ into ‘AXQYZ’ resulting in the value of 4).

Each location in the sequence has been given a unique ASCII char-
acter (either a capital or small letter, as these are considered distinct
symbols in ASCII). Based on that, a unique string was constructed
for each visitor, representing this person’s viewing sequence - a set
of interactions with individual locations, each longer than 2 seconds,
ignoring any potential interruptions in these engagements2. Follow-
ing the method developed by Conroy Dalton (2001), the resulting
strings were compared with each other (within the same experimental
condition) using a two-step procedure. Firstly, each string was com-
pared to each other string using Levenshtein distance algorithm from
stringdist R package (van der Loo, 2014). As viewing sequences
had different lengths, it was important to consider that the same
‘Levenshtein edit distance’ could indicate a radically different level of
similarity for two strings which are short, and for two strings which
are long3. For this reason, each so extracted ‘Levenshtein edit dis-
tance’ was divided by the average of the length of two strings, result-
ing in normalised Levenshtein distance (Conroy Dalton, 2001). The same
operation was conducted for all pairs of analysed strings. Secondly,
normalised Levenshtein distance scores associated with each viewing se-
quence (and its combinations with all other sequences) were summar-
ised and divided by the number of (all - 1) strings in the sample.
This created mean normalised Levenshtein distance (MNLD) describing
how similar a giving string is to all other strings. Low value would
indicate that a string is very similar to all other considered strings.
Higher MNLD indicates that the string is rather unique. A custom R
script was written to perform these operations based on a C program
provided by the original author (Conroy Dalton, personal communic-
ation).

8.4 task-specific oculomotor behaviour

When considering the nature of human oculomotor behaviour, we
stressed the importance of cognitive goals in guiding eye movement
(Section 3.1.3). An important assumption underpinning the validity
of the method employed in this thesis is that these goals are uniformly
understood by all participants. In the situation created, participants

2 Note that for this analysis we do not consider a path defined by the interactions with
pictures, but defined by the interactions with artwork locations. In other words, the
strings describe with some level of precision how the individual was exploring the
space of the gallery, ignoring what specific pictures were hanging at the explored
places at moment of engagement.

3 The reader might wish to consider the value 4 from the example above, which resul-
ted from two strings which had only one symbol in common. The same value of 4

would indicate much higher similarity if both strings were about 10 characters long.
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were expected to ‘explore the gallery as they would explore any other
art gallery’ and to ‘make sure they look at each picture’. This carries
the assumption that a deliberate emphasis is placed by the visitors on
visual engagement with the artworks. Experimental procedure would
not be valid if other cognitive goals are predominant instead. For
instance, if the space was too confusing, the need of finding the exit
might dominate over the idea of relaxed art gallery visit and result
in a qualitatively different pattern of oculomotor behaviour acquired
for navigation (Wiener et al., 2012; Emo, 2014).

Some of the earlier reviewed laboratory-based experiments had the
opportunity of accounting for the ‘default viewing mode’. Wiener et
al. (2012) for instance controlled the experimental condition against
an inverted version of the presented images. This provided a differen-
tiation between the experimental manipulation (in this case: spatial
search), and a situation were no such task was given, or assumed.
For obvious reasons, potential experimental modifications to the way
the environment is viewed are limited in the real-life setting. For
example, viewing perspective cannot be inverted on the vertical axis.

In the real-life setting, introducing a group controlling for the ‘de-
fault viewing mode’ is therefore much more problematic. The primary
reason for this is the fact that giving participants any other tasks in
a gallery-like environment does not ensure they will not attend to
pictures while performing it, thus potentially switching between two
viewing modes. In this case, introducing a non-obvious goal for an
art gallery visit (e.g. find your way out) would most likely disturb,
but not fully replace the pattern of visitors’ oculomotor behaviour.
Since viewing artworks is the ‘default’ mode of behaviour in any
gallery-like setting, it is very probable that humans—once inside it—
naturally pay exceptionally high attention to all discrete, rectangular,
visual stimulus hanging on white, otherwise empty walls. Introdu-
cing non-art place-holders instead of actual art is unlikely to change
this behaviour on the gallery-wise level, as the design of ‘white cube’
spaces is ideologically (O’Doherty, 1986) and historically (Camfield,
1990) linked with the artistic character of any object seen inside it—no
matter how trivial it would be—and successfully aimed at heighten-
ing visitor’s attention (Alpers, 1991; Tröndle, Greenwood, Bitterli &
van den Berg, 2014).

Inviting participants to an ‘art gallery study’ and asking them to
explore space completely deprived of any visual stimuli is equally
unlikely to provide the desired control situation. The awareness of
being in a gallery-like space (with white, empty walls and rectan-
gular geometry) and the knowledge of having one’s eye-movement
recorded is a strong contextual cue most likely prompting ‘the visual
search’ mode of viewing—complexity of which constitutes its own
distinct subject in perception studies.
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How can we then ensure that participants employed a strategy fo-
cused on looking at paintings, and did not simply randomly walk
around the environment for some time with their eye-movement not
guided by the locations of artworks? In the real-life situation, in the
presence of contextual cues as strong as they are in a white cube art
gallery, this is a purely theoretical concept. However, a completely
random eye movement during a random exploration of the environ-
ment would have to result in the gazes falling on pictures according
to the proportion of total wall surface area occupied by those pictures.
Given that some wall surfaces are more visible than others, such a cal-
culation could be adjusted based on the visual accessibility of the pic-
tures’ positions. In three studies presented in this thesis participants
spent overwhelming proportion of time fixating on pictures, thus al-
lowing to make an assumption about their task-specific eye move-
ment patterns. Informal observations of the eye-tracking recordings
further confirm this point—none of the recorded participants seemed
to exhibit ‘non-gallery-like’ behaviour. Sections 15.2, 19.2 and 23.2
contain detailed statistical analyses confirming this observation for
each experimental condition analysed in the thesis.
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9

R E C O G N I T I O N M E M O RY T E S T ( R E A C T I O N T I M E S )

The method involved two separate memory tests. The first of them
was Recognition Memory Test, similarly to the procedure incorpor-
ated by Janzen (2006), Miller and Carlson (2011). All instructions and
stimuli were presented on a laptop computer screen with OpenSes-
ame software (Mathôt, Schreij & Theeuwes, 2012) - Appendix D.3.
Participants were asked whether they have or have not seen the dis-
played image in the gallery they just visited. Answers were given by
pressing one of two keys on the laptop keyboard labeled as ‘YES’ and
‘NO’. The instruction emphasised accuracy and speed of responses.
First three pictures were shown for the purpose of procedural train-
ing only, and responses to them were not recorded. Following the
training phase, a set consisting of all pictures seen inside the gallery
and of an equal number of new stimuli (previously unseen by par-
ticipants) was presented sequentially, one picture at a time. The or-
der of presentation was randomised and each stimuli was proceeded
with a fixation cross lasting for 250 ms, located in the centre of a
blank screen. This was included in order to cue the location of the
appearing stimuli and ensure equal eye gaze position was assumed
prior to the presentation of each picture. Figure 9.1 presents a sample
participant performing the task

Such conducted Recognition Memory test is a classic procedure
used in experimental psychology for over a century (Wundt, 1874).
Two measures can be calculated from it: Reaction Time (RT) and yes-
no Accuracy of response (in this thesis referred to as RT Accuracy).
Shorter Reaction Times are typically indicative of better recognition
memory. Accuracy tends to produce the ceiling effect1 in simpler
tasks, and can be less useful.

Reaction Times have been linked to the level of processing (Craik &
Tulving, 1975) due to the fact that the deeper we process something,
the better it will be remembered. In consequence, better memory
will most likely prompt a shorter correct answer in the Recognition
Memory Test. As it is unclear if depth of cognitive processing can be

1 In psychology, the ‘ceiling effect’ describes a situation when the administered task
is so easy in the given context that most of participants reach scores close to the
maximum, preventing the researcher from drawing any comparisons from the data.
The opposite ‘floor effect’ occurs when the task is too difficult and most of the scores
are close to the minimum possible value.
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recognition memory test (reaction times)

Figure 9.1.: Sample participant performing the Recognition Memory
Test.

reliably measured in situ at all (see however: Tröndle, Greenwood,
Kirchberg & Tschacher, 2014), such a post-visit assessment constitutes
a well-theoretically-grounded operationalisation.

Moreover, implicit memory processes were linked to the aesthetic
experience of art appreciation (Leder et al., 2004) suggesting a link-
age between memorisation and liking. Yet, the scope of this thesis
and the type of data collected does not allow us to make assump-
tions about the preference for separate artworks.

Table 9.1 below provides a brief summary of the measures used to
analyse Recognition Memory Test results.
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Measure Definition Reason for Including Previous Usage in the Field
Reaction Times (RT) Number of milliseconds it

took a participant to correctly
recognise a picture (i.e. press
‘YES’ on a keyboard when
a non-distracting stimuli ap-
peared on the screen). The
higher the score, the ‘worse’
the response.

Indicative of the depth of pro-
cessing and pictorial memory
of the stimuli.

Established measure.

RT (inverted) (1/RT) transformation of the
Reaction Time measure. The
higher the score, the ‘better’
the response.

This inverted measure is a re-
commended transformation of
the original data for avoiding
problems with non-normal
distribution of RT variable.

Recommended by Baayen and
Milin (2010)

RT Accuracy Correct or incorrect answer to
the stimuli appearing on the
screen. ‘Personal Mean RT
Accuracy’ would indicate the
proportion of correct answers
given by a single participant.

Correlated with Reaction
Times, although often produ-
cing the ‘ceiling effect’.

Established measure.

Table 9.1.: Recognition Memory Measures.

1
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recognition memory test (reaction times)

It must be acknowledged however, that recognition memory does
not comprehensively account for all aspects indicative of the retro-
spective experience of an art gallery visit. If this was true, spatially-
defined relations between artworks would bear no difference to the
memory of the visitor. As we have shown in Section 3.2.2, they most
likely do and therefore assessing the memory for these spatial rela-
tions is equally important. In order to account for both picture-based
memory and location-based (spatial) memory, as previously done by
Janzen (2006), Miller and Carlson (2011), another test was required.
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S PAT I A L M E M O RY T E S T ( M I N I AT U R E TA S K )

Measuring Spatial Memory as one of the dependent variables derives
from the assumption that the museum experience is more than just
a set of individual interactions between the viewer and a number of
separate artworks (Wineman & Peponis, 2010). As it has been shown
in Section 3.2.2, individual viewing experiences are combined in hu-
man memory and form a hierarchical knowledge construct. This can
be represented in the form of a cognitive map1 of the environment.

A number of distinct methods of measurement were used in spatial
memory studies. For example, Pointing Task assesses participants’
memory for object’s spatial location by asking them to point to the
location of the target from the position where it is not visible from.
As the outcome variable is the angular error between the pointing dir-
ection and the correct target location, this task is more viable for large
scale environments, where potential targets are likely to be spread
across wide range of angles relative to the participant’s position. In
the procedure followed by this thesis, all potential targets (i.e. pic-
tures) were located in roughly the same direction when considered
from the room adjacent to the gallery. Thus, angular error would
most likely have very low variance and there was a high probability
of providing an answer close to correct purely by chance.

An alternative method, often used to tackle this limitation, is to
ask the participant to imagine standing at a specific location inside
the measured environment and to perform the Pointing Task from
this imaginary perspective (e.g. ‘imagine you stand with your back
to the entrance, object X is on your right, point to object Y’). This
procedure, however, involves two possibilities of making a mistake:
if participant’s memory for the layout is poor, he or she is likely to
wrongly set him-/herself in the imagined environment in the first
place. The total angular error is therefore a sum of two possible mis-
takes, which makes this procedure not viable for a spatial setting of
non-trivial geometry, lacking any distinctive landmarks serving as a
universal point of reference.

A more flexible method of assessing spatial memory is a Sketch
Map Drawing Task. In it, participants are simply asked to draw the

1 A cognitive map introduced by (Tolman, 1948) is a mental representation of survey,
or ‘bird’s eye’ knowledge of the environment acquired spontaneously from naviga-
tion (Nadel, 2013).
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spatial memory test (miniature task)

layout of the environment they have visited. Due to varied draw-
ing skills and multiple ways of representing space, the variability of
obtained answers is typically large. This makes making comparis-
ons across larger number of participants problematic. For example,
poorly remembered landmarks might be omitted in some maps and
other objects, not initially meant to serve as such, might be included.

The main aim of measuring spatial memory in this thesis was to
draw conclusions on the participants’ understanding of the relation-
ships between individual pictures. For this reason, the task employed
must have encouraged participants to report assumed location of all
of them and not only the most prominent ones. Concurrently, other
objects potentially well remembered from the visit were not of in-
terest to this thesis.

Those requirements could only be fulfilled with a purpose-built
method. ‘Miniature Task’ was designed, inspired by various modific-
ations of sketch map-based exercises previously reported in literature
(von Stülpnagel & Steffens, 2012; Münzer, Zimmer, Schwalm, Baus &
Aslan, 2006; Waller, Loomis & Steck, 2003). In the Miniature Task,
participants were presented with miniature versions of all pictures
previously seen inside the gallery and the floor plan of the space. No
distractors (such as pictures not previously seen in the gallery) were
presented, contrary to Recognition Memory Test. Visitors were asked
to align picture miniatures with the walls on the floor plan accord-
ing to where they think they saw the picture in the gallery. Duration
of the task was not limited. During Experiment 2 and BALTIC Case
Study the task was presented on a computer screen and participants
used ‘drag-and-drop’ method to manipulate miniatures with a mouse.
The Miniature Task can therefore be interpreted as a forced-choice ad-
aptation of the sketch map concept (Fig. 10.1).

The reason participants were presented with this test after the Re-
cognition Test is that it did not contain any distracting stimuli—all
pictures presented as miniatures were previously seen in the gal-
lery. Thus, administering the tests in the opposite order would most
likely update participants’ recognition memory and bias their reac-
tion times in the Recognition Memory Test as testing increases the
likelihood of future recall (McDermott & Arnold, 2013). Concur-
rently, since Miniature Task only measured spatial memory perform-
ance, it is unlikely that the Recognition Memory Test had enhanced
the scores of the Miniature Task.

10.1 analysis of the miniature task results

Analysing Miniature Task, similarly to Sketch Map Drawings involves
an interpretational challenge at the stage of transforming visual out-
put produced by the participants into quantitative descriptors required
for further statistical analyses. Any type of such numeric variable, in
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10.1 analysis of the miniature task results

Figure 10.1.: Sample participant performing the Miniature Task.

order to allow comparisons between individual cases, must reduce
the variance of the exact pictorial output to a single descriptor of
some limited aspect of the answer. This thesis considers three distinct
methods of analysis in order to account for most relevant aspect of the
obtained output. Depending on the exact spatial differences across
the analysed conditions, distinct methods of analysis were used.

Bidimensional regression is a method noticeably gaining popularity
for sketch map analysis in spatial cognition studies. This statistical
concept was initially introduced to spatial sciences by a geographer
Waldo Tobler (Tobler, 1965) and later it has been adapted to sketch
map analysis by (Friedman & Kohler, 2003). Most recently, Car-
bon (2013) developed an R function, and Gardony, Brunyé, Taylor
and Wolford (2013) a GUI software with the aim of popularising the
method in spatial cognition research. From a statistical viewpoint,
bidimensional regression is very similar to regression analysis, but it is
performed on two-dimensional coordinates of each point. A single
point can represent the memorised location of a landmark, or—in
the context of this thesis—an artwork. The positions of all points
on participant’s sketch map are statistically correlated with their true
positions on a reference map.

One clear advantage of bidimensional regression is the fact that it is ro-
bust to consistent distortions (such as underestimated distances) and
represents whether the relations between the objects are kept. How-
ever, it remains insensitive to the presence of walls segregating the
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layout into a nonlinear arrangement of subspaces. In consequence,
the measure does not differentiate between ‘same-wall’ and ‘across-
wall’ types of errors. For example, the participant might make a rel-
atively small mistake by placing a picture miniature 1 cm to the side
of its original location on the true wall surface (‘same-wall’ error).
Another participant might place the object on the wrong side of that
wall, which is also often equal to 1 cm shift in its coordinates (‘across-
wall’ error). Bidimensional regression is insensitive to this difference.
In result, there exists a risk of inflating the final scores of those parti-
cipants, who performed poorly by making across-wall types of errors
more often. Another disadvantage of the measure is the fact that it
only offers a generic score reflecting the participant’s performance in
the whole task. It therefore does not make it possible to make any
performance comparisons between individual locations (i.e. if the
content of some of them was remembered better from others).

In case bidimensional regression would indeed prove to inflate spa-
tial memory results of poorly performing participants, an alternative
method of scoring Miniature Task solutions was prepared. Back-to-
the-Wall statistics was developed specifically for the purpose of this
thesis. It calculates the result of Miniature Task based on the question
whether the participant placed each picture back on the correct wall.
For each picture, 1 point is given if the solution of the Miniature Task
contains its representation back on the wall where it has really been
seen inside the gallery, and 0 points if it is placed on a different wall.
The sum of points divided by the total number of pictures creates
Mean Personal Back-to-the-Wall score ranging from 0 to 1. Personal
Mean equal to 0 indicates that a participant has placed all pictures on
wrong walls while the value of 1 would reflect a situation where all
pictures were placed anywhere along the true walls they have been
seen inside. Similarly, mean values for each location can be calculated
by pooling their average from all participant’s results. This will make
it possible to compare locations which were, on average, remembered
better than others.

Despite these advantages, Back-to-the-Wall statistic bears a number
of significant limitations. Firstly, it ignores many details about the
actual relations between objects remembered by the participants. For
example, it is possible to obtain the maximum possible mean score of
1 even in the presence of multiple mistakes, such as misplacing two
pictures adjacent to each other on the same wall. It therefore does not
support reasoning about the detailed nature of spatial memory, but
only rough estimates of its general performance. This might partic-
ularly affect the scores of better performing participants by reducing
the variability of results between them.

Secondly, despite the fact it is improbable to perform well in the
Miniature Task by chance (due to the number of available wall sec-
tions), it is possible that a poorly performing participant makes a con-

132



10.1 analysis of the miniature task results

sistently biased, non-random decision about the placement of a spe-
cific picture. For example, choosing walls containing higher number
of pictures increases the chance of success. This bias however seems
to be inevitable. Even in layout-independent measures, such as point-
ing task, participant can always acquire a strategy of pointing to the
angle range containing higher density of targets. However, such bias
actually promotes having some spatial memories of the environment
over having none, possibly distinguishing those poorly performing
participants who at least remembered most densely occupied walls,
from those who did not.

Lastly, Back-to-the-Wall score might be biased by the wall length. It
is possible that a participant having no spatial memories of the envir-
onment bases his or her answers to the Miniature Task purely on the
perceived length of the walls on the layout provided. If this was true,
we can expect that longer walls will be linked to higher ‘false posit-
ive’ error rates than shorter walls. Such bias would not jeopardise the
validity of the measure as long as it would only affect the incorrect
answers. This would only suggest that those participants who had
poor spatial memories of the environment used the cues provided
by the task (i.e. by the miniature layout) to guide their responses.
Given there is no linear relation between correct locations of pictures
and wall lengths, this strategy would not help them to score higher.
However, a situation in which correct answers are correlated with the
wall length could mean that this cue also affected the responses of
well-performing participants. We will control for these factors in the
relevant part of the analysis.

Third measure of spatial memory employed in this thesis is based
on String Matching techniques originally developed in mathemat-
ics and commonly used in modern computer science. The method
has been previously employed for analysing spatial data by Conroy
Dalton (2001), and already described in Section 8.3. In the context
on analysing Miniature Task results, we can represent the sequence
of pictures hanging on a single wall as a sequence of letters, where
each letter is associated with a single picture. A one-dimensional
representation of the sequence of pictures, as they are hung on the
wall, constitutes a ‘string’. For example, we could represent a set of
three pictures hung next to each other as a string ‘A-B-C’. In the Mini-
ature Task, participants are asked to place miniature versions of the
pictures on the walls they think they saw them on inside the gallery.
For the purpose of this example let us assume that a sample parti-
cipant of the Miniature Task has placed three pictures on a sample
wall: ‘A-C-F’. String Matching algorithm can be used to determine
how much the response provided by the participant differs from the
reference string originally present in the gallery, allowing us to assess
the level of participant’s spatial memory for the wall’s content. Dif-
ferent String Matching algorithms consist of different rules used to
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quantify the difference. For a detailed review of various algorithms,
the reader might wish to turn to the works by Wagner (1975), Kruskal
(1983), and Stephen (1992). Appendix B provides a summary of this
literature and the necessary context for understanding the custom-
built algorithm used specifically for the purpose of Miniature Task
analysis. This custom algorithm was designed and written in Python
based on Weighted Damerau-Levenshtein Distance (Chey, 2013), but
allowing for unlimited number of swap actions. Additionally, custom
weights can be associated with each action type. The algorithm would
determine whether to perform multiple swaps or a substitution based
on their cost, so that the result is always the lower of two possibilities.
Hence, in the Miniature Task analysis, the lower (better) score would
always be given to those participants who placed picture miniatures
closer to their original locations.

The advantage of this measure lies in the fact that—unlike Back-to-
the-Wall score—it considers participants’ performance at higher gran-
ularity of exact sequence ordering. This provides more accurate dif-
ferentiation between individual participants, especially at the higher
level of performance. However, the measure becomes problematic
in a more complex layout settings, where the relations between indi-
vidual walls are non-trivial. It is not always clear what constitutes a
single string, and how the pictorial two-dimensional representations
should be coded to a one-dimensional string of characters. For in-
stance, deciding that the inside wall surface of a rectangular room
can be considered as a single string, bears significant theoretical as-
sumptions about the organisation of human spatial memory which
go beyond the scope of this thesis. For these reasons, the measure
will only be used in very simple layout settings of Experiment 2.

Table 10.1 below summarises all measures used to score Miniature
Task. Further details will follow in study-specific sections, as we will
determine which of the variables are most suitable for the given pur-
pose.
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Measure Definition Reason for Including Previous Usage in the Field
Back-to-the-Wall The proportion of pictures

which were placed back to
their correct, original wall in
the Miniature Task.

Generic assessment of spatial
memory performance which
is robust to complex spatial
settings.

Previous usage unknown;
measure introduced for the
purpose of the thesis.

Bidimensional Regression Correlation of two-
dimensional coordinates
between picture miniatures’
placements and their refer-
ence locations.

Contrary to Back-to-the-Wall,
it preserves detailed spatial
relations between individual
objects.

Established measure.

Adrien-Kuba Distance (String
Matching)

Quantified difference
between two sequences
of pictures (participant’s solu-
tion and the true reference
sequence), based on their
one-dimensional character
representations.

Contrary to Back-to-the-Wall,
it preserves detailed spatial
relations between individual
objects.

Previously used in a similar
context by Conroy Dalton
(2001). Custom-built modific-
ations were introduced to the
algorithm.

Table 10.1.: Miniature Task Measures.
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S PA C E S Y N TA X A N A LY S I S

All galleries used in the study were measured by the researcher with
a laser measuring device and sketched as CAD drawings. All Space
Syntax and Isovist analyses were conducted using Depthmap 10.14.00b
(Turner, 2001) and its newest version depthmapX. Each variable can
be represented as a visualisation of the relations between points in
space, with a numeric value associated with each of them.

The measures used in the analyses included standard variables de-
scribing size and shape of an isovist (previously explained in Sec-
tion 5.2) which were calculated from the centre point of each picture’s
location in the gallery layout. Additionally, a number of factors which
were suggested to play a significant role in the context of an art gal-
lery visit were operationalised under the following spatial measures:

• Visibility Catchment Area (VCA) - as described in Section 5.2,
it has been suggested (Stavroulaki & Peponis, 2003) that a
60

�visibility cone in front of each artwork might bear a signific-
ant impact on the visitor experience. Depthmap software offers
the functionality of calculating partial isovists but the options
available do not include a 60

�angle and the method of defin-
ing its direction is imprecise. For the purpose of the analysis,
for each painting, a 60

�cone was superimposed on the CAD
drawing perpendicularly to the wall, with its apex at the centre
of the picture. Subsequently, a standard isovist was generated
from the inside point of the tip of the cone. As a result, the
boundaries of the visibility cone served as outer boundaries of
the isovist and its area could be derived.

• Potential Co-Visibility - As discussed in Section 5.2, making as-
sumptions of the exact co-visibility of multiple objects based
solely on their spatial location is impossible. Since participants’
trajectories through space and head orientation cannot be known
until they are observed, co-visibility can be only estimated. This
thesis defines Potential Co-Visibility of a picture as the number of
other pictures remaining within its isovist area. Higher number
on this scale reflects higher probability of being co-visible with
any other picture at any given moment. In other works, the
measure operationalises the potential impact of a certain spatial
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space syntax analysis

location due to its co-visible positioning. Minimum value was
0.

• Targeted Co-Visibility - Assuming the special role of VCAs in
guiding the visitor’s experience, it would be theoretically plaus-
ible to expect that co-visibility occurring from within VCAs
might bear more impact on participant’s memory than a situ-
ation in which pictures are co-visible at oblique angles. One
potential explanation of such phenomenon would be that co-
visibility disturbs participants while they remain within the ‘com-
fortable area of viewing’ a picture—its VCA. To account for this
possibility, the two concepts described above were combined to
create another spatial measure. It is based on the concept of tar-
geted visibility proposed by Lu and Zimring (2012), and already
described in Section 5.2. A custom made Depthmap script was
kindly provided by Yi Lu (personal communication, 2013) and
modified for the purpose of the analysis. The script supple-
ments Visibility Graph Analysis by calculating how many pre-
defined ‘visual targets’ are visible from each grid cell in space.
Centre points of picture locations were defined as such ‘visual
targets’. Following these calculations, ‘targeted visibility’ values
of all grid cells lying within the VCA of a given picture were av-
eraged and the resulting mean was associated with the location
of the reference artwork. As a result, the measure of Targeted Co-
Visibility reflected mean number of potentially visible pictures
for a person moving within its Visibility Catchment Area with
the minimum possible value of 1.

Table 11.1 below presents a combined summary of all Space Syntax
and Isovist measures used in the study.
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Measure Definition Reason for Including Previous Usage in the
Field

Isovist Area Total floor area visible from the
point of reference (in the case of
this thesis: the centre of a pic-
ture).

A classical measure describing
visibility.

Established measure.

Isovist Jaggedness Area-to-Perimeter ratio describ-
ing the ‘spikiness’ of an isovist.

Previously linked with cognitive
response to the spatial environ-
ment.

Established measure.

Visibility Catchment
Area (VCA)

Isovist area constrained to 60 de-
grees.

Describes theoretically pleasing
concept of ‘area of comfortable
viewing’.

Suggested by others re-
searchers. Unused in
empirical experiments.

Potential Co-Visibility Number of pictures co-located
within the isovist area of the ref-
erence artwork.

Describes the potential level of
visual distraction.

Used in at least one
other study.

Targeted Co-Visibility Mean number of pictures vis-
ible from within the reference art-
work’s VCA.

A more refined measure of poten-
tial spatial distraction.

Used previously in a
different context (hos-
pital analysis).

Table 11.1.: Space Syntax Measures.
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H Y P O T H E S E S

Being grounded in empirical and theoretical work at the intersection
of three distinct disciplines, this thesis aims to make original and
confirmatory contributions at distinct levels of generalisability. This
section will gather and describe stated hypotheses. Some of them
are detailed confirmations of controversial findings from the exist-
ing studies, and others suggest novel, broader contributions at the
intersection of multiple disciplines. Key original contributions are in-
dicated with an asterisk next to the hypothesis’ number. These are
complemented and reviewed as the work progresses in accordance to
the developing empirical interpretations (Section 17.6 on p. 227 and
Section 21.6 on p. 278). Further in the thesis, Section 25.1 on p. 319

will look back at these hypotheses and review them in the context
of empirical work undertaken in the current series of studies. Sec-
tion 25.1 will also further discuss the weight of contribution deriving
from verifying (or falsifying) each individual hypothesis.

12.1 what are the generalisable patterns of human ocu-
lomotor behaviour inside art galleries and how

they impact memory (a)

• (A1): The process of viewing a work of art seems to be divided
between (a) getting a quick ‘gist’, and (b) diligent examination
of individual pictures. Thus, it can be expected that the dis-
tribution of dwell lengths will be heavy-tailed: with a large
number of Short Dwells similar in length, and a more diverse
set of longer ones. Similar distribution has already been ob-
served (but not quantified) in a preliminary eye-tracking mu-
seum study by Wessel et al. (2007).

• (A2): A finding from the study conducted by J. K. Smith and
Smith (2001) suggested that Total Dwell Time per picture aver-
ages to about 30 seconds. Similarly, it took about 30 seconds
before participants in the laboratory-based study of Locher et
al. (2007) processed the artworks to a satisfactory degree to as-
sign a pleasingness rating to the viewed artwork. This can be
directly verified within the current thesis in context of multiple
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hypotheses

different art gallery set-ups, containing different numbers of art-
works.

• (A3*): Concurrently, high variance of average viewing times per
picture has been found (J. K. Smith & Smith, 2001), presum-
ably resulting from the difference in their attractiveness or com-
plexity. Previous studies, however, were not able to disconnect
the impact of spatial location from the impact of artwork’s con-
tent. It remains to be verified whether a significant difference
between average Total Dwell Times of individual pictures occurs
in this thesis’ experimental set-up, where pictures were visually
similar and rotated their locations. It is expected that the impact
of by-picture variance, partially explained by Salience Rating will
remain significant, but to a lesser extent than the impact of spa-
tial factors.

• (A4): Eghbal-Azar and Widlok (2013) suggested that mobile eye-
tracking might be useful in discovering ‘exhibition visit scripts’
- a local, or global viewing sequence repeated by multiple par-
ticipants. Similarly, (Wineman et al., 2006) stated that mu-
seum visitors tend to engage separate elements of an exhibition
within thematic grouping and the more visible spatial grouping
is, the stronger this tendency. This work hypothesises that the
presence and variability of such repeatable viewing sequences
vary, depending on the layout of the exhibition. Mean Normal-
ised Levenshtein Distance (MNLD) described in Section 8.3 can be
used to compare the similarity of viewing sequences between in-
dividual participants. Significant cross-conditional differences
are expected.

• (A5): In terms of the eye movement’s relation to memory per-
formance, B. W. Tatler, Gilchrist and Land (2005) found that
memory for object’s position accumulated with number of fix-
ations, while memory for object’s presence and colour did not.
This suggests that Number of Dwells and Total Dwell Time should
predict participant’s Spatial Memory of individual objects, but
not their Recognition Memory. One limitation of this statement is
the fact, that in the above study, participants were only allowed
to look at the scene for 5 seconds. Since viewing mode fluc-
tuates with viewing duration (Krejtz, Duchowski & Çöltekin,
2014), this hypothesis might only be true for participants who
spent less time looking at pictures.

12.2 how space impacts oculomotor behaviour (b)

• (B1): Above all, this thesis assumes that in a museum setting
the ‘default cognitive task’ of viewing pictures overrides reg-
ular oculomotor behaviour typical for locomotion outside art
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12.2 how space impacts oculomotor behaviour (b)

galleries (Hollands et al., 2002). Equivalently to this statement,
it has already been suggested that the presence and location of
artworks affect locomotive and viewing behaviour inside mu-
seums more than the physical boundaries of the building (Stav-
roulaki & Peponis, 2003). Since it is difficult to imagine a situ-
ation where a real-life 3-dimensional environment is explored
with no ‘cognitive task’ whatsoever, it can only be expected that
a pattern of eye movement with no ‘default’ cognitive task of
viewing pictures would be highly dependent on the visibility of
individual wall segments1. If pictures really become the default
visual targets inside a gallery-like environment, it can be expec-
ted that the proportion of fixations falling on pictures will be
higher, than what it could be expected from the share of those
pictures’ surface in the entire wall surface area or in the visibil-
ity of individual wall segments.

• (B2*): As we have discussed earlier, the ‘top-down’ influence
of high-level cognitive processes on visual attention for pictures
can also become present in situations when visitors sense higher
prominence of a particular location (Wiener et al., 2007). In
such a situation, the prominence of location might be associ-
ated with the importance of the artwork which occupies it, and
result in longer and more frequent viewing. Thus, the primary
hypothesis this thesis states in relation to the influence of space
on human attention is that more prominent locations (opera-
tionalised as those having larger Isovist Area, and larger VCA
attract longer Total Dwell Lengths and higher Number of Dwells.
An alternative—‘bottom-up’—explanation of such effect would
be the higher chance a more visible painting has of falling into
the viewing field of a visitor freely exploring the gallery un-
der the assumption of a purely random selection of the visual
target.

• (B3): In his early work, Robinson (1928) suggested that the aver-
age time of investigating individual pictures does not decrease
proportionally to the number of pictures in the gallery. There-
fore, it can be hypothesised that the average Total Dwell Time of
30 seconds per picture will remain unchanged regardless of the
total number of pictures present in the gallery.

• (B4): Robinson (1928) also emphasised the impact of low Co-
Visibility in lengthening viewing time, but only if the ‘isolation
is complete’, i.e. when only a single picture is visible on its
own. He found no such effect when any other, ‘non-complete’

1 A person randomly exploring a 3-D environment and performing random, task-free
eye gazes, would fixate more often on wall stretches which are more visible relative
to other wall stretches in that space.
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isolation was arranged. Robinson’s findings can therefore sug-
gest that pictures placed at locations where no other pictures
are co-visible will be viewed for longer than others.

• (B5): In a similar manner, Bitgood (2010) predicts longer, un-
disturbed individual dwells and better ‘understanding of the
exhibition’ when the exhibition is organised sequentially, with
less freedom left to the viewer. He does not mention that the
isolation must be ‘complete’, thus suggesting a more linear, neg-
ative relationship between Co-Visibility and the proportion of
long dwells.

• (B6): In his model, Bitgood (2010) also indicates that leaving
more freedom of choice to the viewer and organising the exhibi-
tion in a non-sequential way (i.e. providing higher Co-Visibility)
will result in—as he termed it—‘spotty-focused’ attention, as
the stimuli will draw attention from each other. Such situation
can be operationalised as higher Picture-Switching value in the
current method. The resulting hypothesis is that Co-Visibility
will be positively correlated with Picture-Switching, as ‘spotty-
focused’ attention is more likely to occur under such circum-
stances.

• (B7*): Bitgood (2010) additionally suggests that the last stage
of viewer-artwork interaction is mostly dependent on subject-
ive factors involved in making meaning of the viewed object.
Since meaningful interpretation develops over time (Leder et
al., 2004), Bitgood’s suggestions can be operationalised as longer
period of deliberate viewing. The author downplays the role
of external, environmental factors at this stage of the interac-
tion, indicating that the presence of long dwells is not correl-
ated with spatial characteristics (such as Co-Visibility, or Vis-
ibility Catchment Areas). Considering research in Architecture
and Spatial Cognition, this thesis however proposes an altern-
ative hypothesis: that environmental factors will play a role
even at this stage of the process and that the presence of long
dwells will not affect the dependence of the human attention and
memory on the external spatial factors.. This would demon-
strate that making meaning of the exhibition is not a process
guided by purely subjective decisions, but that space can—to
some extent—facilitate even longer, deeper engagement with
art.

• (B8): One of the environmental factors affecting number of long
dwells might be the presence of multiple pictures hanging on
the same wall. As Tröndle, Greenwood, Bitterli and van den
Berg (2014) demonstrated, multiple pictures adjacent to each
other may be perceived as a holistic creative entity and, as a res-
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12.3 how space impacts memory (c)

ult, viewed from a larger distance, and from a larger set of di-
verse locations. Such situation is contrary to viewing individual
works from uniform ‘hotspots of interest’ typically located dir-
ectly in front of the paintings. Spatial configurations contain-
ing higher number of adjacent pictures at the same walls are—
according to this hypothesis—likely to result in smaller number
of long dwells.

12.3 how space impacts memory (c)

• (C1): The negative effect of divided attention on memory pre-
dicts that higher Co-Visibility of multiple pictures will decrease
Recognition Memory (i.e. increase Reaction Times).

• (C2): Landmark literature suggests, that in real-life 3-dimensional
spaces object-oriented Recognition Memory is correlated with the
objects’ perceived salience while its Spatial Memory is not. In-
stead, Spatial Memory of its location is linked to the importance
of object’s location for the given spatial task. Such interpret-
ation assumes a positive correlation between picture-oriented
Recognition Memory results and the artwork’s Perceived Salience.

• (C3): This framework also provides a hypothesis regarding the
effect of Potential Co-Visibility on Spatial Memory for object’s loc-
ation - the higher Potential Co-Visibility, the higher might be the
perceived spatial importance of an object, and thus its location
might be recalled better.

• (C4): In their preliminary study, Dalton et al. (2010) have shown
that pictures presented on a public display indoors were re-
membered better if the location of the display was defined by a
spiky, and not round isovist. According to this finding, it can
be hypothesised that higher Isovist Jaggedness (describing a more
spiky isovist) will be correlated with better Recognition Memory.

• (C5): One additional finding by Dalton et al. (2010) revealed
that pictures were remembered better from words when presen-
ted from large Isovist Areas, and worse from them if presented
from small Isovist Areas. Despite the fact that no direct com-
parison can be made to the method employed in this thesis (as
no words were subject to testing), this finding allows to form
a speculative hypothesis that in the real-life 3-D environment
explored spontaneously, larger Isovist Areas will result in better
Recognition Memory.

• (C6*): A similar effect can be predicted for larger Visibility Catch-
ment Areas, as—contrary to the entire isovist area—they describe
the ‘area of comfortable viewing’. It can be hypothesised that
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maximising such an area reduces the cognitive load associated
with processing fluency of the picture’s content relative to other
artwork locations and thus enhances visitors’ Recognition Memory.

• (C7): Based on the classic memory experiments and physiolo-
gical studies (Tröndle, Greenwood, Bitterli & van den Berg,
2014) a ‘serial position effect’ can also be expected. It is pre-
dicted that the picture seen as the first and last will be re-
membered better, however the recency effect might be much
smaller (even statistically non significant) in the presence of a
temporal gap proceeding the recall phase. Importantly, it is
predicted that strong primacy effect will prevail under distinct
spatial configurations, despite different visibility properties of
the first stimulus in the series.

12.4 other factors (d)

Additionally to the hypotheses directly linked to the main research
question stated by the current thesis, a review of the existing literature
indicates the importance of considering additional factors strongly in-
fluencing human memory and attention in our everyday surrounding.
Even though it is not the aim of this work to investigate the nature of
these factors, considering them during data analysis is important, as
they might influence the effects this work is interested in.

• (D1): For instance, classical findings in visual memory noted
that older participants remember less pictures. This factor will
be considered, as the empirical studies described in this thesis
recruited a very diverse group of participants.

• (D2): Also the importance of ‘the museum context’ has been ex-
emplified in a number of recent museum-based studies (Brieber
et al., 2014; Tröndle, Greenwood, Bitterli & van den Berg, 2014).
Viewing times inside real art galleries have been shown to be
longer compared to laboratory-based settings. Therefore, it is
expected that Total Dwell Lengths will be higher in the BALTIC
case study, compared to two other experiments conducted within
the current thesis. It must be noted however, that this hypo-
thesis cannot be reliably verified in a situation where each of
the studies was conducted at a different floor area, and with
a different number of artworks. It would, however, offer an
alternative explanation to the assumption that the attention de-
voted to individual pictures shall remain stable despite their
larger number (Robinson, 1928), or decrease under such condi-
tion (Serrell, 1997; Yoshimura et al., 2012; Bitgood, 2010). Con-
sequently, in case of significantly higher Total Dwell Lengths in
the larger and more densely arranged BALTIC gallery, such an
effect can potentially be linked to its stronger ‘museum context’.
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12.4 other factors (d)

• (D3): Also, Wineman et al. (2006) found that the impact of spa-
tial layout was higher for participants who spent more time in-
side the considered exhibitions. Since time is expected to be
one of the main linear predictors of Total Dwell Times and Num-
ber of Dwells performed inside the gallery2, this statement, even
if verified, might have limited applicability.

• (D4): Considerable number of studies showed a direct linkage
between viewing time and memory (Loftus, 1972; Holling-
worth & Henderson, 2002), although the exact reasons for this
effect, especially in consideration to task-specific factors are a
subject of an ongoing debate (Hollingworth, 2012; B. W. Tatler
& Tatler, 2013).

2 It is unlikely that at some point of the visit participants simply stop attending to
pictures, thus dwells will accumulate over time.
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13

M E T H O D

In this exploratory experiment1, participants were invited to visit a
non-public art gallery arranged in the ‘Squires Annexe’ building oth-
erwise used as a studio and exhibition space by Fine Arts students
of Northumbria University in Newcastle, UK. Figures 13.1 and 13.2
demonstrate the overview of the environment. The study was con-
ducted between the 16th and 31st of August 2012.

13.1 procedure and participants

The procedure was based on the one described in Section 6. Thirty-
two participants were invited for the study through the university
email system and local job-seeker internet discussion forums. One
participant declared previous familiarity with the gallery space and
was removed from all subsequent analyses due to the influence of
previous knowledge on spatial memory performance (O’Neill, 1992;
von Stülpnagel & Steffens, 2012). The remaining 31 visitors (13 fe-
male) were aged between 18 and 63 years (M = 31, SD = 11.84). No
artists or architects were allowed to participate. One participant ar-
rived without reading the briefing information provided in the invita-
tion email, and therefore was briefed with the remaining details prior
to starting the experiment.

Participants were randomly assigned to one of two experimental
groups depending on the scheduled day of the meeting. Fourteen
participants explored the gallery in experimental Condition 1, and 17

in Condition 2. Time limit of 30 minutes was imposed due to the
battery capacity of the eye-tracking device. The instruction emphas-
ised that the participant is not required to spend all this time inside
the gallery and can leave on his/her own discretion. Following the
calibration of the eye-tracker, each participant was brought in front
of the gallery entrance and asked to use the other door at the end
of the gallery to exit. Two participants have ignored this instruction
and left the gallery through the same door as they entered. Their
data was included in the analyses, as all statistical procedures con-
sidered the real oculomotor dwells, i.e. the sequence of looking—and

1 Parts of this section were previously published in (Krukar, 2014b)
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method

Figure 13.1.: A view of the gallery.

Figure 13.2.: A view of the gallery (same space, different angle).
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13.2 space and materials

Figure 13.3.: Pictures used in the study together with single-letter
identifiers used throughout the data analysis.

not the spatial sequence—in order to investigate the relation between
oculomotor behaviour and memory.

13.2 space and materials

Both conditions contained the same set of 14 artworks. Images used
in the study were digital collages of equal dimensions (portrait-oriented
A3), created by a local artist and an MA student at Northumbria
University’s Fine Art Department, Susi Bellamy (Bellamy, 2012, Fig-
ure 13.3). No labels or textual information about the artworks were
provided.

The arrangement of the gallery walls was identical in each condi-
tion, but the placement of the pictures’ locations differed (Figure 13.4).
Note that (as it will be shown quantitatively in Section 14.1) this is suf-
ficient to create the diversity in visual measures, which are the main
scope of this work. Therefore, the effect of the modification of spatial
and visual relations can be generalised to spatial layouts per se.

It is important to note that what people spontaneously memorise
might result from the interaction of the location’s spatial prominence
and the stimulus’s perceived salience. For that reason, pictures’ per-
ceived salience has been established in an independent study, and
controlled (Section 13.6). Moreover, in order to further separate the
effect of space from the effect of artworks, the sequence of the pictures
seen inside the gallery was randomised for each participant. There-
fore, each visitor had seen the same pool of pictures (Figure 13.3) in
one of two sets of locations (Figure 13.4), but in a unique, random
combination. This makes it possible to separately investigate the the
influence of picture and the influence of space. It was hypothesised
that significant impact of space will prevail, despite the influence of
individual pictures’ perceived salience.
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Figure 13.4.: Two spatial layouts arranged for Experiment 1 together
with unique location-identifiers used throughout the
data analysis. Note the identical arrangement of the
walls but different arrangement of an equal number of
pictures. The dimensions of the gallery’s external walls
were 9.8x7m.

13.3 eye-tracking recordings

‘Tobii Glasses 1’ eye-tracker was used in the experiment. The calibra-
tion was successful for 30 participants, whose recordings were extrac-
ted and coded according to the procedure described in Appendix A.1.
The coding procedure considered instances of each picture dwell, as
well as (jointly) dwells on walls, floor and the ceiling.

13.4 recognition memory test (reaction times)

Recognition Memory Test was presented via OpenSesame software
(Mathôt et al., 2012) on a 17” laptop with two keys (‘A’ and ‘L’) labeled
as ‘YES’ and ‘NO’ with black-and-white printed stickers. Subjects
were instructed to answer whether they saw the displayed picture
in the gallery or not. Accuracy and speed were emphasised in the
instruction. Images were shown one at a time in a random sequence,
each preceded by a fixation cross on a blank screen lasting for 250

milliseconds. Three additional, unrelated objects were shown at the
beginning of the test for the purpose of procedural training. All 14

pictures presented in the gallery were included, with another 14 being
new - either completely new or modified versions of the pictures seen
in the gallery. Appendix E contains all distracting stimuli used in
the Recognition Memory Test. Despite the fact that the eye-tracker’s
calibration was unsuccessful in two cases, the affected participants
were unaware of the equipment failure and therefore still performed
the task in the same context as all other participants. For this reason,
the data obtained from their memory tests was used in all analyses
which did not require matching with eye-tracking data.
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13.5 spatial memory test (miniature task)

Figure 13.5.: Sample solution of the Miniature Task.

13.5 spatial memory test (miniature task)

The Miniature Task was presented on a separate table as a printed A3

layout of the gallery. Picture miniatures were cut out separately and
participants were free to move them around the layout. No time limit
was imposed.

All participants produced valid solution. If ambiguities in mini-
ature placement were present, the researcher asked to specify which
exact wall location the participant considers correct and to adjust the
position of the miniature. The solution was photographed together
with a unique participant ID number in order to link the result to
one’s performance from other stages of the experimental procedure.
Memory card failure caused data lost of one solution. Figure 13.5
presents a sample solution.

13.6 perceived picture salience study

In order to further control perceived salience of individual pictures
contributing to the final gallery experience, a separate online exper-
iment was conducted on an independent group of 54 participants
recruited through social network portals. Qualtrics online platform
(Qualtrics, 2013) was selected to host the study. The procedure was
designed to imitate the one described by Miller and Carlson (2011).
Participants were presented with a pool of 14 pictures used in the gal-
lery study and asked to ‘drag and drop’ them on their screen accord-

155



method

ing to ‘how much they draw your attention’. Because this method
would not be feasible for a large number of visual stimuli presented
simultaneously on a small computer screen, pictures were displayed
in two sets of three and two sets of four. The order of the pictures dis-
played on the screen was fully randomised, and the content (i.e., the
neighbourhood of other pictures in which each picture appeared) was
quasi-randomised in four experimental blocks. Out of 54 participants
who took part in the independent salience study, 14 were removed
due to not finishing the survey, outlying engagement time, or no
‘drag and drop’ action taken on at least one of four picture sets. Res-
ults of the remaining participants (N = 40; 22 female; mean age = 28.74,
SD = 8.06; mean time spent on the survey = 189 sec., SD = 64 sec.) were
calculated in the following way: for being dragged to the first posi-
tion on the screen, a picture was given the score of 1. For being placed
2nd, 3rd and 4th the scores were 0.66, 0.33 and 0 respectively for four-
picture sets. For the 2nd and 3rd position in a three-picture set 0.5
and 0 points were given. Mean score of each picture was pulled from
the positions given to it by each participant and this constituted the
Salience Rating falling between the range of 0 and 1. Salience Rating
results were linked to individual pictures. In this case a score of 1

would indicate that every participant dragged the picture to the first
position along its neighbours. Mean value equal to 0 indicated that
all participants placed the object at the bottom of the set in which
they saw it.
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D ATA A N A LY S I S

All statistical analyses were conducted using R (R Core Team, 2013).
Figures were generated using ggplot2 package (Wickham, 2009).

14.1 cross-condition differences : space syntax and iso-
vist analysis

In order to quantify spatial differences between Condition 1 and Con-
dition 2, mean values of spatial properties of separate picture loca-
tions were compared (Figure 14.1).

Firstly, mean VCA for locations in Condition 1 was larger (M = 117464,
SD = 63268) than in Condition 2 (M = 99261, SD = 69807). Secondly,
mean number of other objects present within single location’s isovist
was larger in Condition 2 (M = 3.86, SD = 2.35) compared to Condi-
tion 1 (M = 2.86, SD = 1.56), indicating that potential co-visibility of
multiple pictures at any given moment was higher in Cond. 2. On
the contrary, the size and ‘spikiness’ of isovist areas for locations in
both conditions were similar. This confirms that both conditions al-
lowed visitors to look at pictures from a similar proportion of the
total gallery area and that the stability of these visual experiences
was comparable. The difference lied rather in their quality: Condi-
tion 1, with higher VCAs and lower potential co-visibility was expected
to facilitate more comfortable and less distracted viewing.

It also important to note, that the coverage area of picture isovists
in both conditions was equal to 100% of the floor area. This means
that no matter where the visitor would stand in the gallery, he or
she would always be able to visually engage with at least one pic-
ture. There were no ‘blank spots’ of unused floor surface. This fact,
together with similar mean size of individual isovist areas further
demonstrates that both spatial arrangements were similar in terms of
the ‘quantity’ of the afforded visual engagement.

14.2 within-condition differences : space syntax and iso-
vist analysis

Measures described in Section 11 were calculated for each picture loc-
ation using Depthmap (Turner, 2001). Figure 14.2 below presents
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data analysis

Figure 14.1.: Cross-Condition comparison of main spatio-visual prop-
erties.

sample visualisations. Each layout location was linked with a nu-
meric measure describing its relation to all other grid cells of the lay-
out. Table 14.1 presents an example of this numeric representation.

14.3 eye-tracking measures

Eye-tracking measures described in Section 8.2 were obtained from
the coding logs, using a custom-built R script. Eye tracking data of
two participants could not be extracted due to technical reasons (in-
valid calibration). Additionally, three participants have not complied
to the instruction and did not look at all pictures, but only fixated at

Loc. Isovist Area VCA Iso Jagged. Targ. Co-Vis. Pot. Co-Vis.
x101 169526.55 52121 72.78 2.40 1

x102 134220.58 110788 32.94 4.47 2

x103 182688.61 48408 47.81 4.85 3

x104 126229.85 32137 33.12 3.98 2

x105 334998.31 112856 57.14 4.99 6

x106 315590.81 235743 47.69 6.77 3

Table 14.1.: An extract from the numerical dataset describing spatio-
visual properties of separate locations. Three isovist-
derived measures are specified in arbitrary Depthmap
units.
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Figure 14.2.: (a) Boundary Graph Analysis; (b) full Visibility Graph
Analysis; (c) sample Isovist, and (d) sample Visibil-
ity Catchment Area for the layout employed in Experi-
ment 1.
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13 of them. However, their results were kept in the database as in-
formal observations of the eye-tracking recordings revealed that the
missing pictures did appear in the periphery of their vision1.

The recordings were also used to calculate total time spent inside
the gallery by each participant (from the moment of the first dwell
occurring inside the gallery to the moment of opening the exit door).
In two cases where calibration was not successful, the videos still
provided an estimated value of time spent inside.

In order to establish what affected the oculomotor behaviour of the
gallery visitors, a statistical technique of linear mixed-effects model-
ling is used (Winter, 2013; Barr, Levy, Scheepers & Tily, 2013; Baayen,
Davidson & Bates, 2008). The relevance of this method comes from
the fact that the dataset contains multiple observations obtained from
single participants, i.e. the experimental design is a mixed within-/
between-subject design. In such circumstances, linear mixed-effect
models have been shown to bare higher statistical power compared
to by-item, or by-subject aggregated multiple regression, and to be
robust in the presence of missing values (Baayen et al., 2008).

For the analysis, all visual engagements with individual stimuli
were represented as 14 interactions associated with every single par-
ticipant. Table 14.2 presents a sample from the dataset used for the
model.

ids pic age loc Salience Rating Iso. Area VCA No. of Dwells RT
1 l 27 x101 0.19 169526.55 52121 6.00 2601

1 b 27 x102 0.40 134220.58 110788 6.00 886

1 j 27 x103 0.33 182688.61 48408 6.00 1878

1 i 27 x104 0.37 126229.85 32137 2.00 2586

1 e 27 x105 0.56 334998.31 112856 7.00 875

1 n 27 x106 0.46 315590.81 235743 6.00 2017

Table 14.2.: An extract from the dataset used for modelling. Each row
describes the set of interactions between a single parti-
cipant (id) and a single location (loc) while taking into
account the picture (pic) which was there located for a
given person. The interactions are also described with
spatio-visual properties calculated by Space Syntax meas-
ures, and the responses provided via eye-tracker and in
the memory tests. The example only contains a sample of
all measures as their exact selection differed on a case-by-
case basis.

1 The lack of a valid fixation in the dataset therefore did not result from misunder-
stood instruction but from technical reasons defining what a valid fixation is. The
participants’ understanding could be that they looked at all pictures even if no fixa-
tion was formally recorded within the employed data analysis procedure.
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Individual participants have distinct viewing patterns and vary in
the number and dynamics of the visual dwells they typically employ
during an art gallery visit (or any other everyday experience). In
result, their oculomotor behaviour in relation to 14 stimuli is linked
within-subjects. For instance, it can be expected that some viewers
will have higher average dwell numbers, and dwell lengths across
the entire gallery visit purely because they tend to explore art in a
more diligent manner in general. This violates the ‘assumption of
independence’ associated with the typical Analysis of Co-Variance
(ANCOVA) which could alternatively be used for the statistical ana-
lysis in this situation. Linear mixed-effect models account for these
individual dependencies as they allow the base-line intercepts of all
investigated effects to vary within separate subjects. This means that
a linear mixed-effect model can estimate the influence of spatial pre-
dictors on oculomotor behaviour after correcting for distinct patterns
in individual viewing tendencies. Such a model assumes that the
potential ‘base-line’ behaviour is different for each individual and
therefore the potential increase (or decrease) in eye-tracking variables
caused by spatial factors will ‘start’ from a different level for each
visitor.

Another violation of the ‘independence assumption’ comes from
the expected effect of individual pictures and individual picture loca-
tions. Some pictures, and—as this thesis argues—some locations, are
likely to generate more dwells or longer cumulative viewing times,
than others. Similarly to individual differences, this by-picture and
by-location variance can be accounted for in a mixed-effect model.
Additionally to differences between individual gallery visitors, this
makes the model ‘expect’ similarities within the same picture and/
or the same location. Those expected by-subject, by-picture, and by-
location effects are known as ‘random’ effects. On the contrary, gen-
eric predictors known as ‘fixed-effect’ predictors can be used by the
model to explain the observed variance after accounting for the ex-
pected similarities within random effects. Most importantly for the
research questions asked in this thesis, linear mixed-effect models al-
low the researcher to establish what proportion of variance due to dif-
ferences between individual locations remains unexplained by the known
(‘fixed’) spatial factors. In sum, this statistical technique makes it
possible to establish what impact do spatial factors have on the ocu-
lomotor behaviour of gallery visitors, and how much of this impact
remains present, but unexplained by the employed isovist measures.
Additionally, the technique allows the researcher to consider all data,
derived from both experimental conditions, in a single analytical pro-
cess. Lastly, by avoiding prior aggregation of the data (e.g. by de-
riving by-picture, by-location, or by-participant means as it would
be required for ANOVA-type analyses), the technique accounts for
full variability of the original dataset, making the predictions more
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Figure 14.3.: Variability in mean (logarithm of) Number of Dwells
classified by picture.

precise and increasing the chance of finding even smaller, but still
significant, effects.

Four key Dependent Variables were selected for building 4 separ-
ate models. The variables were selected based on the fact that they
describe distinct aspects of the ‘quantity’ and ‘dynamics’ of eye move-
ment. Dependent variables describing its ‘quantity’ were Number of
Dwells, and Total Dwell Time per picture/location. Dependent vari-
ables describing the ‘dynamics’ were Picture-Switching, and Long-to-
Short Dwell Ratio. The predictors considered in the models were: Ex-
perimental Condition, Isovist Area, VCA, Isovist Jaggedness, Potential Co-
Visibility, Targeted Co-Visibility, Salience Rating, age, gender, and cross-
conditional interaction effects. As mentioned above, the model also
included ‘random effect’ by-subject, by-picture, and by-location pre-
dictors. In other words, the model was ‘aware’ that the same par-
ticipants looked at the same set of pictures hanging at the same set
of locations and that the data points within each participant, within
each picture, and within each location might be linked more, than ob-
servations across participants, across locations, and across pictures.
Figures 14.3, 14.4, and 14.5 visualise this variability.

All numeric predictors were scaled and mean-centred (so that their
mean equaled to 0 and standard deviation equaled 1) in order to
make the intercepts easily interpretable. This transformation does not
affect the model itself. Additionally, Number of Dwells and Total Dwell
Times variables were log-transformed to approach normal distribution
(Tufte, 1974). Because some entries in these variables contained 0, the
transformation was conducted as log(x+1).
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14.3 eye-tracking measures

Figure 14.4.: Variability in mean (logarithm of) Number of Dwells
classified by location.

Figure 14.5.: Variability in mean (logarithm of) Number of Dwells
classified by participant - each boxplot represents one
person.
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14.4 recognition memory test (reaction times)

For Reaction Time data analysis, only the correct ‘yes’ answers were
taken into consideration (78% of the whole dataset). RT accuracy
was also recorded. Observations lying below the threshold of hu-
man physical ability (250 ms) or further than two standard devi-
ations from the mean of the whole dataset were removed (Ratcliff,
1993; Whelan, 2008), leaving 71% of all responses valid (i.e. correct,
above 250 ms, and within two standard deviations)2. Similarly to the
eye-tracking dataset, linear mixed-effect models were used for statist-
ical analysis. For this type of experimental design (mixed within-/
between-participant design), this technique offers a considerable im-
provement in statistical power over traditional methods which require
aggregating the reaction time data. In case of Reaction Time ana-
lysis, linear mixed-effect models allow the researcher to control for
many confounding variables which are bounded to this specific type
of task. For example, it has been shown that that the length of the
proceeding RT is correlated with the next RT. Also, despite the fact
that images were presented to participants in a random order, the
order in the sequence of presentation might also affect the given Re-
action Time (for a detailed discussion of the above effects as well
as more arguments for the use of linear mixed-effect models for Reac-
tion Time analysis please see Baayen & Milin, 2010). Since RT accuracy
was also recorded, Proceeding RT accuracy will also be taken into ac-
count as a potential confound. Considering these factors helps to
avoid the within-participant correlation between subsequent reaction
times and to measure the main experimental effect of interest with
reduced measurement error arising from the type of the employed
task (Baayen & Milin, 2010). In result, r-squared values of the model
increase (Baayen & Milin, 2010).

Memory performance of the experiment’s participants can be mod-
elled based on three sets of predictor variables: (a) spatio-visual pre-
dictors, (b) demographic predictors, and (c) the oculomotor beha-
viour (Fig. 6.1, p. 108). The first two sets are identical to the ones
used to model the oculomotor behaviour. The process of including
the oculomotor behaviour in the set of predictors would not be typic-
ally available to an actual gallery curator prior to physically building
the exhibition. It does, however, provide the researcher with an op-
portunity to link human visual attention—as it naturally occurs in a
three-dimensional, real-life context of an art gallery visit—to spon-
taneous memory, and thus build a wider understanding of the final

2 The reason why wrong answers and outlying reactions are excluded is that the cog-
nitive processes responsible for very long or incorrect reactions might be potentially
different from the ones being in the centre of the researcher’s interest (Ratcliff, 1993).
It is highly probable that those reaction times do not correlate with the depth of pro-
cessing of the picture, but instead with some other, task-specific factors, such as a
distraction during providing the answer.
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gallery experience. Including all three sets of predictors in a single
model also makes it possible to more reliably estimate effect sizes of
the spatial factors under the presence of individual differences in eye
movement. In other words, it puts the influence of space into context
of individual viewing patterns which potentially might have a higher
impact on memory than generic spatio-visual characteristics. One
important issue with the data available, however, is the fact that the
eye-tracking recordings are only available to a subset of all visitors3.

For this reason, in order to utilise all data available, two types
of models were built to explain human memory of the viewed art-
works. One set of models included spatio-visual and demographic
predictors, simply substituting the dependent variable compared to
the models considered in the previous section. So instead of various
eye-tracking variables being modelled as the outcome, the memory
variables were the subject of the same analysis. This analysis was
conducted for the entire dataset for which memory performance res-
ults are available. In the case of Reaction Time task, this is equivalent
to all correct reactions within 2 standard deviations from the mean.

The second set of models consisted of spatio-visual and demo-
graphic predictors, as well as the oculomotor variables. The dataset
analysed this time was restricted to those participants, for whom the
complete eye-tracking recordings were available.

For models where eye-tracking variables were used as a predictor,
additional data transformation was performed. Number of Dwells and
Total Dwell Time variables highly correlated with each other (r = .59)
and thus violated the collinearity assumption of linear models. To
decorrelate these variables, their values for each set of visitor-artwork
interactions were multiplied, creating a new measure: ET-quantity4.
This new measure correlated well with original variables (r = .73

with Number of Dwells and r = .78 with Total Dwell Time) meaning
that the decorrelation was justified and the resulting measure mean-
ingful. However, at least one considerable theoretical issue prevails
with the use of so transformed variable. A participant whose Total
Dwell Time for a single artwork equalled x (e.g. 500 seconds), and
who performed y dwells (e.g. 5 dwells) on that artwork would have a
lower ET-quantity score than someone whose Total Dwell Time was the
same, but Number of Dwells was higher. It means that a person who
looked at a given picture for the same cumulative time, but did so in
a more distracted manner, would score higher on ET-quantity. Since
the variable correlates well with original variables, it can be used as
a generic predictor for Recognition Memory in the subsequent models,

3 As the reader will see, the disproportion among those group sizes will be bigger in
further studies.

4 Dividing the variables by each other would mean that a person who performed little
short dwells had the same ET-quantity as someone who spent a lot of time on very
numerous dwells. Multiplication inverts this effect: the more dwells OR the more
cumulative fixation time, the higher the value.
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but because—by being derived from two measures—it must make as-
sumption of their theoretical relationship, it would not be reliable for
models where specific relations between Total Dwell Time and Num-
ber of Dwells are of particular interest. In such cases, one of the two
original measures will be used instead (in separation).

Lastly, For easier interpretability, all continuous predictors were
scaled and mean-centred so that their M = 0.0 and SD = 1.0. The
output variable Reaction Time has been inverted (1/RT), in order to
increase its similarity to normal distribution and thus potentially in-
crease statistical power as well as reduce the risk of non-normal re-
sidual distribution (Baayen & Milin, 2010).

14.5 spatial memory test (miniature task)

To assess the results of Miniature Task, three measures previously
presented in Section 10 were considered. String Matching technique
was not suitable for this Experiment, due to possible ambiguities at
the stage of transforming two-dimensional representations of angular
wall relations into one-dimensional strings. The least controversial
solution would be to calculate individual strings on a wall-by-wall
basis, but in case of Condition 1 this would mean that all strings
consist of a single character only. Two remaining alternatives were
Bidimensional Regression and Back-to-the-Wall score.

Gardony Map Drawing Analyzer (Gardony et al., 2013) was used
to conduct Bidimensional Regression analysis. The software allows
its user to extract and correlate cartesian coordinates of correct land-
mark positions with their sketch map projections provided by the
participant. For each Miniature Task solution, a picture of the res-
ults was taken, cropped to match the size of the reference image, and
semi-transparently superimposed on the reference image of the gal-
lery layout. Points representing centres of each picture were manu-
ally specified and the software conducted relevant statistical analyses.
The resulting measure of r represents overall performance of a single
participant in the task in accordance to the theoretical underpinnings
of Bidimensional Regression.

In order to calculate Back-to-the-Wall score participants were given
1 point for each miniature placed on the correct wall. For each of
14 interactions, the measure thus provided a binary value indicat-
ing whether the answer was correct or not. Additionally, aggregated
score of each participant ranging from 0 to 14 was divided by the total
number of pictures (14) to create Personal Mean Back-to-the-Wall result.
The minimum possible value was 0, which would indicate that the
given participant misplaced all miniatures in relation to where they
were located in the gallery during one’s visit. Maximum possible
value was 1, which would demonstrate that the person placed all
picture miniatures back on the wall he or she saw them on.
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Figure 14.6.: Participants’ spatial memory performance represented
by Bidimensional Regression and Back-to-the-Wall res-
ults. Each data point represents the final results of a
single participant calculated from their Miniature Task
solution. The diagonal line represents a theoretical level
of perfect correlation (r = 1.0).

As mentioned previously in Section 10, Bidimensional Regression
applied to a layout where two sides of the same wall are equally
possible solutions could inflate the results of poorer performing par-
ticipants. In order to assess if this situation occurred in the current
experiment, Bidimensional Regression and Back-to-the-Wall results were
plotted together (Figure 14.6). If both measures reliably represented
the same concept, the correlation between participants’ scores on both
variables should be equal (or close to) 1.

As visible on the figure, in a notable number of cases Bidimensional
Regression scores lie above the theoretical line of perfect fit. This seems
to be particularly visible in case of those participants, who achieved
a relatively low score on Back-to-the-Wall measure. It thus reflects the
prediction that Bidimensional Regression technique inflated the results
of poorer performing participants. This seems to be the case espe-
cially in Condition 1, where pictures are located on a larger number
of inner walls, which creates more opportunities for the type of er-
ror Bidimensional Regression does not control for (i.e. placement of a
miniature on the wrong side of the correct wall). The technique was
therefore not suitable for the analysis of this data set. For this reason,
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less detailed but more robust Back-to-the-Wall score was used to assess
participants’ spatial memory performance.
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15

R E S U LT S

15.1 time spent inside

Participants spent M = 537 seconds (or almost 9 minutes) inside the
gallery (Cond. 1: M = 615 sec., SD = 536; Cond. 2: M = 474, SD = 413).
The distribution of visit lengths showed a steep decrease at a very
specific point, indicating that to the majority of participants, the time
limit imposed was sufficient to explore the gallery. Concurrently, the
observed bimodality of the distribution demonstrates that a signific-
ant subgroup of all participants stayed in the gallery for much longer
than the average (Fig. 15.1).

15.2 visual attention

Average participant fixated on the first picture within 1.92 sec. from
entering the gallery and performed 108.2 dwells in total. Each pic-
ture was a subject of M = 7.73 dwells during a single gallery visit.
Mean Long-to-Short Dwell ratio was 0.33, meaning that an average
participant, for each long dwell (i.e. lasting more than 2 seconds),
performed about two short dwells (< 2 sec.). As indicated by Picture-
Switching metric equal to 0.49, almost half of all dwells were followed
by an immediate fixation on another picture.

Mean dwell length was 4.1 sec. and the cumulative distribution of
dwell lengths was heavy-tailed (as predicted by Hypothesis A1) in
both conditions (Figure 15.2). The longest single dwell on a separate
picture lasted for 157.54 seconds.

Looking at pictures constituted 76% of all eye movement activity
inside the gallery (Engagement Ratio variable; 80.6% in Cond. 1 and
71.7% in Cond. 2) even though only 6.5% of all walls’ length (64.44

m) was occupied by pictures (summed width = 4.2 m). Assuming that
the majority of eye-movement in a gallery-like type of environment
falls on the walls at an eye-sight level, we could expect that under the
lack of cognitive goal of viewing pictures (i.e. assuming a completely
random eye movement), visitors’ eye gaze would fall at wall segments
based on their visibility relative to all other wall segments in the gal-
lery. Summing up the isovist area size values of all grid cells adjacent to
any gallery wall made it possible to calculate what percentage of this
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Figure 15.1.: Time spent inside by the experiment’s participants.

Figure 15.2.: Distribution of dwell lengths across experimental condi-
tions. Please note that the graph has been trimmed at the
value of 25 seconds. The ‘long tail’ of the data spreads
to 157 seconds.
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value is due to grid cells representing artworks’ locations. This value
(7.3% in Condition 1 and 7.0% in Cond. 2), can be interpreted as the
proportion of eye movement activity which should fall on those wall
segments, if this activity was dependent solely on the relative visib-
ility of the given wall segment. Chi-Square Goodness-of-Fit test was
used to compare the expected proportions to the observed proportions.
The observed proportions were significantly inconsistent with the ex-
pected distribution of proportions both in Condition 1 (c2(1)=7.94,
p=0.005) and in Condition 2 (c2(1)=6.43, p=0.011).

Analysis of viewing sequence similarity was performed as described
earlier in Section 8.3 (p. 120) to account for Hypothesis (A4). The ana-
lysis resulted in Mean Normalised Levenshtein Distance (MNLD) values
associated with each participant. MNLD describes how similar the
viewing sequence performed by each participant is to all other view-
ing sequences within the given experimental condition. The value
normalises for length and number of considered viewing sequences,
and thus makes it possible to perform cross-conditional comparisons.
As the distribution of those values was not normal, Wilcoxon rank
sum test (also known as Mann-Whitney U test) was performed on
MNLD values across the conditions. The result of the test was sig-
nificant (W = 160, p = 0.016), indicating that MNLDs in Condition 2

were significantly lower from Cond. 1.
Consistently with Hypothesis (A2) mean Total Dwell Time per pic-

ture was not significantly different from 30 sec. (M=31.71 sec.; one
sample t-test: t(13)=1.33, p=0.207), which is an average value observed
in previous museum-based experiments.

For linear mixed-effect modelling, lme4 R package was used (Bates,
Maechler, Bolker & Walker, 2014). The following formula was used
to describe the initial model:

log(No. of Dwells) ⇠ (Iso. Area + VCA +
Iso. Jaggedness + Potential CoVis. +
Targeted CoVis. + Salience Rating )*cond +
View. Sequence + age + gender + Total Time Inside +
(1|ids) + (1+ cond|pic) + (1|loc)

Model 15.1: Logarithm of Number of Dwells (preliminary formula;
multiplication symbol indicates interaction effects)

The notation can be read as: ‘natural logarithm of Number of Dwells
(+1) is predicted by the fixed effects of: experimental condition, isov-
ist area, VCA, isovist jaggedness, potential co-visibility, targeted vis-
ibility, salience rating, age, gender, and time inside the gallery; as well
as the the interaction of experimental condition with the above pre-
dictors; and also by the random effect of: participant (ids), location
(loc), and a random-slope and random effect of picture (pic) within
condition’. The random effect introducing adjustment to the inter-
cept is marked as (1| ). Additionally, (1+cond|pic) indicates that a
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random effect grouped by picture is expected to have not only a ran-
dom intercept, but also a random slope in two individual conditions.
This means, that the random effect of individual pictures is possibly
expected to be stronger in one condition and weaker in the other and
to increase/decrease at different rates.

One of the model’s statistical assumption is lack of collinearity1

between separate predictors. The above model has reached kappa
score of 13.8, indicating moderate collinearity2 which suggests that
the assumption might be violated. Isovist Area was a measure highly
correlated with other spatial predictors (VCA, Potential Co-Visibility,
Targeted Co-Visibility, and to a lesser extent, with Isovist Jaggedness).
Additionally, Targeted Co-Visibility was correlated with Potential Co-
Visibility (unsurprisingly, as they aim to describe a very similar concept),
and with VCA (as it is derived from the VCA). Despite the fact that
collinearity does not inflate Type I error rates, it can notably reduce
the statistical power of the model, and makes it impossible to reason
which particular factors contribute to explaining the variance of the
outcome variable. A typical solution for such situations are dimension-
reduction techniques, which allow the researcher to combine a num-
ber of correlated predictors into a single variable (Winter, 2013).
However, in the case here presented, there is a considerable theor-
etical difference between the individual predictors. Isovist Area and
VCA, even though derived from the same measuring technique, bear
two different assumptions about the nature of human exploration of
space (Section 5.3). The measures therefore cannot be combined in a
single model. VCA had lower correlation values with other predict-
ors, meaning that it is a more distinct concept than the generic Isovist
Area. For this reason, Isovist Area was excluded from the model, and
a more theoretically-pleasing factor of VCA was preserved. Addi-
tionally, Potential Co-Visibility could be excluded, as it represents a
concept similar to Targeted Co-Visibility, but is less justified by being
derived from the exact location of the picture, and not from the pos-
sible location of the observer. However, by being derived from the
spatial analysis of grid cells belonging to Visibility Catchment Areas of
individual artworks (Section 11), Targeted Co-Visibility unexpectedly
remained highly correlated with VCA in all analysed datasets (e.g.
r = 0.63, p<.001 in Experiment 1). This indicates, that as Visibil-
ity Catchment Area of an individual artwork gets larger, its Targeted
Co-Visibility (i.e. mean number of pictures visible from inside that

1 Collinearity describes a situation when two or more predictors inside a model are
highly correlated with each other. For example, trying to explain the ripeness of
harvested tomatoes from the record of rainy and sunny days would depict such as
a situation: it rarely shines and rains at the same time. Thus, a researcher presented
with a significant model would not be able to establish whether it is the increased
sun or decreased rainfall that actually improved the taste of vegetables.

2 Kappa above 30 is associated with troubling collinearity, below 30 with moderate
collinearity, and below 6 with no collinearity (Baayen, 2008). Alternative sources
suggest that kappa below 10 is sufficient.
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VCA) also increases. Despite the fact that concepts are dissimilar and
were designed to describe different aspects of space, in the case here
presented they do not. It can be explained by the fact that VCAs get
wider as they get further away from the picture itself. As they extend
into open space, the likelihood that they will overlap with isovists
of other pictures gets higher. Potential Co-Visibility measure is free
of that bias. Therefore, despite representing Co-Visibility as it would
be seen by someone standing at the location of the analysed picture
it still represents the potential of engaging with alternative pictures,
especially for a person standing close to the work.

Following these steps, the following formula was constructed:

log(No. of Dwells) ⇠ (VCA + Iso. Jaggedness +
Targeted CoVis. + Salience Rating )*cond +
View. Sequence + age + gender + Total Time Inside +
(1|ids) + (1+ cond|pic) + (1|loc)

Model 15.2: Logarithm of Number of Dwells (preliminary formula)

This revised model has reached kappa score of 6.79 and was a sub-
ject of step function from lmerTest R package (Kuznetsova, Bruun
Brockhoff & Haubo Bojesen Christensen, 2014), which performs a
backward elimination of all non-significant effects from a mixed-effect
model 3. The suggested, reduced model

log(No. of Dwells) ⇠ VCA + View. Sequence +
Total Time Inside + (1| ids) + (1 | loc)

Model 15.3: Logarithm of Number of Dwells

has reached kappa score of 4.3. This is the best-fit model, given
the available data, meaning that all the remaining factors (VCA, ET
Sequence, Total Time Spent Inside, random by-subject effect, and ran-
dom by-location effect) significantly predicted normal logarithm of
Number of Dwells. Potential Co-Visibility and Isovist Jaggedness effects
were approaching significance. The intercept estimates of VCA and
Total Time Spent Inside were positive, meaning that an increase in each
of those predictor variables resulted in an increase in the outcome

3 The reader should note that automatic stepwise model selection procedures should
be used with caution, as they tend to produce overfitting models that do not gener-
alise well (Judd, McClelland & Ryan, 2011). Throughout this thesis, step function
is treated as a suggestion, but not necessarily the best final solution. Where theoret-
ical inconsistencies were returned by the function, the model was adjusted manually.
Moreover, the ‘best-fit’ models here presented should not be directly used for making
predictions in the future., as—for the purpose of clarity—the formulae were often
cleaned of non-significant random effects. For future predictions however, random
effects should always be included (if justified by the experimental design) to avoid
violating the independence assumption of the model. As a result, the formulae here
presented can be read as a set of predictors which were significant for the considered
outcome variable, in the considered dataset. Their aim is exploratory, and should be
further adjusted for predictive purposes.
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Model 15.3
(Intercept) 1.95 (0.08)⇤⇤⇤

VCA 0.29 (0.04)⇤⇤⇤

Total Time Inside 0.42 (0.06)⇤⇤⇤

View. Sequence �0.01 (0.01)⇤

AIC 411.68

BIC 439.67

Log Likelihood -198.84

Num. obs. 403

Num. groups: ids 29

Num. groups: loc 28

Variance: ids.(Intercept) 0.11

Variance: loc.(Intercept) 0.03

Variance: Residual 0.11

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.1.: Statistical description of the Model 15.3. It should be in-
terpreted as follows: each predictor is associated with an
estimate, its standard error (in brackets), and a signific-
ance symbol. The rule for interpreting similar models is
that 1 increase in the unit of the predictor causes an in-
crease in the output variable by the value of the estimate.
Since in majority of the cases here described (as repor-
ted), predictor variables were standardised, their unit is 1

Standard Deviation. Moreover, the size of random effects
can be interpreted according to their variance (bottom of
the table) compared to the residual (error) variance. Re-
sidual variance indicates how much the data varies in a
manner unexplained by the predictors. Random effect
variance indicates how much variability there is in the
pre-specified random effects.

variable4. Figure 15.3 presents these effects visually and Table 15.1
demonstrates the numerical output.

The R2 approximation values (P. C. D. Johnson, 2014; Nakagawa
& Schielzeth, 2013) were obtained using MuMIn R package (Bartoń,
2014). In case of mixed-effect models, two types of R2 are calculated:
Marginal R2 indicates the proportion of variance in the dependent
variable explained by the fixed effects alone (similarly to classic linear
models), and Conditional R2 by the fixed effects and random effects
jointly. For the purpose of generalisation of the research results, Mar-
ginal R2 is more relevant, as fixed effects are the ones that specify the

4 A negative intercept would mean that an increase in the predictor variable resulted
in a decrease in the outcome variable - as it was the case with ET Sequence.
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15.2 visual attention

Figure 15.3.: Effect plots for Model 15.3. The graphics should be in-
terpreted as follows: the lines indicate the predicted lin-
ear effect of the specific predictor (usually described on
the horizontal axis) and the output variable (typically on
the vertical axis). The grey area around the line shows
95% confidence limits based on Standard Error of the
mean of the normal distribution. Larger grey area sug-
gests that the prediction is relatively uncertain. A nar-
row grey area indicates that the prediction is relatively
certain (i.e. there is a 95% chance that the actual pre-
dicted value falls somewhere within this grey area; com-
pare the confidence limits for VCA and ET.seq with the
numerical values of their effect sizes in the tabular de-
scription of the model). Lastly, the unevenly distributed
ticks at the bottom horizontal axis indicate the spread of
the factual data points in the analysed dataset. Denser
areas of ticks mean that the model had more data avail-
able at this particular value.
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particular factor affecting the outcome value5. However, Conditional
R2 can indicate how well the model performs under the existing, un-
explained variability. In the context of the current study, this is es-
pecially important, as there are elements affecting the experience of
an art gallery visit which might be difficult to quantify and gener-
alise with any external measures for the purpose of making predic-
tions (such as personal preferences, previous memories related to the
viewed exhibition, higher average density of visitors in front of par-
ticular artwork locations, and others). Conditional R2 approaching 1

would demonstrate that almost all variability in the data unexplained
by the fixed effects does lie in the specified random effect factors (in
case of Model 15.3 these are subjects and locations, as the by-picture
random variability was negligible), but cannot be explained by the
fixed effects specified in the model. Model 15.3 reached Marginal R2

of 0.52 and Conditional R2 of 0.79

6. Homoscedasticity and normality
of the model’s residuals assumptions were not violated.

In order to establish whether the model explains the outcome vari-
able better than its alternatives the model was compared with its al-
ternative containing Isovist Area instead of VCA as the first predictor7.
This modification decreased the overall performance of the model as
indicated by higher AIC value (Akaike, 1992)8.

Similar procedures have been employed to select models best pre-
dicting Total Dwell Time, Picture-Switching, and Long-to-Short Dwell Ra-
tio.

Natural logarithm of Total Dwell Time (+1) was best predicted by
the formula:

log(Total Dwell Time) ⇠ VCA + Iso. Jaggedness +
Total Time Inside + (1|ids)

Model 15.4: Logarithm of Total Dwell Time

Adding random by-location effect did not significantly increase the
fit of the model, but the result of the likelihood ratio test was ap-
proaching significance (c2(1)=3.56, p=0.593). The lack of significant
random by-location effect in Model 15.4 would indicate that the fixed-
effect spatial predictors included in the formula already sufficiently
described the majority of the by-location variability. The current res-
ult is inconclusive.

5 In other words, fixed effects are those which are known to the researcher and have
been quantified.

6 Perhaps the most popular ‘rule of thumb’ for interpreting R2 effect sizes was given
by Cohen (1988). He proposed three threshold values as an indicator of how big the
effect is: small (R2 = 0.02), medium (R2 = 0.13), or large (R2 = 0.26).

7 As it was discussed previously, the measures could not be used together in a single
model because of their correlation.

8 Note that R2 values alone should not be used for model comparison due to their ap-
proximate characteristic in mixed effect models (Bartoń, 2014) and model selection
should be supported by AIC value judgement (Akaike, 1992) which also penalises
for a higher number of included factors.

176



15.2 visual attention

Figure 15.4.: Visualisation of the effects for Model 15.4.

Substituting the predictor of VCA by Isovist Area did not improve
the overall performance of the model (as indicated by nearly identical
AIC, and identical R2 values). Homoscedasticity of residuals was not
violated and their distribution was close to normal, except a single
outlier. Kappa score of the final model was 1.4, Marginal R2 was 0.62

and Conditional R2 was 0.75. Table 15.2 describes the model in detail
and Figure 15.4 visualises the effects.

To describe the dynamics of the oculomotor behaviour, firstly Picture-
Switching ratio (indicating the proportion of dwells at each picture
which were followed by an immediate fixation at another art object)
was predicted by the following model:

Picture -Switching ⇠ VCA + Potential CoVis. +
(1|ids) + (1|loc)

Model 15.5: Picture-Switching Ratio

Substituting the predictor of VCA by Isovist Area did not improve
the overall performance of the model. Normality and homoscedasti-
city of residuals were not violated. Kappa score of the final model
was 1.3, Marginal R2 was 0.21 and Conditional R2 was 0.5. Table 15.3
and Figure 15.5 summarise the model.
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Model 15.4
(Intercept) 3.04 (0.10)⇤⇤⇤

VCA 0.11 (0.03)⇤⇤⇤

Iso. Jaggedness 0.04 (0.03)·

Total Time Inside 0.73 (0.07)⇤⇤⇤

cond2 �0.10 (0.14)
AIC 653.87

BIC 681.92

Log Likelihood -319.94

Num. obs. 406

Num. groups: ids 29

Variance: ids.(Intercept) 0.12

Variance: Residual 0.23

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.2.: Model 15.4.

Figure 15.5.: Visualisation of the effects for Model 15.5.
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Model 15.5
(Intercept) 0.42 (0.03)⇤⇤⇤

VCA 0.11 (0.03)⇤⇤⇤

Potential CoVis. 0.06 (0.03)⇤

AIC 2.89

BIC 26.87

Log Likelihood 4.56

Num. obs. 402

Num. groups: ids 29

Num. groups: loc 28

Variance: ids.(Intercept) 0.01

Variance: loc.(Intercept) 0.01

Variance: Residual 0.04

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.3.: Model 15.5.

Long-to-Short Dwell Ratio measure had a bi-modal distribution caused
by a noticeable proportion of interaction consisting of long dwells
only. It could have not been transformed to approach normality
through traditional data transformation techniques. Thus, the gen-
eral fit of the model might be reduced, but the assumption of the
model is not violated, as long as the distribution of residuals remains
normal9.

The following formula provided the best explanatory performance10:

Long -Short Dwell Ratio ⇠ cond + VCA + Iso. Jaggedness+
Potential CoVis. + Salience Rating + gender +
(1 | ids) + (1 | loc) + cond*Salience Rating

Model 15.6: Long-to-Short Dwell Ratio

Substituting the predictor of VCA by Isovist Area again did not im-
prove the overall performance of the model. The impact of ET Se-
quence was significant but negligible, with each next rank order in the
viewing sequence increasing Long-to-Short Dwell ratio by a value of
0.007

11. Since the significance of such small effect might be achieved
due to a large number of degrees of freedom (182 for this particular
effect), it was not included in the final model. Residuals’ distribu-
tion was nearly-normal and their homoscedasticity was not violated.
Kappa score of the final model was 3.6, Marginal R2 was 0.25 and Con-

9 Mixed effect models are generally considered robust under the lack of normality
(Winter, 2013).

10 Main effect of Conditionwas not significant, but needs to be included for the signific-
ant interaction factor to be considered.

11 This means, that the difference in Long-to-Short Dwell ratio caused by the sequence of
viewing was only about 0.01 between the first and the last picture in the sequence,
and therefore negligible.
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Model 15.6
(Intercept) 0.44 (0.04)⇤⇤⇤

cond2 0.03 (0.04)
VCA �0.08 (0.02)⇤⇤⇤

Iso. Jaggedness �0.04 (0.02)⇤⇤

Potential CoVis. �0.05 (0.02)⇤⇤

Salience Rating 0.04 (0.01)⇤⇤

gender-male �0.08 (0.03)⇤

cond2:Salience Rating �0.05 (0.02)⇤⇤

AIC -28.24

BIC 15.75

Log Likelihood 25.12

Num. obs. 403

Num. groups: ids 29

Num. groups: loc 28

Variance: ids.(Intercept) 0.00

Variance: loc.(Intercept) 0.00

Variance: Residual 0.04

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.4.: Model 15.6.

ditional R2 was 0.39. Table 15.4 describes the model in detail and
Figure 15.6 demonstrates the significant effects visually.

The four above models are key to understanding how space af-
fects the quantity and dynamics of art viewers’ oculomotor behaviour.
Based on them, additional models were constructed to consider more
specific elements of the phenomenon.

In order to account for Hypothesis (B7), the model predicting Num-
ber of Dwells has been re-run with one additional factor - Long Dwells
Level. The factor was constructed based on the Long-to-Short Dwell
ratio variable: all interactions between individual users and separate
pictures which consisted of long dwells in more than 50% were as-
signed ‘high’ Long Dwells Level, and those which consisted primarily
of short dwells (i.e. their Long-to-Short Dwell ratio <= 0.5) were assigned
‘low’ level. Long Dwells Level (LDL) has been included as a fixed-effect,
as well as a factor interacting with all other fixed-effect variables, res-
ulting in the following formula:

log(No. of Dwells) ⇠ LDL + VCA + Total Time Inside+
View. Sequence + (1|ids) + (1|loc) +
LDL*(VCA + Total Time Inside + View. Sequence)

Model 15.7: Logarithm of Number of Dwells analysed with respect to
Long Dwells Level
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15.2 visual attention

Figure 15.6.: Visualisation of the effects for Model 15.6.
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Model’s assumptions were not violated but none of the interaction
effects were significant.

To account for Hypothesis (B8), Model 15.6 has been re-run with a
newly constructed variable - Number of Pictures on a Single Wall. The
minimum value of this variable was 1 (for locations which had no
adjacent pictures on the same wall) and the maximum value was 4 for
location x208-x211 in Condition 2). The following amended model12:

Long -Short Dwell Ratio ⇠ cond + VCA + Iso. Jaggedness+
Pictures per Wall + Salience Rating + gender +
(1 | ids) + (1 | loc) + cond*Salience Rating

Model 15.8: Long-to-Short Dwell Ratio with respect to Number of Pic-
tures Per Wall

decreased the overall fit compared to 15.6, therefore the detailed
statistics are omitted.

In context of suggestions made by Wineman et al. (2006) and Hy-
pothesis (D3), space shall have a higher influence on those visitors,
who remain inside the museum for longer. To account for this, par-
ticipants were median-split based on the time they spent inside the
gallery and this factor (named inside factorial) has been included into
two models considering the dynamics of the visual attention - Mod-
els 15.5 and 15.6 as a fixed effect interacting with spatial predictors.
Neither for Picture-Switching ratio nor for Long-to-Short Dwell ratio was
this interaction significant, thus the models are not reported in detail.
The procedure could not be conducted for models predicting quant-
itive aspects of the oculomotor behaviour (Models 15.3 and 15.4), as
in them, Time Spent Inside has been a highly significant factor linearly
predicting the outcome variable already.

To tackle this limitation, two time-independent measures: Normal-
ised Number of Dwells and Normalised Total Dwell Time were also mod-
elled as outcome variables, based on the procedure described at the
beginning of the current section, but without the Time Spent Inside
predictor.

Firstly, logarithmic (+1) transformation of Normalised Number of
Dwells was predicted by the following model:

log(Norm. No. of Dwells) ⇠ cond + inside +
View. Sequence + VCA + Targeted CoVis. +
(1 | loc) + inside(factorial )*( View. Sequence+VCA)

Model 15.9: Logarithm of Normalised Number of Dwells

The model reached Kappa score of 11.3, Marginal R2 of 0.47 and Con-
ditional R2 of 0.55. The interaction effect of inside factor (with values
‘long’ or ‘short’ depending on the median-split of the visitors’ Time
Spent Inside) with VCA and ET Sequence was significant. Figure 15.7

12 Due to high correlation of pictures per wall with Potential Co-Visibility, only one of the
two measures can be used in a single model.
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15.2 visual attention

Figure 15.7.: Visualisation of the effects for Model 15.9.

visualises the model and Table 15.5 presents the descriptives. As can
be noticed, the influence of VCA on the proportion of dwells a vis-
itor would allocate to a given picture was more noticeable if a person
stayed in the gallery for longer. Interestingly, pictures seen further
along the individual viewing sequence were allocated smaller pro-
portion of dwells by those participants who spent little time inside,
but the factor had on impact on participants who were inside for
longer.

Secondly, logarithmic (+1) transformation of Normalised Total Dwell
Time was explained by the model:

log(Norm. Total Dwell Time) ⇠ inside + VCA +
Potential CoVis. + age + (1|loc) +
inside(factorial )* Potential CoVis.

Model 15.10: Logarithm of Normalised Total Dwell Time

The model’s Kappa was 3.2, Marginal R2 was 0.1 and Conditional
R2 was 0.15. Figure 15.8 visualises the relations between significant
factors and Table X provides the statistical description. The inter-
action effect of factorial time spent inside and Potential Co-Visibility
demonstrates that higher number of co-visible pictures did cause
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Model 15.9
(Intercept) 1.61 (0.07)⇤⇤⇤

cond2 0.14 (0.06)⇤

insideshort 0.15 (0.07)⇤

View. Sequence �0.01 (0.01)
VCA 0.25 (0.04)⇤⇤⇤

Targeted CoVis. 0.14 (0.04)⇤⇤⇤

insideshort:View. Sequence �0.02 (0.01)⇤

insideshort:VCA �0.15 (0.03)⇤⇤⇤

AIC 273.00

BIC 312.99

Log Likelihood -126.50

Num. obs. 403

Num. groups: loc 28

Variance: loc.(Intercept) 0.02

Variance: Residual 0.09

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.5.: Model 15.9.

longer-exploring participants to spent proportionally more time fixat-
ing on the given artwork, but had an opposite impact on participants
who were in the gallery shorter than the median time.

15.3 recognition memory

The first part of the Recognition Memory analysis considered all re-
sponses to the Recognition Task (without the Eye-Tracking data and
even for those participants, for whom ET data was unavailable). The
following linear mixed-effect model was proposed to predict inverted,
standardised and mean-centred Reaction Times13:

RT(inv) ⇠ cond + VCA + Iso. Jaggedness + Potential CoVis.+
Total Time Inside + Salience Rating + age +
gender + RTtrial + proceedingRT + proceedingRTacc+
(1|ids) + (1|pic) + (1|loc)

Model 15.11: Reaction Times (inverted)

Table 15.7 presents the relevant statistics. Kappa score of the model
was 3.7, Marginal R2 was 0.18 and Conditional R2 was 0.47. As it can

13 Please note that since these models are constructed with a more careful selection
of predictors guided by a deeper analysis in the previous section, no step-wise pro-
cedure is employed. As a result, not all predictors listed in the formula are signi-
ficant and the reader should always refer to the relevant table for that information.
Throughout the thesis the step-wise predictor selection is only used for exploring
initial set of relevant factors. Where the step function is not mentioned, the formula
of the model is not equivalent to statistical significance of the listed predictors.

184



15.3 recognition memory

Figure 15.8.: Visualisation of the effects for Model 15.10.

Model 15.10

(Intercept) 1.82 (0.03)⇤⇤⇤

insideshort �0.08 (0.04)⇤

VCA 0.10 (0.03)⇤⇤⇤

Potential CoVis. 0.06 (0.03)·

age �0.06 (0.02)⇤⇤

insideshort:Potential CoVis. �0.10 (0.04)⇤⇤

AIC 433.64

BIC 465.69

Log Likelihood -208.82

Num. obs. 406

Num. groups: loc 28

Variance: loc.(Intercept) 0.01

Variance: Residual 0.15

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.6.: Model 15.10.
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be noticed in the detailed model description, fixed-effects other than
those related to the nature of the Recognition Task (RTtrial, proceedin-
gRT, and proceedingRTacc) were not significant. Time spent inside and
gender effects explaining the by-participant variability were relatively
high, but not significant. Spatio-visual factors, including the main ef-
fect of Condition failed to reach significance. The random by-location
variance was also low compared to other random effects and to the
residuals’ variance. This means that there was little consistent vari-
ation in the output variable across separate locations. Consulting the
random-effects structure further leads to a conclusion that the vari-
ance accounted to unexplained by-participant differences (marked in
the model as (1|ids)) is particularly high when to compare its Stand-
ard Deviation to Standard Errors of individual fixed-effects. This
suggests that the by-participant variability is the main factor driv-
ing the overall performance of the model. Since linear mixed-effect
models are constructed based on the model’s overall performance, ran-
dom effects might ‘steal’ unexplained variance from the fixed-effect
factors if this leads to a higher Conditional R2 value. Simultaneously,
while calculating the by-participant variability, the model does not
consider the variability within separate conditions, but the variab-
ility across all participants who have provided a response. For low
sample sizes, like in this study, it is probable that this high variance in
by-participant response reduces the fixed-effect of Condition. In other
words, all people who took part in the experiment differ so much
between each other, that this variability is larger than the variability
which has been caused by Condition. This, however, is not equivalent
to saying that the effect of Condition does not exist. It simply might
not be strong enough to reach significance under the presence of such
high by-participant variability in Reaction Times.

To test for the main effect of Condition, while accounting for the by-
participant variance within each condition separately, another method
was required. Since multiple responses were collected from each par-
ticipant, using a standard t-test on this dataset would violate the
assumption of independence. There are two solutions to this prob-
lem: a) aggregating the data into participant means (so that only
one value is associated with each participant and therefore the in-
dependence assumption is met), or b) using a technique which ac-
counts for clustered data, but does not generalise the by-participant
variance across the conditions14. A statistical technique which meets
this second requirement is a t-test for clustered data (C. Roberts
& Sibbald, 1998), as it controls for intercluster correlation. For the
purpose of the current analysis, inverted Reaction Times were used
as dependent variable, participant id as clustering factor, and Condi-

14 The latter option should be considered superior due to higher statistical power.
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Model 15.11

(Intercept) �0.25 (0.22)
cond2 �0.25 (0.21)
VCA 0.05 (0.05)
Iso. Jaggedness �0.04 (0.05)
Potential CoVis. �0.04 (0.05)
Total Time Inside 0.15 (0.11)
Salience Rating 0.07 (0.08)
age �0.10 (0.10)
gender-male 0.34 (0.21)
RTtrial �0.22 (0.04)⇤⇤⇤

proceedingRT �0.14 (0.06)⇤

proceedingRTacc-TRUE 0.16 (0.10)·

AIC 813.36

BIC 873.10

Log Likelihood -390.68

Num. obs. 309

Num. groups: ids 31

Num. groups: loc 28

Num. groups: pic 14

Variance: ids.(Intercept) 0.24

Variance: loc.(Intercept) 0.01

Variance: pic.(Intercept) 0.05

Variance: Residual 0.54

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.7.: Model 15.11.
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Figure 15.9.: Visualisation of the Recognition Memory test split by the
time spent inside the gallery.

tion as the grouping factor15. T.test.cluster function from Hmisc
R package was used (Harrell Jr & Dupont, 2006). Inverted RTs were
mean-centred and standardised, so that the difference between means
of two groups was equivalent to the effect size described in Standard
Deviations (Cohen’s D). The analysis showed a significant effect of
Condition on Reaction Times, with participants in Condition 1 answer-
ing faster than participants in Condition 2 (p=.049, Cohen’s D = -0.39,
CId[-0.78, -0.001]).

To account for Hypothesis (D3), a similar comparison was made
on a dataset split on the median of Time Spent Inside. This compar-
ison showed, that the significance of the effect is primarily driven
by the subset of visitors who stayed ‘long’ (i.e. longer than median)
inside the gallery (p=.042). When the subset of participants explor-
ing the gallery for a ‘short’ (shorter than median) period of time was
analysed, the effect of condition fails to reach significance (p=0.598).
Figure 15.9 demonstrates this relation graphically.

Such framing of the results, however, limits our ability to infer
the exact reasons for those faster Reaction Times. Also, high by-
participant variance shown in the linear mixed-effect model puts in
doubt the applicability of the finding if the effect is weaker than the
by-participant variations in the population. Although this might be
due to the low sample size, it implies the question of the suitability of
Reaction Time measures for real-life spatial cognition studies, where
the observed effects might be relatively weak, and not often observed

15 One participant who had less than 2 responses valid was removed from this analysis
due to the requirements of the test.
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on an object-by-object basis. A further argument in this respect are
low by-picture and by-location random-effect variances, showing that
there was little repeatability in the response patterns to the same pic-
tures or to the same locations.

There exists a possibility that this by-participant variation could be
explained with the addition of eye-tracking data, which can precisely
describe individual differences in the visual attention of separate par-
ticipants. The disadvantage of this approach is that such a model can
only be fit to the subset of the entire dataset, as there were some parti-
cipants for whom the eye-tracking recordings were not available (two
participants in the case of this study). For such a subset, the above
model was modified to include the available eye-tracking variables,
resulting in the following formula (for details consult Table 15.8):

RT(inv) ⇠ Quantity of ET + View. Sequence +
Time to First Fix. + Picture -Switching +
Long -Short Dwell Ratio + cond + VCA +
Iso. Jaggedness + Potential CoVis. +
Total Time Inside + Engagement Ratio +
Salience Rating + age + gender +
RTtrial + proceedingRT + proceedingRTacc +
(1|ids) + (1|pic) + (1|loc)

Model 15.12: Reaction Times (inverted) with respect to Eye
Movement

Kappa score was 17.7, Marginal R2 was 0.19 and Conditional R2 was
0.45. The by-participants random-effect variance (1|ids) was only
marginally decreased compared to the previous (15.11) model, and
none of the eye-tracking effects even approached significance (with
the limited exception of Long-to-Short Dwell Ratio). This can be inter-
preted in two ways: either there is no connection between the oculo-
motor behaviour and Recognition Memory, or Reaction Time proced-
ure is not reliable for lower sample sizes (further limited by the lack
of ET data) and high by-participant variability in the context of the
current study. A lager sample size in further studies might help to
tackle these issues.

To further investigate the dataset, additional analysis of RT accur-
acy was conducted. This output variable is binomial (the response
can be either ‘correct’ or ‘incorrect’), and thus a modification of lin-
ear mixed-effect models known as mixed logit models was used to
predict it. Mixed logit models decrease Type I and Type II error risk
compared to classical ANOVAs for categorical data and allow the
researcher to describe the results in the standard language of linear
modelling by the ‘output predictors’ syntax (Jaeger, 2008). All
relations between random- and fixed-effect factors discussed earlier
for linear mixed-effect modelling remain valid. The analysis was
conducted with glmer(family=bimodal) function of lme4 R package
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Model 15.12

(Intercept) �0.86 (0.97)
Quantity of ET 0.05 (0.05)
View. Sequence 0.01 (0.02)
Time to First Fix. �0.07 (0.07)
Picture-Switching �0.00 (0.06)
Long-Short Dwell Ratio 0.07 (0.05)
cond2 �0.22 (0.24)
VCA 0.08 (0.06)
Iso. Jaggedness �0.02 (0.05)
Potential CoVis. �0.04 (0.06)
Total Time Inside 0.12 (0.12)
Engagement Ratio 0.68 (1.12)
Salience Rating 0.06 (0.08)
age �0.03 (0.11)
gender-male 0.32 (0.21)
RTtrial �0.22 (0.05)⇤⇤⇤

proceedingRT �0.14 (0.06)⇤

proceedingRTacc-TRUE 0.14 (0.10)
AIC 804.35

BIC 885.32

Log Likelihood -380.18

Num. obs. 293

Num. groups: ids 29

Num. groups: loc 28

Num. groups: pic 14

Variance: ids.(Intercept) 0.21

Variance: loc.(Intercept) 0.00

Variance: pic.(Intercept) 0.05

Variance: Residual 0.56

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.8.: Model 15.12.
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Model 15.13

(Intercept) 1.54 (0.32)⇤⇤⇤

cond2 0.11 (0.41)
VCA �0.09 (0.14)
Iso. Jaggedness 0.05 (0.14)
Potential CoVis. �0.05 (0.14)
Total Time Inside 0.71 (0.23)⇤⇤

Salience Rating 0.12 (0.16)
AIC 432.39

BIC 473.12

Log Likelihood -206.20

Num. obs. 434

Num. groups: ids 31

Num. groups: loc 28

Num. groups: pic 14

Variance: ids.(Intercept) 0.63

Variance: loc.(Intercept) 0.00

Variance: pic.(Intercept) 0.14

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.9.: Model 15.13.

(Bates et al., 2014). Effect sizes are estimated with the modification of
r.squaredGLMM function from MuMIn package made by Lefcheck and
Casallas (2014).

Running the following model for all participants (i.e. with no ET
data included):

RT Accuracy ⇠ cond + VCA + Iso. Jaggedness +
Potential CoVis. + Total Time Inside + Salience Rating+
(1|ids) + (1|pic) + (1|loc)

Model 15.13: Recognition Test Accuracy

resulted in Marginal R2 of 0.11, Conditional R2 of 0.28 and detailed
statistics displayed in Table 15.9. As can be noticed, Time Spent Inside
was the only significant fixed-effect predictor of RT accuracy. Little
by-location random-effect variance suggests negligible consistent by-
location variability in RT accuracy, although the by-picture variance is
relatively high. Similarly to the analysis of RT(inverted) measure, the
by-participant variation was the most impactful.

To explain the influence of Time Spent Inside, another analysis of RT
accuracy was conducted, this time considering the Eye-Tracking data
available for the subset of all participants. Because Time Spent Inside is
a measure highly correlated with Number of Dwells (r = 0.53) and Total
Dwell Time (r = 0.70), three separate models were run (each containing
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Model 15.14

(Intercept) 1.83 (0.34)⇤⇤⇤

Total Dwell Time 1.77 (0.46)⇤⇤⇤

Time to First Fix. 0.12 (0.24)
Picture-Switching �0.17 (0.16)
Long-Short Dwell Ratio 0.18 (0.16)
cond2 0.34 (0.39)
VCA �0.04 (0.17)
Iso. Jaggedness 0.04 (0.15)
Potential CoVis. 0.03 (0.16)
AIC 379.65

BIC 427.61

Log Likelihood -177.83

Num. obs. 402

Num. groups: ids 29

Num. groups: loc 28

Num. groups: pic 14

Variance: ids.(Intercept) 0.37

Variance: loc.(Intercept) 0.00

Variance: pic.(Intercept) 0.32

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.10.: Model 15.14.

only one of the above variables additionally to other spatio-visual,
and eye-tracking predictors). The model performing the best was the
one involving Total Dwell Time, expressed by the following formula:

RT Accuracy ⇠ Total Dwell Time + Time to First Fix.+
Picture -Switching + Long -Short Dwell Ratio + cond+
VCA + Iso. Jaggedness + Potential CoVis. +
(1|ids) + (1|pic) + (1|loc)

Model 15.14: Recognition Test Accuracy with respect to Eye
Movement

Marginal R2 was 0.67, Conditional R2 was 0.73 and other statistics
are described in Table 15.10. The clearly visible difference in effect
size compared to Model 15.13 (p. 191) comes from including the eye
movement measures in the analysis, justifying their predictive power
of Recognition Memory accuracy.

15.4 spatial memory

As previously mentioned in Section 10.1, the risk of using Back-to-the-
Wall measure lies in the fact that it does not control for wall length.
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For this reason, poorly performing participants might consistently
attempt to choose longer walls for the miniature locations in order to
increase one’s chance of success. This would result in ‘false positive’
errors being overrepresented on longer walls compared to shorter
walls.

To control for such situation, each wall length was linked to the cor-
rect number of pictures factually hung on it within each experimental
condition16. So obtained dataset unsurprisingly did not show a lin-
ear relation between wall length and the number of pictures, since
wall length was not used as a guide to choose original picture loc-
ations (Figure 15.10). Consequently, even if participants did extract
wall length from the Miniature Task layout, using it as a cue would
not increase their performance in the test.

For each participant, each picture miniature was assessed based on
whether it was placed on the correct wall (‘correct’), or on a wrong
one (‘false positive’). The resulting number of correct answers and er-
rors were summarised for each wall (separately for both conditions)
and divided by the number of participants in the given condition.
This created a list of walls, separate for both conditions, with associ-
ated means of correct answers and ‘false positive’ errors. Mean num-
ber of correct answers did not show any consistent relation with wall
length (Figure 15.11). The presence of such a relation would suggest
that despite the lack of correlation between wall length and the ac-
tual number of pictures hanging on them (Figure 15.10), participants
were more likely to provide correct responses to longer walls. The
data collected in Experiment 1 did not show the presence of such a
bias.

Nevertheless, the number of ‘false positives’ was positively correl-
ated with wall length (r(38) = .54, p<.001; Figure 15.12). This suggests
that when participants were not sure about the location of a picture,
they were more likely to choose a longer wall for its placement. Al-
though it is important to note that using wall length as a deliber-
ate strategy for placement of poorly remembered objects is not the
only possible explanation. It is equally likely that unsure participant
would make a random choice, within the constrains offered by the
layout. This would also result in ‘false positive’ error rate being sig-
nificantly correlated with wall length, as such length represents the
probability of making this choice as a random decision, relative to
all other possibilities. The fact that the exact strategy used by poorly
performing participants cannot be established without making addi-
tion enquiries, does not affect the reliability of the Miniature Task.

16 Wall lengths were obtained from the layout’s CAD drawing. Walls containing exit
and entrance to the gallery were not included. In a single case where an, otherwise
continuous, wall is interrupted by a passage, the sum of two stretches was used to
represent its total length. In all other cases a single stretch of a wall was consider
between two points of its corners or endings.
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Figure 15.10.: Wall length plotted against the number of pictures con-
tained on that wall.

Figure 15.11.: Wall length plotted against the number of correct re-
sponses per wall.
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Model 15.15

(Intercept) �1.42 (0.61)⇤

cond2 1.23 (0.60)⇤

VCA 0.19 (0.18)
Iso. Jaggedness 0.00 (0.17)
Potential CoVis. �0.24 (0.18)
Total Time Inside 0.73 (0.27)⇤⇤

Salience Rating 0.02 (0.21)
age �0.50 (0.27)·

gender-male 0.46 (0.55)
cond2:Salience Rating 0.34 (0.25)
AIC 505.08

BIC 557.60

Log Likelihood -239.54

Num. obs. 420

Num. groups: ids 30

Num. groups: loc 28

Num. groups: pic 14

Variance: ids.(Intercept) 1.41

Variance: loc.(Intercept) 0.36

Variance: pic.(Intercept) 0.18

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.11.: Model 15.15.

This is because the correct answers—which are the subject of further
analysis—seem unaffected by the wall length.

Similarly to Recognition Memory analysis, Spatial Memory can be
explained based on the full dataset, or its subset limited to the parti-
cipants for whom eye-tracking data is available. Firstly, the analysis
without ET data was conducted for the entire dataset. The following
model was formulated:

BttW ⇠ cond + VCA + Iso. Jaggedness + Potential CoVis.+
Total Time Inside + Salience Rating + age + gender+
(1|ids) + (1|pic) + (1|loc)

Model 15.15: Back-to-the-Wall Ratio

Marginal R2 was 0.14 and Conditional R2 was 0.46. Please refer
to Table 15.11 for detailed statistics. Based on it, it is visible that
participants’ Spatial Memory was significantly better in Condition 2,
increased with Time Spent Inside and decreased with age. The cross-
conditional result is contrary to that observed for Recognition Memory,
where it was Cond. 1 which resulted in better performance.
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Model 15.16

(Intercept) �0.98 (0.50)⇤

Quantity of ET 0.06 (0.15)
Time to First Fix. �0.27 (0.19)
Picture-Switching 0.20 (0.18)
Long-Short Dwell Ratio 0.21 (0.17)
cond2 1.09 (0.68)
VCA 0.06 (0.22)
Iso. Jaggedness �0.06 (0.19)
Potential CoVis. �0.22 (0.20)
Total Time Inside 0.66 (0.31)⇤

Salience Rating 0.16 (0.17)
AIC 471.14

BIC 526.60

Log Likelihood -221.57

Num. obs. 388

Num. groups: loc 28

Num. groups: ids 28

Num. groups: pic 14

Variance: loc.(Intercept) 0.45

Variance: ids.(Intercept) 1.99

Variance: pic.(Intercept) 0.15

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 15.12.: Model 15.16.

To further explore the causes of this misalignment, Model 15.16 was
constructed, containing the eye-tracking data available for the subset
of all participants:

BttW ⇠ Quantity of ET + Time to First Fix. +
Picture -Switching + Long -Short Dwell Ratio + cond + VCA+
Iso. Jaggedness + Potential CoVis. + Total Time Inside+
Salience Rating + (1|ids) + (1|pic) + (1|loc)

Model 15.16: Back-to-the-Wall Ratio with respect to Eye Movement

Achieving Marginal R2 of 0.12 and Conditional R2 of 0.51 it did
not, however, improve our understanding of the dataset. Under the
presence of larger number of factors, Condition also lost its statistical
significance (see Table 15.12).

Looking back at the Model 15.15, we can notice that similarly to Re-
cognition Memory analysis, the by-participant variance is very large.
For this reason, aggregating the data by individual visitors’ mean per-
formance might provide additional insight into the above models. So
transformed dataset allows us to investigate the amount of variance
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present between individuals in each condition separately. In other
words, it can demonstrate how much each visitor differed from other
visitors within their condition. Visual analysis of boxplots from Fig-
ure 15.13 alone leads to a conclusion that the differences in Spatial
Memory performance between visitors from Condition 2 were much
larger than those from Condition 1.

Primacy and recency effects in Spatial Memory were also investig-
ated. As can be seen on Figure 15.14 visualising mean frequencies of
correct Back-to-the-Wall responses against ET sequence, the picture seen
as first clearly stands out, with a visible decline in Spatial Memory
performance for the last pictures. A contrast chi-squared test (the
first artwork in ET Sequence against all other artworks) showed that
difference was statistically significant (c2(1) = 4.33, p = .037).
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Figure 15.12.: Wall length plotted against the number of ‘false posit-
ive’ responses per wall.

Figure 15.13.: Average Back-to-the-Wall score in two experimental
conditions.

198



15.4 spatial memory

Figure 15.14.: Mean frequencies of correct Back-to-the-Wall responses
plotted against the viewing sequence (whiskers indic-
ate standard error).
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16

D I S C U S S I O N

This section will discuss the results of Experiment 1 in relation to the
hypotheses stated previously in Section 12. The study here described
had an exploratory character and its analysis will form a basis for
further work in this thesis.

16.1 visual attention

The distribution of dwell lengths was heavy-tailed, as it was pre-
dicted by Hypothesis (A1). A steep slope of the distribution’s density
(Figure 15.2, p. 170) can be observed at around 2-second length, re-
flecting the theory-based division made earlier in this thesis between
short and long dwells potentially contributing to qualitatively differ-
ent elements of the art perception process. Long-to-Short Dwell ratio
reaching the value of 0.33 demonstrates that for each long dwell per-
formed, visitors performed about two short dwells. High proportion
of short dwells can indicate that—during the exploration of an un-
known environment—those quick glimpses aid the decision making
process about the further visual engagement and that this process re-
mains under constant revision. Such interpretation would follow the
suggestions made by J. K. Smith and Smith (2001), Bitgood (2010),
Locher et al. (2007) in regard to the decision-making component of
the visual interaction with art.

Considering the cumulative lengths of all engagements, it has been
noted that Total Dwell Time per picture ranged from 24 to 40 seconds.
With the mean of 31.71 sec. it therefore was not significantly different
from the 30 seconds-mark previously found in other studies (J. K.
Smith & Smith, 2001; Locher et al., 2007) and described by Hypothesis
(A2).

The proportion of time visitors spent looking at pictures and the
time they spent looking off-pictures was significantly different from
the proportions which could be expected based on the artworks’ share
in total length and visibility of all walls. This, consistently with Hy-
pothesis (B1), demonstrates that visual attention of participants from
both experimental conditions was modified by the presence of visual
targets in that space. It thus can be assumed to be task-specific in an
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environment where looking at pictures constituted a natural, ‘default’
cognitive goal of the entire visit.

Quantitive aspects of the oculomotor behaviour, i.e. Number of
Dwells and Total Dwell Times were predicted by two models:

log(No. of Dwells) ~ VCA + View. Sequence + Total Time Inside +
(1|ids) + (1|loc)

and

log(Total Dwell Time) ~ VCA + Iso. Jaggedness + Total Time Inside +
(1|ids)

All effects except ET Sequence were positive, meaning that the in-
crease in VCA, Isovist Jaggedness, and Time Spent Inside increased Num-
ber of Dwells and/or Total Dwell Times.

Hypothesis (B2) stated that the size of VCA will have a positive im-
pact on the Number of Dwells and Total Dwell Times. In both cases, this
statement has been confirmed. At least two alternative explanations
can be offered: (a) that this influence is due to ‘top-down’ factors such
as perceived prominence of those locations with larger VCA attracting
more attention from the viewer; and (b) that it is due to ‘bottom-up’
factors, such as increased probability of fixating on more visible ob-
jects during a random visual exploration of space1. However, under
the lack of predictive advantage of the Isovist Area factor, the former
explanation (a) becomes more justified. Since visitors explored the
gallery through the variety of individual trajectories, assuming fixa-
tions on the basis of visibility alone would yield a higher suitability
of the entire Isovist Area measure over its restricted 60 degree visibil-
ity cone2. This variable incorporates a much wider angular spectrum,
thus better reflecting the visibility potential of individual locations.
Knowing that the visitors’ eye movement was guided by Visibility
Catchment Areas instead, suggests that viewers either associated such
locations with higher importance, or actively preferred straight-on in-
teractions while minimising the oblique ones. In either case, this fact
demonstrates that the oculomotor behaviour of the gallery visitors
has been guided by the ‘top-down’ cognitive goal of a comfortable
visual engagement with an artwork.

1 As we have already shown, participants’ visual attention was not fully random and
was attracted to pictures much more than it could be expected purely from their
width and visibility compared to the empty stretches of wall surfaces. Here, we con-
sider a case in which we assume that visual attention is random given that artworks
already constitute a legitimate ‘visual target’. The randomness here assumed would
lie in the choice of one visual target over another, not in the choice of a wall segment
with and without a visual target.

2 This is due to the fact that random fixations are similarly likely to fall on objects at
very oblique angles, as they are to happen straight-on since visibility of a stimulus
would be the only criterion considered.
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On the contrary, increased Isovist Jaggedness (also associated with
prolonged cumulative viewing times) represents a less-ideal viewing
conditions by offering a potentially non-stable viewing experience for
each viewer who walks through space. An explanation of why this
effect is significant might be the fact that longer cumulative viewing
times are required for a picture to be processed to a satisfactory level
(e.g. until an aesthetic judgement can be formed Locher et al., 2007)
under such non-stable viewing conditions. This suggestion, however,
bears a dissimilar theoretical assumptions underlying the oculomo-
tor behaviour happening inside art galleries compared to the ones
presented in the previous paragraph in regard to the influence of
VCAs. One argument links longer and more often viewing with a
consciously made pre-selection (e.g. based on the perception of pre-
sumed importance of an artwork), while the other associates it with
increased cognitive challenge. The data here analysed does not offer
a satisfactory answer to the question of which one is true. From the
theoretical viewpoint it seems entirely possible, however, that two—
somewhat conflicting factors—have presence in an art gallery con-
text. This raises a question in relation to memory measures further
investigated in this thesis: if longer Total Dwell Times are the result of
higher interest, they will most likely result in deeper cognitive pro-
cessing and contribute to better Recognition Memory for the particular
artworks. If longer Total Dwell Times are the result of difficulty in cog-
nitive processing when an image is being analysed to a satisfactory
level, no change in Recognition Memory would be predicted based on
this variable. We will refer to this problem as Hypothesis (C8) later
in the Discussion.

The negative influence of viewing sequence demonstrates that art-
works which were seen later attracted less dwells. And yet, no such
effect on cumulative viewing times was observed, suggesting that
despite the fact participants might have devoted less glimpses to
artworks located further away on their path, these less numerous
interactions became longer, resulting in similar cumulative fixation
times. This finding might add an interesting perspective to the issue
of ‘museum fatigue effect’ (Bitgood, 2009), although remains beyond
the scope of the current work, as it is unclear how exhibition layout
might affect viewing sequences. The only relevant data here available
is a generic measure of viewing sequence similarity. This analysis has
shown significantly lower MNLD values in Cond. 2 what indicates
that viewing sequences were more similar between individual parti-
cipants in Condition 2 than they were between participants in Condi-
tion 1. Such result is in line with Hypothesis (A4), since the difference
in spatial arrangement of artworks3 unified the sequences through
which visitors explored the gallery in Condition 2. One reason for
such an effect might be the fact that artworks under this arrange-

3 The content of artworks and the wall layout being identical across the conditions.
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ment were grouped in a clearer manner. While a person exploring
any room in Cond. 1 had the possibility to turn the head into any
desired direction in order to follow one engagement with another,
visitors from Cond. 2 were much more likely to engage with those
artworks, which were directly adjacent to the one they were already
engaged with. Thus, a ‘local’ emergence of ‘exhibition visit scripts’
was much more probable. From the data available, little can be un-
derstood, however, about how global trajectories differ in respect to
the likelihood of entering one room prior to another.

Both models are under a heavy influence of Time Spent Inside vari-
able. In both cases, this has been the most impactful factor, and due to
the nature of this statistical technique, it would be misleading to ana-
lyse the influence of space without considering so highly predictive
measure in the model. The dominance of this predictor is especially
visible in the model describing Total Dwell Time, which is unsurpris-
ing, given that being inside the gallery visitors rarely engage in activ-
ities alternative to viewing artworks.

Initially however, there was no evidence in favour of Hypothesis
(D3), which stated that the oculomotor behaviour of those participants,
who stayed inside the gallery for longer will be affected by space to
a larger extent. Such an effect is difficult to quantify, as Time Spent
Inside already is the strongest predictor of the quantity of eye gaze
deployed to separate artworks. However, considering the measures
of Normalised Number of Dwells and Normalised Total Dwell Time made
it possible to control for the impact of time. The above two variables
describe relative proportions of eye movement falling onto each in-
dividual picture, compared to all other pictures during a single visit.
Predicting relative proportion of dwells seems to have little applic-
ability in practice, as the final subjective experience of every visitor
is heavily dependent on the time spent inside an exhibition. There-
fore, the reader should bear in mind this statistical transformation
has been conducted only to test Hypothesis (D3). It remains ques-
tionable, how measuring the influence of space on the proportion of
attention allocated to separate objects can reliably guide design prac-
tices if other, more important factors remain ignored. Low R2 values
of the Model 15.10 further expose this issue. However, the models—
to a limited extent—were able to confirm the assumption that space
has a more dominant influence on the oculomotor behaviour of those
visitors, who remained in the gallery for longer. Both, Normalised
Number of Dwells and Normalised Total Dwell Time showed a significant
interaction effect with factorial Time Spent Inside and one spatial meas-
ure (VCA for Normalised Number of Dwells and Potential Co-Visibility
for Normalised Total Dwell Time). The influence of the above spatial
factors will be more dominant on those participants, who stay inside
for longer. As Wineman et al. (2006) suggest, this is due to the fact
that visitors exploring the gallery for longer have more opportun-
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ities to become aware of spatio-visual relations between individual
artworks (such as a more prominent visibility of some of them) and
in result engage with them more. This is in an interesting point, as
it suggests that more interested visitors, willing to spend more time
on interacting with the art, remain under a heavier influence of the
curatorial intervention, instead of building a more independent, in-
dividually unique experience. Prevailing popularity of physical art
gallery visits in the age of the internet shows, that being influenced by
these curatorial spatial interventions is a desired part of the visitor
experience. As spatial layout is a legitimate curatorial mean for creat-
ing such experiences, its increased impact on more engaged visitors
is of little surprise. On the contrary, Number of Dwells allocated to
pictures seen later in the sequence decreased for those participants
who explored it faster, but did not decrease for participants who al-
located more time for the entire visit. Longer visits facilitated less
dependence on the order of viewing, but more on visual characterist-
ics of artwork locations. Again, no similar effect was found for Total
Dwell Times, meaning that the decrease in the Number of Dwells for
the works viewed later has no straightforward impact on cumulative
viewing times.

It is a separate issue to what extent Time Spent Inside an art gallery
can be modified by a curatorial intervention (such as altering spatial
layout), and how much of its variation emerges from differences in
individual exploration styles instead. Spatial interventions intending
to affect average visit durations could for instance include changes
in total floor area (however, there is some counter-evidence to that:
Serrell, 1997; Yoshimura et al., 2012) or the configuration of artworks
imposing more complex walking trajectories (Wineman & Peponis,
2010; Stavroulaki & Peponis, 2003). Individual exploration styles can,
on the contrary, remain beyond the external control in a typical art
visit situation. Informal observations of art enthusiasts suggest that
differences in the agendas and preferences of their visitors might be a
strong moderating factor. After all, an art gallery visit is a voluntary
experience, being primarily the result of one’s own wish to satisfy
a personal cognitive need. The physical context of the exercise adds
further components affecting the time spent inside it, such as physical
tiredness, time constrains in one own’s schedule, or the attitude of
other members of the group. Perhaps, the limited impact a curator
might have on this set of factors could be improved by making an
effort towards diversifying the physical possibilities of exploration,
e.g. by including various types of benches.

In accordance with the previously stated Hypothesis (A3), separate
pictures and their Salience Rating did not introduce a significant vari-
ability into the quantity of visitors’ oculomotor behaviour, meaning
that the impact of individual picture’s content was negligible. This
is also visible on the boxplot Figure 14.3, p. 162. None of the by-
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picture random effect was significant, indicating that the variability
in cumulative viewing times across pictures could not be explained
by any other difference in their content. However, the influence of
random by-subject variability was significant. These combined facts
suggest that even if personal preferences did play a role in how long
participants looked at individual images, they were so dissimilar, that
cannot be generalised on a by-picture basis. It should here be noted
that those findings can be the result of the used selection consisting
of relatively similar stimuli and of the specific style of hanging em-
ployed in both conditions. By-picture variability could, for instance,
happen to be significant under more radical hanging arrangements
such as displaying multiple pictures hanging within a closer proxim-
ity to each other.

The fact that experimental condition was not a significant factor pre-
dicting Number of Dwells or Total Dwell Time of art gallery visitors
suggests that the spatial fixed-effect predictors used in the models
accounted for the sufficient amount of spatial variation introduced
across conditions. This demonstrates, that there was no significant in-
fluence of spatial factors other than the one described by VCA, Isovist
Jaggedness, and Potential Co-Visibility variables. Alternative variables
which could be considered, such as number of pictures per wall or
metric distance between pictures, either had no significant effect un-
der the employed experimental conditions, or have already been suffi-
ciently accounted for by the used measures. Concurrently, one of the
two above models includes a significant random by-location effect,
meaning that a considerable part of the variance across separate loca-
tions remains unexplained even after considering the fixed-effect spa-
tial predictors. Even then this by-location variability does not seem,
however, to be systematically divided across the experimental con-
ditions. The impact of the imposed experimental manipulation on
visitors’ oculomotor behaviour perhaps did not reach statistical sig-
nificance because is was not radical enough. Experimental manipu-
lation increased the spread of spatial variables describing the posi-
tioning of artworks, but did not have much other influence. The fact
that 3 spatial variables are able to sufficiently describe the entire sig-
nificant spatial variation between 2 distinct exhibition arrangements
poses two comments: (1) that the selected spatial measures are very
well fit for purpose, at least when visual attention inside art galleries
is considered; and (2) that the impact of space on oculomotor beha-
viour is restricted when the configuration of physical walls remains
unchanged. Floor area, entrance and exit direction, as well as the
set of ‘all possible’ trajectories are identical no matter what hanging
arrangement is employed in such a study. The latter point will be
one of the main reasons for modifying physical wall configuration in
Experiment 2, which we will review further in the thesis. The former
suggests, that those spatial effects which remain meaningful even in
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the presence of large individual differences can be controlled by a cur-
ator with the use of a limited number of easily quantifiable variables.
At least in an art gallery as simple as the one used in the Experiment 1

and for non radically unusual hanging arrangements.
High Conditional R2 values suggest that about 75% of all variance

in the visitors’ Number of Dwells and Total Dwell Time per individual
object can be predicted based on the individual differences in viewing
style, and spatial arrangement of the paintings alone. Marginal R2

values demonstrate that about 52% of all variance in Number of Dwells
and about 62% in Total Dwell Time has been explained by the fixed-
effect factors which bear the potential to inform future design of the
yet-unbuilt exhibitions.

Two additional models explored the possibility of predicting the
‘dynamics’ of visitors’ oculomotor behaviour. The following formulae
described the best-fit predictors:

Picture-Switching ~ VCA + Potential CoVis. + (1|ids) + (1|loc)

and

Long-Short Dwell Ratio ~ cond(n.s) + VCA +
Iso. Jaggedness + Potential CoVis. + Salience Rating +
gender + (1 | ids) + (1 | loc) + cond*Salience Rating

With Marginal R2 values at 0.21 and 0.25 respectively, the dynamics
of the visitors’ eye movement was much less predictable based on the
factors of interest. It did not depend on Time Spent Inside, as both
outcome variables here considered were ratio measures calculated
relative to all interactions conducted by individual participants.

Interestingly, despite the fact that Potential Co-Visibility had no signi-
ficant effect on either of the measures describing the quantitive aspect
of the oculomotor behaviour (Models 15.3 and 15.4), it did affect the
dynamics of viewing. It is not where people allocate their attention,
but how they utilise it, which remains under the influence of the num-
ber of potentially distracting objects in the visitor’s surrounding. It
is an important aspect to consider for future experimental aesthetic
and museum visitor studies. Primarily, because it exposes how major
a limitation are all observational techniques insensitive to the more
subtle patterns of visual attention. This relates to all studies where
visual engagement with art is approximated based on third-person
observation (typically from behind the visitor’s back), or on the spa-
tial trajectory of the individual alone. It remains to be seen in this
thesis, whether the change in the dynamics of the oculomotor be-
haviour also affects what visitors ‘get out’ (or remember) of an art
exhibition.

Hypothesis (B4) which stated that only a ‘complete isolation’ of
an artwork will result in lengthening its viewing times could not
be tested precisely, as all artworks from Condition 1 and only two
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paintings (closest to the entrance and exit) in Condition 2 were isol-
ated ‘completely’, possibly confounding such detailed interpretation.
However, there was no linear influence of Potential Co-Visibility on
Number of Dwells or Total Dwell Time. Potential Co-Visibility, did how-
ever, had a negative influence on the dynamics of visual attention,
decreasing the proportion of long dwells and increasing the Picture-
Switching ratio. Visitors performed lower proportion of long dwells,
and were more likely to quickly ‘switch’ between alternative artworks
the more of them were co-visible with the given painting. Accord-
ing to the principles stated in Hypotheses (B5) and (B6), Co-Visibility
seems to have caused ‘spotty-focused’ attention, as the stimuli drew
the engagement from each other. The limitation of the employed
statistical approach and the limited variance of Potential Co-Visibility
measure does not allow us, however, to investigate if this influence
is truly linear. Larger-scale studies should consider the possibility
that increasing co-visibility ceases to cause any more picture-switches
and short dwells at some level, as it would become uncomfortable and
impractical to react yet more dynamically to an infinitely increasing
number of stimuli in the nearby environment.

According to Model 15.5, Picture-Switching Ratio indicating how of-
ten a dwell was followed by a quick, immediate fixation on another
object, was higher for locations with larger VCA and higher Potential
Co-Visibility. Larger VCA can be linked to a higher opportunity for
‘catching’ that object while switching between multiple pictures (i.e.
the target of a potential ‘switch’ is automatically more likely to be
the image from which one is ‘switching on’ to something else). The
impact of higher Potential Co-Visibility is unsurprising, as this vari-
able was designed as a measure of potential distraction one might
encounter while engaging with separate artworks. Having a larger
number of objects in one’s periphery vision thus increases the chance
of changing the object of attention more directly. When an artwork
has no other artworks ‘co-visible’, such a direct ‘switch’ is simply
impossible - the viewer needs to look at other fragments of space
while traveling with gaze to the next stimulus. What is interesting is
the linear characteristic of this relationship. It appears that the pres-
ence of additional objects does not simply provide the opportunity
to quickly switch between them, but most likely stimulates this type
of behaviour. An extreme example of such a fact is to imagine an
art gallery populated very densely with pictures, almost adjacent to
one another. It can be predicted that despite large floor, ceiling, and
wall surface areas available above and below the line of displayed
artworks, potential visitors would spend close-to-none fixations on
anything else than pictures and their Picture-Switching ratio would be
very high. Whether the recalled experience of such a visit would be
different from walking between individual rooms with one painting
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16.1 visual attention

in each space only, proceeded and followed by completely empty wall
surfaces is still an open question.

Both Picture-Switching ratio and Long-to-Short Dwell ratio models in-
clude a significant random effect of picture location. This suggests
that not all variability in the dynamics of visitors’ eye movement can
be explained using the specified spatial predictors (namely VCA, Po-
tential Co-Visibility, and Isovist Jaggedness) and that there are other sig-
nificant factors playing an important role, although they don’t seem
to differentiate the two experimental conditions in a systematic man-
ner. This might include factors related to the metric distance between
individual artworks and their orientation angles relative to each other.
More theoretical work is required in order to build measures which
would sufficiently describe the aspects of the environment relevant
for human visual attention, while avoiding collinearity of such meas-
ures. For example, Picture-Switching was higher in Cond. 2, where
pictures were located closer to each other, and the possibility of view-
ing many of them without moving one’s head was much higher. A
measure quantifying this feature would however depend on the cur-
rent location of the viewer and be path-dependent. As stated previ-
ously, the precision of path-independent measures in predicting hu-
man viewing fields must be limited and it is important to highlight
that measures which are easily generalisable for multiple exploration
styles have a lower predictive power. Potential Co-Visibility used in-
stead to encompass similar aspect is an example of such limitation.

Interestingly, despite being more likely to change between pictures
quickly, visitors from Condition 2 executed more similar viewing se-
quences than those in Condition 1. This supports the earlier stated
explanation that higher similarity of viewing sequences is most likely
the result of viewing pictures in local groupings. Where multiple art-
works are present in front of the viewer, the likelihood of comparing
them through ‘picture-switching’ is higher, but the resulting dwells
form clusters which distinguish it from the viewing mode of one-
picture-per-wall situation arranged in Cond. 1. Further work focused
on discovering the exact factors which facilitate ‘picture-switching’
could contribute to the designer’s ability to plan and predict the ‘local’
occurrence of ‘exhibition visit scripts’.

Long-to-Short Dwell ratio was affected by the highest number of
significant predictors from all models considered above. Interest-
ingly, it was the only measure where gender had a significant impact
on the visual attention of art gallery visitors, with the behaviour of
males generally consisting of lower proportion of dwells longer than
2 seconds4. Locations with larger VCAs generated lower proportion
of long dwells, which—together with a significant negative influence

4 Gender differences in visual attention are not the focus of this thesis. They also
tend to be limited to a certain range of age spectrum (Miyahira, Morita, Yamaguchi,
Nonaka & Maeda, 2000).
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of Potential Co-Visibility—can be explained by the higher chance of be-
ing the ‘distracting’ object while participants remained engaged with
other artworks (and consequently one visitors get distracted ‘from’).
Also, the more ‘jagged’ the isovist was, the lower the proportion of
longer dwells, which is in line with the theoretical underpinning of
this concept. A more jagged visual field results in a less stable, inter-
mittent visual experience consisting of shorter interactions5. Lastly,
pictures ranked higher on Salience Rating generated higher proportion
of long dwells, but the effect was only present in Cond. 1. This can
suggest, that the impact of individual picture content only affected
the dynamics of the oculomotor behaviour when viewing conditions
across the entire gallery were arranged in a manner emphasising the
distinct character of the stimuli by isolating them in a one-per-wall
fashion. This suggests that the power of ‘complete’ isolation Robin-
son (1928) wrote about has a much more subtle contribution to the
final gallery experience and affects the dynamics, but not the quantity,
of the attention deployed.

In none of the four models described above, including Isovist Area
instead of Visibility Catchment Area as a predictor improved the over-
all performance of the model. This fact can suggest that despite cov-
ering a smaller proportion of space, VCA bears a predictive power
equal to, or better from, considering the entire Isovist Area generated
from a particular artwork’s location. Since considering the fraction
of isovists lying outside VCAs did not result in an increase in fit of
the considered models, it can be concluded that VCA is a measure as
suitable, or more suitable from the Isovist Area, while remaining more
theoretically plausible, and correlated less with other spatial predict-
ors considered in this thesis. While the exact VCA, or true ‘area of
comfortable viewing’ can vary depending on the context and size of
the stimuli (Xie et al., 2007), the main theoretical principle stating
that the area located directly in front of a picture bears higher sig-
nificance for human cognition during the unrestricted exploration of
space, seems to find confirmation in the empirical data.

As stated in Hypothesis (B7) eye-tracking data did not confirm the
ideas of Bitgood (2010), who suggested that the influence of spa-
tial factors might be less important for longer, more diligent inter-
action with artworks. A model predicting Number of Dwells altered
to contain the interacting factor of Long Dwells Level has not shown
a significant interaction effect of VCA and Long Dwells Level. A data-
set aggregating all visual interactions between individual participant
and each separate artwork, however, is not well-suited for such an

5 Note this does not only apply to extreme examples of isovists ‘jagged’ due to the
presence of columns or other free-standing obstacles. An isovist ‘jagged’ because
of encountering multiple open room corners is also more likely to be viewed in-
termittently than the one which does not. Vistas expanding across multiple rooms
are visual tools very commonly used in many world-renown museum institutions
(Tzortzi, 2007).
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analysis. Inquiring whether a single diligent interaction has or has
not been affected by the environmental factors could potentially be
proposed within a dataset containing exact walking trajectories and
viewing directions. More robust confirmation of Hypothesis (B7) lies
therefore beyond the technical possibilities of this thesis.

For similar reasons, Hypothesis (B8) stating that multiple pictures
adjacent to each other might be perceived as a holistic creative entity
and result in lower proportion of long dwells per picture could not be
verified with the data available. The result showing that Number of
Pictures on a Single Wall decreased the overall fit of the model com-
pared to the standard Potential Co-Visibility measure speaks against
more specific Hypothesis (B8). However, a more detailed dataset in-
volving quantified viewing directions joint with exact walking traject-
ories could potentially feed a more sophisticated statistical model6.

The spatial variation introduced across the experimental conditions
had a limited impact on the visual attention, most probably because
of the same wall configuration. These was one of the main reasons
inspiring the design of Experiment 2. However, before reviewing the
next study, let us first discuss the memory results of Experiment 1.

16.2 recognition memory

In general, Recognition Memory performance of individual participants
for separate pictures could not be well explained with the gathered
data. In relation to the research question of this thesis and Hypo-
theses (C4), (C5), and (C6), no direct linkage between Recognition
Memory and spatio-visual factors describing the location of pictures
inside the gallery were found. Little by-location random-effect vari-
ance in the described models demonstrates that there was no notice-
able consistent variability across those locations in the Recognition
Memory performance. Some participants performed better then oth-
ers and in some cases separate pictures triggered varying memory
performance, but the location of the individual artworks seems to
play a limited role in this aspect of human cognition. However, a sig-
nificant cross-conditional effect on Reaction Times demonstrates that
the artwork locations can cumulatively modify the memory perform-
ance of gallery visitors. Nevertheless, since more than one spatio-
visual factor differed across the conditions (Section 14.1), the inter-
pretability of this result is limited. It can potentially be argued that
the cause of this difference is a somewhat less ‘optimal’ setting of Con-
dition 2 consisting of smaller VCAs and larger Co-Visibility in relation
to Cond. 1. As it is known from the previous section, Condition 2

caused more ‘spotty-focused’ attention by decreasing the proportion

6 A theoretical concept of ‘sight vectors’ proposed by Müller-Feldmeth et al. (2014)
might offer such a possibility in the future and it will be reviewed in more detail
further in the thesis.
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of long dwells and increasing the Picture-Switching ratio. According to
Hypothesis (C1), the resulting decrease in Recognition Memory per-
formance is in line with laboratory-based memory studies of divided
attention. It must be noted however, that real-life setting is very differ-
ent from a computer screen and any effect of Potential Co-Visibility on
human behaviour and cognition in 3-dimensional space might come
from a much broader set of factors.

Hypotheses (C4—6) considered the relation between isovist char-
acteristics and Recognition Memory. Even though—as it has been
noted above—no direct linkage has been shown statistically signific-
ant in the data, the effect can be analysed cumulatively. As we known
from Section 14.1, the distribution of isovist area and isovist jaggedness
variables across the conditions was similar. Therefore, only Hypo-
thesis (C6) can be verified, to a limited extent suggesting that larger
VCAs can contribute to reducing the cognitive load associated with
cognitive processing of individual artworks.

Total Dwell Time was a significant predictor of Recognition Memory
operationalised by RT accuracy variable. This confirms the general
assumption of the linkage between eye movement and Recognition
Memory expressed in Hypothesis (D4). As the majority of parti-
cipants’ responses were ‘correct’ (78%), the influence of oculomotor
behaviour should be rather interpreted as inhibiting in a limited num-
ber of circumstances, than linearly predictive of better Recognition
Memory. In other words, very low Total Dwell Time decreased the
chance for successful memorisation while the memorisation was nev-
ertheless successful in the majority of cases. It thus can be concluded
that the influence of space on Recognition Memory is indirect and
manifests itself through the space’s impact on the oculomotor beha-
viour proceeding memorisation. In order to interpret this significant
effect of Condition on RT measure, we can refer back to the spatio-
visual factors which have previously been shown to modify Total
Dwell Times on a location-by-location basis. These are VCA and Isovist
Jaggedness (see Model 15.4 in Section 15.2). Since the effect of Isovist
Jaggedness was smaller, and artwork locations from Conditions 1 and 2

did not differ substantially in this measure, but did in their VCAs, we
can conclude that Recognition Memory has been likely affected by
cumulatively smaller VCAs in Condition 2, as a consequence of the
fact that they decreased Total Dwell Times for individual artworks.

According to Hypothesis (C8) additionally stated in Section 16.1,
Total Dwell Time was linked with better Recognition Memory, at least
on the aggregate level. As we have previously discussed, this fact
might clarify the ambiguous relation between the quantity of visual
attention deployed to individual artworks and the underlying reasons
for such behaviour. The fact that longer Total Dwell Times were correl-
ated with better RTs suggests that longer viewing deployed to an art-
work might be connected with deeper cognitive processing of these
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Figure 16.1.: Reaction Times (inverted - the higher the faster)
and viewing sequence plot demonstrating the lack of
primacy effect on Recognition Memory.

works, and not—what was the alternative hypothesis—with higher
difficulty in processing the picture to a satisfactory extent. Such inter-
pretation is in line with Hollingworth (2012) who argues that different
tasks trigger different patterns of oculomotor behaviour, but once at-
tention is deployed to a particular object, memory benefits from this
allocation with little consideration to the initial task. In line with
this argument, we could consider spatio-visual characteristics as ex-
ternal factors guiding visual attention similarly as task specificity is
described by Hollingworth (2012). Those spatio-visual characteristics,
in a similar manner to the task, bear the potential to influence eye
movement patterns. It is thus not surprising that their impact on Re-
cognition Memory happens in a similar, indirect manner - through the
allocation of eye gaze.

To test for Hypothesis (C7) predicting better memory performance
for first (primacy effect) and last (recency effect) object seen by each
participant, RT(inv) was plotted against ET Sequence, indicating at
which order the pictures were seen by each participant. Figure 16.1
shows these boxplots.

Boxplot figure revealed that there is no primacy or recency effect in
the dataset and thus further statistical tests were omitted. There was
no evidence to support Hypothesis (C7).

Significant effect of Time Spent Inside on RT accuracy and a stronger
effect of Condition on Reaction Times for participants who stayed in-
side the gallery for ‘longer’ can be interpreted in line with Hypothesis
(D3). The longer visitors spent exploring, the higher was the cumulat-
ive impact of space on their cognition. Participants who spent relat-
ively little time inside can be seen as those performing ‘the minimal
required’ engagement to fulfil their goal (which was to see all pic-
tures inside the gallery). During this phase, space has a very limited
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influence, and it is only in the later phase of the exploration when
the impact of small differences in spatio-visual characteristics of indi-
vidual objects start to accumulate.

We can summarise this section by stating that the effect of space
on human recognition memory is indirect (happens through the alloc-
ation of eye gaze), cumulative (is better observable in aggregate across
two distinctly designed environments than on a location-by-location
basis), and most likely inhibiting (rather than enhancing) memory in
comparison to a theoretical ‘neutral’ situation.

16.3 spatial memory

Comparing Models 15.15 and 15.16 suggests an interesting conclusion
that eye movement is not an important predictor of Spatial Memory
on an object-by-object basis. Time Spent Inside and experimental con-
dition had the strongest influence. The lack of influence of eye move-
ment on Spatial Memory in the context here described can be fur-
ther supported by referring to Section 16.1 which contains a detailed
analysis of visual attention results. Under the presence of precisely
defined spatial characteristics of individual locations, Condition was
not found to be a significant predictor. The cross-conditional differ-
ence in Spatial Memory observed above lies therefore not in accumu-
lated differences in visual attention patterns but in other factors, not
accounted for in the current analysis. There are multiple reasons for
which the spatial configuration of Condition 2 was easier to recall,
one of which being that multiple co-visible artworks could serve as
reference points in one’s mental map of the environment. However,
since the conditions contained different number of pictures per wall,
this interpretation is limited by the potential bias in the measure. For
instance, participants from Condition 2 answering randomly had a
higher chance of putting a picture onto a correct wall, as long as they
remembered which wall contained any pictures at all. On the con-
trary, a person not being able to recall which walls were occupied
with pictures would face the risk of scoring multiple ‘false hit’ errors.
This issue will be tackled in a further study, where number of pictures
per wall will be kept constant across the conditions.

Insofar, the lack of relation between eye movement and Spatial
Memory is contrary to Hypothesis (A5). It was based on the find-
ings made by B. W. Tatler, Gilchrist and Land (2005), who found that
memory for object’s position accumulated with number of fixations in
a study where participants were asked to view a real-world scene for
5 seconds. Tatler’s explanation is that information about other object
properties measured in the study (e.g. its colour and presence) can be
gathered outside of fovea, while the information about its position is
not. In light of this explanation, the effect might be much larger in an
experiment allowing only very short viewing times, when the inform-

214



16.3 spatial memory

ation gathered in general is scarce. In a free-walking scenario, where
participants are almost unlimited in the viewing times they wish to
devote to exploring a gallery other factors seem to play a role in fa-
cilitating their Spatial Memory and no linear effect of eye movement
can be observed any more. Contrary to the previous expectations
‘spotty-focused’ attention happened to have no negative effect on the
spatial aspect of this understanding.

The finding that Spatial Memory performance increased in Condi-
tion 2, where—as we saw in Section 16.1—visual attention was more
‘spotty-focused’ adds an interesting depth to the discussion of Hy-
pothesis (B6). More interrupted viewing is generally believed to de-
crease the ‘understanding of the exhibition’ (Bitgood, 2010). On the
cumulative level of the entire gallery visit, indeed such a viewing
mode caused by the setting of Condition 2 decreased Recognition
Memory (describing how well participants remember individual ob-
jects), but also increased Spatial Memory (potentially describing how
well visitors remember spatial relations between objects). The ‘un-
derstanding of the exhibition’ has therefore at least two facets which
do not necessarily increase or decrease simultaneously and linearly
throughout the visit.

This confirms earlier studies of landmarks where these two memory
systems were found to depend on different set of factors, as it was
predicted in Hypothesis (C2), even though no direct linkage between
any of these factors was clearly apparent. Contrary to the mentioned
landmark studies, however, the experimental design of the study here
described was not planned specifically for investigating this single ef-
fect.

In opposite to Hypothesis (C3) these factors were not observable
on a location-by-location basis and thus it cannot be verified whether
Spatial Memory for particular objects was affected by its perceived
higher spatial importance. Low by-location variability suggests how-
ever, that this was not the case, and that the differences are only
visible in an aggregate cross-conditional comparison.

Large variance in the results from Condition 2 (compared to Cond. 1)
indicates, that significantly better performance observed in Cond. 2

is due to a group of visitors for whom this particular exhibition set-
up was easy to comprehend. Cond. 1 lacked such a subgroup, and
the performance of all visitors was relatively similar. We can con-
clude by saying that the layout presented in Condition 2 can work
very well for some, and very badly for others, when it comes to un-
derstanding spatial relations between separate pictures. Individual
differences however seem to play a much smaller role in Condition 1,
where ‘an optimised’ spatial design in fact resulted in relatively poor
performance of all visitors.

In line with Hypothesis (C7) the position of the first picture seen
inside the gallery was remembered best, although this effect might
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be due to the particular layout of the studied galleries, where no dis-
tractors were present at all in the corridor the participants explored
as first. Further confirmation of this result in a more complex envir-
onment is required before its implication for Spatial Memory studies
can be discussed.

Another result worth noting is that, as predicted by Hypothesis
(D1), Spatial Memory performance decreased with age. Although
this not surprising considering a large body of research showing that
all spatial skills decrease as people get older (Kirasic, 2000).
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E X P E R I M E N T 2





Experiment 2

Experiment 1 had shown that spatial factors responsible for the
‘quality’ of the visual experience alone were able to create a difference
in the subsequent memory performance of the gallery visitors. The
factors we focused on were Potential Co-Visibility and Visibility Catch-
ment Areas. Despite the fact that the total coverage of isovist areas
was the same in both conditions of Experiment 1, and that the aver-
age size of the pictures’ isovist was similar, this ‘quantity’ of visual
stimulation did not provide equal conditions for engaging with and
processing of artworks.

Building on the findings from exploratory Experiment 1, a more
restricted study was designed to investigate the specific relationships
between Visibility Catchment Areas and Potential Co-Visibility of picture
locations. By arranging two experimental conditions where VCAs
were similar, and Potential Co-Visibility highly differed, it was possible
to disentangle their individual impact on the gallery experience.
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M E T H O D

In Experiment 2, participants were invited to explore a non-public art
gallery arranged in a psychological laboratory at the Open University
in Milton Keynes, UK. The space is located in one of the newly built
university buildings and it is purpose-built for experimental psycho-
logy studies. Despite being located in a public building the access
to the laboratory area is restricted and a separate reception room for
briefing and de-briefing participants is available. The study was con-
ducted between the 22nd of January and 5th of February 2014.

17.1 procedure and participants

The procedure was identical to the one employed in Experiment 1

(Section 13.1) with a single exception. Informal conversations with
the participants of Experiment 1 suggested that some of them as-
sumed the longer time they spend inside the gallery the ‘better’ it
is for the study. Thus, the instruction presented in Experiment 2

(Appendix D) was amended to put a stronger emphasis on the in-
dividual preference regarding the time spent inside. Again, due to
the eye-tracker’s battery capacity, 30 minute time limit was imposed.
One participant did not comply to the time limit and was interrupted
by the researcher and asked to leave after having spent 35 min inside
the gallery. This person’s data was not removed from the final data-
set as eye-tracking recordings would still allow to assess the sequence
and quality of his or her visual engagement with the artworks.

Forty-five participants were recruited through university email sys-
tems, regional internet discussion forums, and a local newspaper art-
icle for an advertised fee of £6. Four participants were interrupted
by unusual events (lighting failure, or a picture falling off the wall)
and were not considered in the data analysis. The remaining 41 parti-
cipants (27 female, 14 male) were aged between 18 and 69 (M = 40.64,
SD = 15.92).

Participants were randomly assigned to one of two experimental
groups depending on the scheduled day of the meeting. Seventeen
participants explored the gallery in experimental Condition 1, and
24 in Condition 2. Following the calibration of the eye-tracker, each
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Figure 17.1.: Two layouts arranged in Experiment 2. Ragged line
in top left corner represents a black curtain stretching
from floor to ceiling, which covered laboratory’s tech-
nical equipment behind it. At its longest and widest
point the room is 17 x 7.6 m, and the wall partitions ad-
ded in Condition 1 are 2m (vertical) and 1.6m (horizontal
ones) each.

participant was brought in front of the gallery entrance and asked to
use the same door as an entrance and an exit.

17.2 space and materials

Contrary to Experiment 1, spatial conditions of Experiment 2 differed
by the shape of the gallery layout, but did not by the coordinates of
the pictures’ locations (Figure 17.1, 17.3, 17.2, and 17.4).

An empty wall segment was added at the end of the artwork se-
quence in both Conditions (following locations y06/y07) to prevent
participants from turning very rapidly around the wall and spotting
the first image on the other side from a very close distance. Such a
situation would potentially distinguish these two edge locations from
all others, as visual encounter was more likely to start from a larger
distance in all other cases. This addition of an extra partition was
not possible on the opposite end of the wall and will be considered
during the analysis of the results.

Each experimental condition contained 12 artworks which were
previously used in Experiment 1 (Bellamy, 2012). Compared to the
previous study however, two artworks were not used: pictures ‘G’
and ‘H’. The size of the image set had to be reduced in order to en-
sure equal spatial distribution of individual objects within the avail-
able length of wall segments. The selection of those two images was
based on the previously established Salience Rating (Section 13.6): ‘G’
and ‘H’ were two objects which obtained Salience Rating closest to the
mean of the entire dataset. Removing them created higher variation
in the perceived salience of the used image set. This was desired
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Figure 17.2.: Experimental set-up in Condition 1.

Figure 17.3.: Experimental set-up in Condition 2.
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Figure 17.4.: Experimental set-up in Condition 1, a view on a single
picture.

due to the placement of a large number of pictures on only two con-
tinuous wall surfaces. Under these spatial conditions there was a
risk of cancelling out any potential influence of perceived salience if
multiple highly salient pictures are placed next to each other. For
this reason, random hanging sequences unique for each participant
(similarly to Experiment 1) were created with the additional rule of in-
terchangeability between highly- and lowly- salient pictures. Salience
Rating median value was used to differentiate between highly- and
lowly- salient pictures and each random hanging sequence contained
no two artworks from the same group on the adjacent locations. For
half of participants sequences started with a highly salient picture at
location y01, and for another half with a lowly salient one.

Similarly to Experiment 1, no labels or textual information about
the artworks were provided. Additionally, the experimental space
contained a one-way mirror built into the wall in front of locations
y01 and y02 which is typically used for conducting unobtrusive obser-
vations of the experimental procedure from the adjacent room. This
room was not used during the Experiment 2.

Due to a non-uniform nature of the lighting conditions, the number
of LUX units were measured for each location, separately in both
experimental conditions. The measurements were performed with
an analogue lighting sensor, from the centre of each picture, twice for
each case (and the mean of those two measurements was taken).
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17.3 eye-tracking recordings

‘Tobii Glasses 1’ eye-tracker was used in the experiment. The calibra-
tion was successful (and recorded above 60% of valid fixations) for 29

participants, whose recordings were extracted and coded according
to the procedure described in Appendix A.1. The coding procedure
considered instances of each picture dwell, as well as joint dwells on
walls, floors and the ceiling. Additionally to Experiment 1, the dwells
falling on the one-way mirror were also coded in order to control for
the level of potential distraction introduced by this object. Any fix-
ations on the artwork’s reflection in the mirror were however coded
equally to a dwell occurring on the artwork.

Those participants whose eye-tracking data could not be used were
unaware of the equipment failure and therefore still performed all
tasks in the same context as all other participants. For this reason,
the data obtained from their memory tests was used in all analyses
where it did not require matching with eye-tracking data.

17.4 recognition memory test (reaction times)

The Recognition Memory Test was presented via OpenSesame soft-
ware (Mathôt et al., 2012) on a 13” laptop with two keys (‘A’ and
‘L’) labeled ‘YES’ and ‘NO’ by black-and-white printed stickers. The
entire task was identical to the one used in Experiment 1, with the ex-
ception that pictures ‘G’ and ‘H’ were not included, and therefore the
task consisted of 3 training stimuli, followed by a randomly ordered
projection of 12 correct artworks and 12 new objects.

17.5 spatial memory test (miniature task)

The Miniature Task was similar to the one used in Experiment 1, but
in order to record not only the final result, but also the sequencing
of the answers, it was prepared on a computer and presented on
the same laptop used for the Recognition Memory Test. An empty
Apple Keynote slide was displayed in the fullscreen mode, without
any toolbars visible. The layout of the gallery was displayed as a
non-clickable, non-movable slide background. The layout contained
the locations of all walls and of the entrance (in black), as well as the
locations of all pictures (in red). Picture Miniatures were randomly
scattered outside the layout, in equal numbers above and below it.
Figure 17.5 presents a sample starting set up of the task, and Fig-
ure 17.6 its sample solution.

The Miniatures were manipulated by ‘drag and drop’ actions per-
formed with a mouse. Participants were instructed to take as much
time as they need to complete the task, but it was suggested that they
place all pictures on their presumed location (Appendix D.4). The en-
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Figure 17.5.: Sample set-up at the beginning of the computerised
Miniature Task.

Figure 17.6.: Sample solution of the computerised Miniature Task.
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tire solution was recorded with Mac OS X native screencast function
and a screen shot of the final solution was taken for the purpose of a
back-up.

All participants produced valid solution. If ambiguities in mini-
ature placement were present, the researcher asked to specify which
exact wall location the participant considers correct and to adjust the
position of the miniature.

17.6 revised hypotheses (e)

Experiment 2 differentiated the Co-Visibility of pictures across two
separate experimental conditions, while keeping other influential spa-
tial factors identical (either within- or across conditions). It therefore
constituted a research setting well suited to test for hypotheses refer-
ring to the influence of Co-Visibility. Asterisks indicate key contribu-
tions proposed by this work.

• (E1*): Considering the findings of exploratory Experiment 1,
the quantity of visual attention deployed to individual pictures
was expected to remain similar across the conditions, as Poten-
tial Co-Visibility had no significant effect on Number of Dwells or
Total Dwell Times in Exp. 1. However, the dynamics of visitor
oculomotor behaviour is expected to differ, resulting in ‘spotty-
focused’ attention under the high co-visibility of Condition 2.

• (E2): Simultaneously, there were factors which were expected
not to vary significantly across the conditions. Time Spent Inside
was strongly affecting the quantity of oculomotor behaviour in
Experiment 1, and so it was expected to equally strongly affect
the results in both conditions of Experiment 2.

• (E3): It remains to be seen whether the impact of individual pic-
tures and their Salience Rating, which has not been observed in
Experiment 1, rises under more radical differences in hanging
arrangement. The current study excluded two stimuli which
had their Salience Rating closest to the mean value of the en-
tire set. As mentioned previously, hanging sequences were also
modified to interchangeably display highly and lowly salient
paintings. It is expected, that under lower spatial variability
within conditions, these circumstances will facilitate higher im-
pact of visual salience, and result in significant random effects
of individual pictures and a significant fixed effect of Salience
Rating. The effect should be particularly visible in Condition 1,
which facilitates isolated viewing of individual artworks. In Ex-
periment 1, ‘completely’ isolated and highly salient artworks
attracted larger proportion of long dwells. It might be expected
that the dynamics of the oculomotor behaviour in Condition 1
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of the current study will therefore also be linked to the Salience
Rating of individual artworks.

• (E4*): The importance of VCA in guiding visitors’ eye move-
ment as well as a significant cross-conditional difference in Re-
cognition Memory performance in Experiment 1 (where VCAs
were the major factor differing the conditions) suggests that
VCA might indeed formally describe a more comfortable condi-
tions for processing artworks. In the current study, where VCAs
were kept nearly identical, it is thus expected that Recognition
Memory performance will not differ between the conditions.

It is important to note that Condition 2, despite keeping VCAs sim-
ilar to Cond. 1, also provided more diverse opportunities for viewing
pictures from multiple angles and distances. This difference can be
described by a larger isovist area, which did not significantly improve
fits of the models explaining the results of Experiment 1, but remains
a factor not to be ignored in Experiment 2. The interpretation sug-
gested to explain the influence of VCA in Experiment 1 was that it
guided participant’s visual choice, possibly indicating importance of
the given spatial location. This assumption cannot be tested in the
current study, which contains little variation across separate locations
within the conditions and thus is most likely to result in two different
strategies of exploration very similar within each condition.

Higher Potential Co-Visibility of some locations in Experiment 1 was
linked with ‘spotty-focused’ dynamics of visual attention, decreasing
the proportion of long dwells and increasing Picture-Switching ratio.
This effect, already considered by Hypotheses (B5) and (B6), is expec-
ted to prevail across both conditions of Experiment 2.

228



18

D ATA A N A LY S I S

18.1 cross-condition differences

Following the findings from Experiment 1, the spatial conditions were
prepared in order to provide a differentiation in Potential Co-Visibility
while keeping the Visibility Catchment Areas as similar as possible
across the conditions. Due to the length of the available wall seg-
ments, preparing Condition 1 with unrestricted 60

�VCAs was not
possible. The segments created between VCAs restrict them to 46

�.
Thus, the areas of comfortable viewing were identical across condi-
tions up to 46

�only. Figure 18.1 presents these relations visually. As
the distance between each picture’s surface and the external wall of
the gallery is identical in all cases, the size of so defined VCAs is
also equal (both within and across conditions). Despite a narrower
angle range compared to the original suggestion Stavroulaki and Pe-
ponis (2003), the uniformity of 46

�VCAs was expected to create sim-
ilar conditions for ‘comfortable’ processing of pictures. Therefore no
significant difference between Recognition Memory performance was
predicted between the two experimental conditions.

The presence of the additional wall partitions in Condition 1 lim-
ited co-visibility so that there was no location in the entire space from
which more than 2 pictures can be viewed at the same time. In fact,

Figure 18.1.: Comparison of VCAs across the conditions (blue - VCA
as defined in Exp. 1; red - VCA restricted in Cond. 1 of
Exp. 2).
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Figure 18.2.: Total area making it possible to engage with at least one
object.

the majority of the entire gallery area allows its visitor to view only
a single picture at a time, with the only exception being the ‘trans-
ition zone’ between two separate segments. The potential co-visibility
parameter in this layout is equal to 1 for each picture. In can be
therefore suggested that Condition 1 was ‘optimised’ for viewing pic-
tures individually. On the contrary, a visitor exploring the gallery in
Condition 2 is permanently exposed to multiple visual stimuli - the
majority of the gallery area provides visual access to 6 pictures at a
time. In this layout, the potential co-visibility measure is equal to 6 for
each picture. If the impact of potential co-visibility comes indeed from
facilitating less-focused, more distracted viewing, than the difference
between those two experimental conditions exemplify this spatial as-
pect.

Additionally to potential co-visibility and VCAs, the variability of
possible viewing angles and distances for each visitor-artwork inter-
action was either highly restricted (Condition 1), or broad and flexible
(Condition 2). This is a factor which can be formally described by the
average size of pictures’ isovist areas. These differed substantially
(Cond. 1: M = 350, SD = 57; Cond. 2: M = 2636, SD = 153

1). Thus,
while in Condition 1 almost all visual engagements with any artwork
had to occur within its VCAs (i.e. in a narrowly defined range of
angles and distances), the variability of any potential visual engage-
ment in Condition 2 was much broader.

Moreover, the isovist coverage area, or the proportion of the total
gallery space making it possible to engage with at least a single art-
work was higher in Condition 2 (98%) than in Condition 1 (67%; see
Figure 18.2).

The last two spatial factors (mean isovist size and isovist coverage
area) contribute to the ‘quantitative’ aspect of the visual experience.
Through them, two situation were created where participants were
able to potentially engage with artworks for different proportions of

1 Arbitrary Depthmap units.
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time. In Condition 1, the gallery’s floor area is used ‘less efficiently’,
leaving out ‘blank spots’ of unused space. In consequence, Condi-
tion 2 provided higher ‘quantity’ of the afforded visual engagement,
while Condition 1 provided its lower ‘quantity’ but presumably a
higher ‘quality’. The aim of Experiment 2 is to investigate whether
the ‘quality’ outweighs the ‘quantity’.

18.2 within-condition differences : space syntax and iso-
vist analysis

Within-condition variability of spatio-visual measures was minimised
as all locations within each condition had similar spatio-visual prop-
erties. For this reason, a detailed isovist analysis was not required.
The only inconsistency existed in the isovist size of the edge location
‘y12’ in Condition 1. This however was unlikely to create a significant
distinction, as observations of the eye-tracking recordings revealed
that the room corner to which this isovist area stretched out typically
remained unexplored by the visitors. Small differences in isovist area
sizes of the bottom wall surface in Condition 2 must also me noted,
as the subsequent locations were located at decreasing angular po-
sitioning to the gallery entrance area. The presence of eye-tracking
recordings made it possible however to control for the sequence of
visual engagement with individual pictures, which was more critical
in a situation when the entrance area remained unexplored during
periods other than the entrance and exit phases.

18.3 eye-tracking measures

Eye-tracking measures described in Section 8.2 were obtained from
the coding logs, using a custom-built R script. Similarly to the res-
ults of both memory tests, oculomotor variables were associated with
individual pictures and with individual locations.

The recordings were also used to calculate total Time Spent Inside
the gallery by each participant (from the moment of the first dwell oc-
curring inside the gallery to the moment of opening the exit door).
Time spent inside the gallery was also manually tracked by the re-
searcher in order to estimate it for those participants, whose eye-
tracking recordings could not be analysed due to technical reasons.

18.4 recognition memory test (reaction times)

For Reaction Time data analysis, only the correct ‘yes’ answers were
taken into consideration (86% of the whole dataset). However, the
accuracy was also recorded and will be referred to as RT accuracy.
Observations lying below 250 ms or further than two standard devi-
ations from the mean of the whole dataset were removed (Ratcliff,
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1993; Whelan, 2008), leaving 80% of all responses valid (i.e. correct
and within two Standard Deviations).

18.5 spatial memory test (miniature task): string match-
ing analysis

When participants’ Miniature Task performance is considered, Bidi-
mensional Regression would not be a suitable tool for analysing this
experiment’s results. This is due to multiple pictures being located
exactly on the opposite side of the same wall which is a problem-
atic situation for this method (see Section 10.1). Also Back-to-the-Wall
score is unreliable in the current situation - it would not provide the
sufficient differentiation between the scores, as all 12 pictures were
allocated on one of two wall surfaces and the chance of correctly pla-
cing any of them by luck would equal to 50%.

For this reason, String Matching algorithm previously described
in Section 8.3 was used to score Miniature Task results. Custom-
designed ‘Adrien-Kuba Distance’ makes it possible to assign weights
for each action type. For the purpose of this analysis, the cost of a
single swap was set at 0.2, and the cost of a substitution at 1.0. All
participants made use of the red line cues as place-holders for mini-
atures, therefore all solutions had string lengths equal to the correct
reference strings and no insertion or deletion actions were required. In
result, each Miniature Task solution can be coded as a set of two inde-
pendent strings, each corresponding to one of the two wall surfaces
(upper or lower side on the layout), and averaged to obtain the final
score named Mean Adrien-Kuba Distance. Under this operationalisa-
tion, a potential mistake of substituting two pictures lying on two
furthest ends of the same wall surface (i.e. mistaking picture located
at y01 for that from y06 and vice versa) requires 9 swaps at the cost
of 0.2 to rectify. The resulting score of 1.8 (assuming all other pic-
ture locations being solved correctly) after averaging between 2 wall
surfaces equals to 0.9. This result is still lower than the score which
would be obtained from the simplest error made across wall surfaces
(as this would require 2 separate substitutions for each wall, divided
by 2 walls, giving the score of 1.0). Therefore, under these weights,
the biggest error possible within a single wall surface is punished
lower than making any error across the wall surfaces.

This operationalisation reflects hierarchical organisation of spatial
memory with a vista space serving as a basic unit of distinction (see
Section 3.2.2). However, while this might seem plausible in Condi-
tion 2, it is not certain that participants in Condition 1 used two sides
of the wall to differentiate between distinct units of space. As there
was no single point in space of Condition 1, from which the visitor
would be able to comprehend the entire wall surface (but only 1 or
2 VCAs at a time), artworks might have been remembered as a list
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of objects, based on the sequence of encounters with their discrete
subspaces. In such a case, there would be no reason to suggest any
difference between a mistake made on a pair of pictures located at one
side of the wall (e.g. y05-y06), and one made across two wall surfaces
(e.g. y06-y07). To control for such a situation, a variable reflecting
this fact was also calculated. Adrien-Kuba Distance algorithm was
modified to allow single swaps between first and last character of the
string, and Wrapped Adrien-Kuba Distance was created with the input
provided as a continuous string of characters representing pictures
from location y01 to y12. In Wrapped Adrien-Kuba Distance the use of
substitutions is not theoretically justified, therefore only swaps were
used. The biggest possible error in this variation would be repres-
ented by the misplacement of two pictures originally located on the
furthest positions within the string (and not within a single wall), e.g.
on locations y01 and y07. Correcting this error, assuming all other
placements being accurate, would require 10 swaps. To make such
an error the reference point for further interpretation, the weight of
0.1 was assigned to a single swap action, which would result in the
value of 1.0 associated with the biggest single error possible. Other
weights were set at 1.0 in the algorithm, so that it would always be
more justifiable to perform swaps than substitutions.

However, it had to be decided which measure—Mean Adrien-Kuba
Distance, or its Wrapped version—is more appropriate for the purpose
of this analysis. Therefore it had to be established whether parti-
cipants in both conditions encoded the content of the gallery in a
hierarchical memory structure. This would result in each edge of the
wall surface constituting a ‘barrier’ to their memory more significant
than any single VCA partition in Condition 1. To control for such
possibility, total number of errors irrespective of their string distance
to the correct location was extracted from the Adrien-Kuba Distance
script. The errors were classified based on whether they were per-
formed within the correct wall surface, or across it. The number of
errors for each wall was summarised per person. As a result, two
new variables were created describing sum of errors across the wall and
sum of errors within the wall made by each participant. The variables
were then divided by each other to create across-to-within error ratio.
If a given participant conducted equal number of errors across the
wall and within the wall, the ratio would be equal to 1. This would
reflect a situation where all incorrect answers were placed randomly
on the layout (there was equal number of possible locations on upper
and lower side of the wall, therefore the random chance of making
an across-wall error was equal to that of making a within-wall error).
Ratio lower than 1 would indicate that a participant conducted more
within-wall errors, i.e. possibly remembered the correct side of the
wall even if could not identify the exact location of the picture. Ratio
higher than 1 would indicate that the participant has committed more
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across-wall errors - an unlikely situation, unless he or she wrongly
mapped the spatial memories from the gallery to its representation
on the Miniature Task.

If the two wall surfaces were indeed used as distinct units for stor-
ing spatial memories of its content, it can be expected that the pro-
portion of errors made across the wall surfaces to those made within
wall surfaces will be significantly lower than 1.0. This was indeed
true both in Condition 1 (M = .46, SD = .34; One Sample t-test agains
the value of 1.0: t(16) = —6.7, p < .001) and in Condition 2 (M = .5,
SD = .52; Wilcoxon signed test agains 1.0: V = 26, p < .001) and
the difference between the conditions was non-significant (W = 206.5,
p = .957). This proves that Miniature Task participants were influ-
enced by the presence of two wall surfaces in a similar way in both
conditions and that Mean Adrien-Kuba Distance is a more appropriate
measurement of their performance, equally adequate in both experi-
mental conditions.

18.6 miniature task sequence analysis

One common criticism of sketch map-type exercises is that their cor-
rect solution does not necessarily require the participants to construct
an allocentric reference frame of the explored environment. Simply
remembering the sequence of one’s own movement and the objects
encountered on the way (known as the ‘route map’) could serve to
produce a sketch map. If this was true, Miniature Task would not be a
reliable measure of Spatial Memory. This can be particularly the case
in both experimental conditions arranged in Experiment 2, where the
shape of the galleries encouraged their circular exploration. For this
reason, ‘route maps’ potentially constructed by the visitors would be
based on almost identical sequences of viewed artwork locations.

To account for such a possibility, screen recordings of participants’
‘drag and drop’ actions (performed while they were solving the Mini-
ature Task) were coded into a spreadsheet. Each time a miniature was
moved to one of the picture locations (indicated by thick red lines on
the miniature layout), the order of this movement was recorded. All
movement to unmarked positions was ignored. Each time a miniature
was moved from an already taken position to a new one, its order in
the sequence was changed to the last. For example, if a sample par-
ticipant moved 4 pictures in the order [C,F,M,D] and then changed
the decision and moved picture ‘F’ to a new location, the modified se-
quence was coded as [C,M,D,F]. This procedure of sequence coding
also assumes the level of certainty with which each decision is being
made - a modification of the already made choice is treated as a sign
of lower level of certainty. The same coding scheme was used for
all participants, even when inferring the actual level of certainty was
more problematic (e.g. when participants moved a group of pictures
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into an empty space to reorganise them; in which case the coding
procedure would ignore all movement until pictures were placed to
one of the marked locations).

This data was then correlated with ET sequence variable to test
whether there was a consistent relation between the order of looking
at an artwork and the order of moving the artwork in the Miniature
Task. The presence of such a relation would indicate that participants
provided answers to the Miniature Task according to the ‘route map’
built during the gallery exploration. In such a case, the sequence of
those answers should not be used as a reliable measure of certainty
of the Miniature Task answers.

As both variables of interest were on a rank-order scale, Spear-
man’s rho statistic was used. The analysis showed that there was no
monotonic relation between ET sequence and Miniature Task sequence
in either of the experimental conditions (Cond. 1: r = 0.09 , p=.350;
Cond. 2: r = —0.02 , p=.782). However, a closer examination of sep-
arate frequencies revealed that there was some consistency in the or-
der of filling the Miniature Task which followed the organisation of
the space. Across the conditions, location y01 was solved as first
in the Miniature Task in 24 cases (out of 41 participants for whom
Miniature Task video recordings were available). Location y02 was
filled as second in 10 cases, and location y03 as third in 11 cases. For
over half participants, location lying the closest to the entrance was
where they started to solve the Miniature Task. For about a quarter
of visitors, the same was true for second and third location along the
gallery wall. Figure 18.3 presents this relation visually. It indicates,
that Miniature Task order extracted from screencast recordings can
be potentially used as a measure of certainty.

Moreover, as pictures were scattered above and below the layout,
there existed a risk that the default locations of the miniatures will
be associated with the side of the wall they should belong to. The
screencast recordings were analysed for the occurrence of an event in
which participant ‘drag and dropped’ at least a single picture across
the wall, relative to its default location. All participants analysed in
the study have performed at least one such action, confirming that
they did not associate the default miniature location with the correct
side of the wall.
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Figure 18.3.: Order of selection in the Miniature Task depending on
the location. The size of each dot indicates how often
a given location was filled in the Miniature Task in the
particular order. It is visible, that locations y01, y02, and
y03 were often solved in the same order (as first, second,
and third respectively). The pattern was less consistent
for other combinations. If all locations were solved in
a linear order following their spatial order, larger dots
would form a distinctive diagonal line across the graph.
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R E S U LT S

19.1 time spent inside

Participants spent M = 513 seconds (or about 8.5 minutes) inside the
gallery (Cond. 1 M = 537.02 sec., SD = 216.65; Cond. 2: M = 495.98,
SD = 453.35; W = 270, p=.083). Similarly to Experiment 1, the dis-
tribution of visit lengths shows a steep decrease at a specific point
(around 10 minutes), which is below the imposed time limit. This in-
dicates, that to the majority of participants, this period was sufficient
to explore the gallery (Figure 19.1).

19.2 visual attention

All participants fixated at least once on every picture. They per-
formed 80.17 dwells on average during a single visit and the pro-
portion of the total time inside spent looking at pictures (or average
Engagement Ratio) was 0.84. It was significantly lower in Condition 1

(M = .78, SD = .1) than in Condition 2 (M = .87, SD = .06; t(27) = 2.97,
p = .006) indicating that participants in Cond. 1 spent, on average, 9%
less of their time inside the gallery fixating on pictures. This is par-
tially due to the entrance area of the gallery not allowing visitors to
engage with any picture instantly, which resulted in higher average
Time to First Fixation in Condition 1 (M = 6.88 sec., SD = 1.45) than
in Condition 2 (M = 2.31, SD = 1.63; W = 182, p<.001). Additionally,
as mentioned previously, the percentage of all floor surface area al-
lowing the visitors to engage with at least one picture was higher in
Cond. 1 (98%), than in Cond. 2 (67%; Figure 18.2, p. 230).

However, Total Dwell Times summarised in seconds were very sim-
ilar across the conditions (Cond. 1: M = 407 sec., SD = 229.91; Cond. 2:
M = 409.16., SD = 309.4; W = 102, p = .77). Consistently with the res-
ult presented in Section 19.1, this shows that visitors in Condition 1

had to stay inside for longer, but still looked at pictures for the same
amount of time. In line with Hypothesis (A2), average Total Dwell
Time per picture was close to half a minute and did not differ across
conditions (Cond. 1: M = 33.92., SD = 23.03; Cond. 2: M = 34.1.,
SD = 27.4; W = 14434.5, p = .398) nor was it different from the mean
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Figure 19.1.: Distribution of time spent inside the gallery by the ex-
periment participants.

value obtained in Experiment 1 with a similar set of stimuli (Wilcoxon
signed rank test against 31.71 V = 27328, p = .106).

Each picture was a subject of M = 5.92 dwells during a single gal-
lery visit. Mean Long-to-Short Dwell Ratio was 0.46, meaning that an
average participant performed about as many short dwells (i.e. dwells
lasting less than 2 sec.) as long dwells (>2 sec.). As indicated by Picture-
Switching metric equal to 0.35, about one third of all dwells were
followed by an immediate fixation on another picture (although the
means largely differed for Cond. 1 M = .04, and for Cond. 2 M = .51).

Mean dwell length was 5.09 sec. and the cumulative distribution
of dwell lengths was heavy-tailed (in accordance to Hypothesis A1),
although it differed across the conditions, indicating the presence of
much larger proportion of longer dwells in Condition 1 (Figure 19.2;
this effect will be investigated further below). The longest single
dwell on a separate picture lasted for 131.35 seconds.

Engagement Ratio was 0.84, meaning that 84% of all dwell lengths
inside the galleries (78% in Cond. 1 and 87% in Cond. 2) were de-
ployed onto pictures which in total occupied only 2.9% of the entire
wall length in Condition 1 and 4.9% in Condition 2

1. Isovist area size
value was used similarly to Experiment 1 to obtain expected Engage-
ment Ratio proportions based on visibility and length of each object
alone. In Cond. 1, Isovist area of picture location grid cells constituted
1.38% of the summed Isovist area of all grid cells adjacent to any vis-

1 Unlike in Experiment 1, total wall length differed across the conditions.

238



19.2 visual attention

Figure 19.2.: Distribution of dwell lengths in Experiment 2 (cropped
to 25 seconds).

ible wall surfaces2, and in Cond. 2 it constituted 6.27%. Chi-Squared
Goodness-of-Fit test was again used to compare the expected pro-
portions to those which were actually observed. The observed pro-
portions were significantly different from the expected ones, both in
Condition 1 (c2(1) = 42.51, p<.001) and in Condition 2 (c2(1)=11.01,
p<.001).

Hypothesis (A4) was tested based on the analysis of viewing se-
quence similarity as described previously in Section 8.3. Personal MNLD
values were compared across the conditions. The difference was sig-
nificant (W = 34, p = 0.005), indicating that viewing sequences in Con-
dition 1 were more similar to each other than those in Cond. 2.

In order to assess how much variability in visitors’ oculomotor be-
haviour was due to spatial aspects, and how much due to by-picture,
or by-participant random effect, linear mixed-effect models were once
again used for the statistical analysis. Compared to Experiment 1,
individual spatial aspects such as VCA, or Co-Visibility were not in-
cluded in the model, as these variables varied very little by-location
within conditions. That is to say, spatial properties of individual loc-
ations belonging to the same condition were very similar. Their Co-
Visibility and Isovist Areas were identical within- but very different
across-conditions. The presence of a significant random by-location
effect (after accounting for the fixed effect of experimental condition)
would suggest that other spatial factors (e.g. being located at one
of the wall edges) should be considered to explain variability in par-
ticipants’ eye movement. Compared to Experiment 1, physical co-
ordinates of picture locations remained unchanged (it were the walls
surrounding them that varied across experimental conditions). There-

2 Note that these values take into account the width of each picture, as the calculations
were based on the values of 3 grid cells for each artwork, corresponding to its real
width in the used scale.
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fore, locations from Condition 1 and from Condition 2 were both de-
scribed in the data with the same identifiers (y01-y12). This made the
models ‘aware’ that there is some degree of commonality expected for
the same locations across the conditions3. However, because the influ-
ence of experimental condition was expected to be predominant even
in the effect individual locations might have on visual attention, the
random effect of location was entered to the models as random slope
and random intercept effect (similarly to the expected but not con-
firmed effect of separate pictures in Experiment 1; see Section 15.2).
That is to say, the model ‘expected’ that if any location is somewhat
unique in the way it affects the visitors, this ‘uniqueness’ might have
a stronger impact—and a different direction—in one condition than
another4.

Similarly to Experiment 1, Number of Dwells and Total Dwell Time
were modelled as two key variables describing the quantitative aspect
of the visitors’ eye movement. To predict Number of Dwells falling on
each picture, the following model was constructed:

log(No. of Dwells) ⇠ cond*Time Spent Inside +
cond*Salience Rating +
View. Sequence + age + gender +
(1|ids) + (1+ cond|loc) + (1|pic)
Model 19.1: Logarithm of Number of Dwells (preliminary formula)

Experimental condition, as well as its interaction effect were pre-
dicted to bear the strongest influence on the Number of Dwells. Consid-
ering the findings from Experiment 1, Time Spent Inside was expected
to be the second most important predictor.

The formula above was subject to the step function from lmerTest
R package (Kuznetsova et al., 2014)5. Logarithmic (+1) transform-
ation of Number of Dwells for visitor-artwork interactions was best
predicted by the model described by the following formula:

log(No. of Dwells) ⇠ cond + Time Spent Inside +
View. Sequence + age + (1 | ids) + (1 | loc) +
cond*Time Spent Inside

Model 19.2: Logarithm of Number of Dwells

Normality and homoscedasticity of residuals of the final model
were not violated. Kappa score was 5.2, Marginal R2 was 0.55 and

3 No matter which condition participant explored the gallery in, location y01 was
always on the left edge of the wall, location y03 was always in the centre of the
sequence, and so forth.

4 For instance, it could be imagined that location y01 will differ from the rest, as it is
likely to be explored as first, but in Condition 1 this effect might be smaller - due
to the additional wall partitions the artwork cannot be seen immediately from the
entrance area.

5 Please consider notes in Section 15.2 regarding the detailed procedure used through-
out the modelling process and the limited deterministic role of stepwise model se-
lection procedure.
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Figure 19.3.: Visualisation of the effects for Model 19.2.

Conditional R2 was 0.86. Table 19.1 describes the model in detail and
Figure 19.3 visualises the effects.

Total Number of Dwells was best predicted by the model:

log(Total Dwell Time) ⇠ Time Spent Inside +
(1|ids) + (1+ cond|loc) + (1|pic)

Model 19.3: Logarithm of Total Dwell Time

meaning that the presence of wall partitions did not affect Total
Dwell Time, except the fact that the size of the effect (slope) was dif-
ferent for individual locations across conditions. Kappa score was 1,
Marginal R2 was 0.70 and Conditional R2 was 0.82. Normality and
homoscedasticity assumptions were not violated.

Just like in Experiment 2, Picture-Switching and Long-to-Short Dwell
Ratio were selected as key variables describing the dynamics of eye
movement.

Picture-Switching ratio could not be reliably explained with a lin-
ear mixed-effect model, as a large proportion of data points within
Condition 1 (84%) was equal to 0. In this case, unsurprisingly, mean
Picture-Switching ratio significantly differed between the conditions
(W = 2185, p<.001).
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Model 19.2
(Intercept) 1.49 (0.14)⇤⇤⇤

cond2 0.84 (0.17)⇤⇤⇤

Time Spent Inside 0.04 (0.18)
View. Sequence �0.03 (0.01)⇤⇤⇤

age 0.23 (0.09)⇤⇤

cond2:Time Spent Inside 0.54 (0.21)⇤

AIC 235.83

BIC 270.18

Log Likelihood -108.92

Num. obs. 336

Num. groups: ids 28

Num. groups: loc 12

Variance: ids.(Intercept) 0.17

Variance: loc.(Intercept) 0.01

Variance: Residual 0.08

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.1.: Model 19.2.

The following Model 19.4 best predicted Long-to-Short Dwell ratio:

Long -Short Dwell Ratio ⇠ cond + View. Sequence +
(1|ids) + (1|loc)

Model 19.4: Long-to-Short Dwell Ratio

with Kappa score reaching 4.6, Marginal R2 equal to 0.26 and Con-
ditional R2 reaching 0.55. Participants in Condition 2 had lower Long-
to-Short Dwell Ratio, meaning the percentage of long dwells in their
average interaction with an artwork was smaller. Table 19.2 presents
the statistical summary.

Informal observations of the eye-tracking videos suggested that
while the one-way mirror (typically used for experiment observation)
located near the gallery entrance brought little attention from most
of the visitors, observing one’s own reflection with the eye-tracking
device seemed engaging to some. In order to control whether this
fact had an influence on any other aspects of participants’ oculomo-
tor behaviour, visitors from both conditions were split into separate
subgroups based on the median total time of dwells spent on the mir-
ror. All aforementioned analyses were repeated to control whether
participants who looked at the mirror for longer differed from those
who looked at the mirror for less time. Adding median-split factor of
time spent glimpsing at the mirror did not significantly improve the fit
of any of the above models, suggesting that the potentially distract-
ive presence of the mirror had no meaningful effect on participants’
oculomotor behaviour.
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Model 19.4
(Intercept) 0.63 (0.06)⇤⇤⇤

cond2 �0.30 (0.06)⇤⇤⇤

View. Sequence 0.01 (0.00)⇤⇤

AIC -51.25

BIC -28.13

Log Likelihood 31.62

Num. obs. 348

Num. groups: ids 29

Num. groups: loc 12

Variance: ids.(Intercept) 0.02

Variance: loc.(Intercept) 0.00

Variance: Residual 0.04

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.2.: Model 19.4.

Adding lighting conditions as a predictor (described by the num-
ber of LUX registered at each location) did not significantly improve
the fit of any of the models, even though locations in Condition 2

were slightly better lit on average, due to the lack of additional walls
casting shadows (Cond. 1: M = 1171 lx, SD = 644; Cond. 2: M = 1408

lx, SD = 571).

The explanation of significant random by-location effect was at-
tempted by classifying locations as ‘edge’ (y01, y06, y07, y12) and
‘non-edge’ (all others) locations. The assumption being that such
artworks were likely to become first or last points of engagement
in—otherwise linear and symmetric—viewing sequences. Including
this factor did not significantly improve the fit of any of the models,
demonstrating that some other spatial factors played a role in signific-
ant by-location variability of eye movement. However, the analysis of
the by-location boxplot visualisations of all dependent variables for
which random by-location effect significantly improved the fit of the
model, could not bring any clear conclusions. The only exception is
a noticeable distinction of the locations y01-y03 in Condition 1 and
location y12 in Cond. 2.

Hypothesis (B7) assumed that longer, more diligent visual inter-
actions with artworks will be equally dependent on space as the
shorter ones. Similarly to Experiment 1, the possibility of testing
this statement reliably in the set-up of Experiment 2 was limited. Ad-
ditionally to technological limitations mentioned previously, the spa-
tial by-location variability within-condition of Exp. 2 was minimised
and the across-condition variability had a strong impact on all as-
pects of oculomotor behaviour. However, the average number of long
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dwells per picture was not significantly different across the conditions
(W = 12698.5, p=.248).

19.3 recognition memory

Similarly to Experiment 1, the first part of the Recognition Memory
analysis considered all responses to the Recognition Task (without the
Eye-Tracking data and even for those participants, for whom ET data
was not available). The following linear mixed-effect model was pro-
posed to predict inverted, standardised and mean-centred Reaction
Times:

RT(inv) ⇠ cond + Time Spent Inside +
Salience Rating + LUX + age + gender +
RTtrial + proceedingRT + proceedingRTacc+
(1|ids) + (1|pic) + (1+ cond|loc)

Model 19.5: Recognition Times (inverted)

This model, with Kappa score reaching 4, has achieved Conditional
R2 of 0.45. However, Marginal R2 was only 0.06 and it was driven
primarily by the statistically significant effects of RT trial and proceed-
ing RT, as it is visible in Table 19.3.

Similarly to the equivalent analysis in Experiment 1, the by-participant
random effect was the strongest factor affecting high Conditional R2.
This, once again, presented a risk that the differences between indi-
vidual participants in their Recognition Memory performance are so
large that they ‘steal’ explained variance from relatively strong but
still insignificant fixed effects (compare t values in the table for age,
time spent inside and condition). To test this assumption, a clustered
t-test was conducted (similarly to Experiment 1) but its result was
far from reaching significance (p=.583) 6. Visual analysis of boxplots
confirmed, that this was true both for the group which explored the
gallery quickly and the one which spent longer (i.e. longer then me-
dian) time inside (Figure 19.4).

An analogous logit mixed-effect model was constructed for RT ac-
curacy measure in the following form:

RT Accuracy ⇠ cond + Time Spent Inside +
Salience Rating + LUX + age + gender +
(1|ids) + (1|pic)

Model 19.6: Recognition Test Accuracy

Its Marginal R2 was 0.05 and Conditional R2
0.17, meaning that RT

accuracy could not be well predicted using the spatial factors alone.
As visible in Table 19.4, again it was the by-participant variance which

6 Assuming that the true population effect size of VCA on Reaction Times is ‘large’
and equals to d = 0.8, the statistical power of this test was b = 0.69. See Section 26.6
for the discussion of why the true population effect might be even larger.
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Model 19.5
(Intercept) 0.05 (0.23)
condwithout �0.20 (0.23)
Time Spent Inside 0.10 (0.11)
Salience Rating 0.05 (0.08)
LUX 0.06 (0.05)
age �0.10 (0.11)
gender-male 0.06 (0.23)
RTtrial �0.08 (0.04)⇤

proceedingRT �0.24 (0.07)⇤⇤⇤

proceedingRTacc-TRUE �0.09 (0.11)
AIC 1000.00

BIC 1062.74

Log Likelihood -484.00

Num. obs. 373

Num. groups: ids 39

Num. groups: pic 12

Num. groups: loc 12

Variance: ids.(Intercept) 0.36

Variance: pic.(Intercept) 0.05

Variance: loc.(Intercept) 0.01

Variance: loc.condwithout 0.00

Variance: Residual 0.58

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.3.: Model 19.5.

Figure 19.4.: Recognition Memory performance across the conditions,
with distinction between participants staying inside for
longer and shorter.
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Model 19.6
(Intercept) 2.03 (0.35)⇤⇤⇤

cond.2 �0.02 (0.37)
Time Spent Inside 0.41 (0.25)
Salience Rating 0.03 (0.17)
LUX �0.20 (0.14)
age �0.10 (0.17)
gender-male 0.02 (0.36)
AIC 391.10

BIC 428.43

Log Likelihood -186.55

Num. obs. 468

Num. groups: ids 39

Num. groups: pic 12

Variance: ids.(Intercept) 0.33

Variance: pic.(Intercept) 0.13

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.4.: Model 19.6.

resulted in the largest differences in the dataset, although even this
did not contribute to a higher than ‘medium’ effect size of Conditional
R2. This can suggest that there was generally little consistency in the
accuracy of participants’ Recognition Memory within the controlled
factors. It is important to note, however, that in this simplified spatial
setting—and in the presence of slightly smaller number of pictures
(12 instead of 14)—the ratio of correct RT responses was generally
higher compared to Experiment 1 (86% in Exp. 2 vs. 78% in Exp. 1).
In this case, RT accuracy is not a reliable measure for investigating
effects others than the very strong inhibiting ones.

To account for the available Eye Movement data, the above analyses
were repeated for the subset of participants for whom eye-tracking re-
cordings were available. Note that in this study, Total Dwell Time and
Number of Dwells correlated only to a moderate extent (r = 0.34), and
therefore there was no reason to de-correlate the variables by trans-
forming them into the Quantity of ET measure. The reason for the lack
of strong correlation might be the very distinctive spatial setting em-
ployed across the experiments. As it has been observed in the previ-
ous section, especially in Condition 1, the viewing patterns consisted
typically of long (but very few) dwells per picture. Compared to Ex-
periment 1, where correlation between the two measures was strong,
it seems that the lack of it is the result of this unnatural spatial situ-
ation enforced on the viewers. Moreover, Time to First Fixation vari-
able was highly correlated with ET sequence and thus was removed
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Model 19.7.
(Intercept) 0.25 (0.30)
cond.2 �0.08 (0.32)
Total Dwell Time 0.10 (0.13)
No. of Dwells 0.03 (0.11)
Picture-Switching �0.04 (0.08)
Long-Short Dwell Ratio 0.11 (0.08)
View. Sequence �0.03 (0.02)
Time Spent Inside 0.03 (0.25)
Salience Rating 0.06 (0.08)
LUX 0.12 (0.06)·

age �0.21 (0.14)
gender-male �0.15 (0.29)
RTtrial �0.12 (0.05)⇤

proceedingRT �0.21 (0.07)⇤⇤

proceedingRTacc-TRUE �0.12 (0.13)
AIC 718.52

BIC 793.29

Log Likelihood -338.26

Num. obs. 260

Num. groups: ids 28

Num. groups: pic 12

Num. groups: loc 12

Variance: ids.(Intercept) 0.40

Variance: pic.(Intercept) 0.06

Variance: loc.(Intercept) 0.00

Variance: loc.cond.2 0.01

Variance: Residual 0.54

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.5.: Model 19.7.

from the model. Also Engagement Ratio—as a measure aggregated by
participants—strongly correlated with experimental condition and was
therefore omitted.

RT(inv) ⇠ cond + Total Dwell Time + No. of Dwells+
Picture -Switching + Long -Short Dwell Ratio +
View. Sequence + Time Spent Inside + Salience Rating+
LUX + age + gender + RTtrial + proceedingRT +
proceedingRTacc + (1|ids) + (1|pic) + (1+ cond|loc)

Model 19.7: Reaction Times (inverted) with respect to Eye Movement

The model had Kappa score of 5.6, Marginal R2 of 0.11 and Condi-
tional R2 was 0.52. Table 19.5 describes it in detail.

247



results

Figure 19.5.: Variability in Recognition Memory performance depend-
ing on the sequence of seeing each artwork.

As the factor ET sequence had a relatively low t-value, it could be
expected that its potential influence on Recognition Memory is non-
linear but still relevant for further interpretation (as it was for Spa-
tial Memory in Experiment 1). Figure 19.5 presents how quickly
participants reacted to each picture depending on the place in the
sequence they saw it at. The visible difference is too small to reach
significance, especially under such large variation across participants.

Accounting for eye-tracking data for RT accuracy led to the con-
struction of the following model:

RT Accuracy ⇠ cond + Total Dwell Time + No. of Dwells+
Picture -Switching + Long -Short Dwell Ratio +
View. Sequence + Time Spent Inside +
Salience Rating + LUX + age + gender +
(1|ids) + (1|pic) + (1+ cond|loc)

Model 19.8: Recognition Test Accuracy with respect to Eye Movement

Its Marginal R2 was 0.16, and Conditional R2
0.31. Table 19.6 presents

the detailed summary.

19.4 spatial memory

Spatial Memory performance in this Experiment could only be ana-
lysed on the basis of an aggregated result for each participant, based
on a String Matching calculation technique (Section 18.5). To com-
pare the participants’ Miniature Task performance across conditions,
a t-test was used. It showed no significant difference (t(39) = 0.4,
p=.689). A visual analysis of the dataset (Figure 19.6) revealed that,
similarly to Experiment 1, the variance of Spatial Memory results in
Condition 2 was noticeably larger compared to Condition 1.
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Model 19.8
(Intercept) 2.65 (0.65)⇤⇤⇤

cond.2 �0.53 (0.66)
Total Dwell Time 1.39 (0.55)⇤

No. of Dwells 0.38 (0.42)
Picture-Switching 0.31 (0.27)
Long-Short Dwell Ratio 0.42 (0.26)
View. Sequence �0.03 (0.06)
Time Spent Inside �1.28 (0.65)·

Salience Rating 0.01 (0.20)
LUX �0.25 (0.19)
age �0.22 (0.25)
gender-male �0.23 (0.48)
AIC 299.97

BIC 364.86

Log Likelihood -132.99

Num. obs. 336

Num. groups: ids 28

Num. groups: pic 12

Num. groups: loc 12

Variance: ids.(Intercept) 0.54

Variance: pic.(Intercept) 0.15

Variance: loc.(Intercept) 0.00

Variance: loc.cond.2 0.00

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.6.: Model 19.8.

Figure 19.6.: Spatial Memory performance (the higher, the worse)
across the conditions.
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Figure 19.7.: Spatial Memory performance (the higher, the worse)
across the conditions.

In order to further explore this relation, detailed correlation pat-
terns were investigated. They showed that Spatial Memory perform-
ance was correlated with the number of long dwells (i.e. longer than
10 seconds), but only in Condition 2 (r = —0.53; p=.019). The rela-
tion, however, was not significant in Condition 1 (r = 0.14; p=.702).
Figure 19.7 presents this visually.

To perform the Miniature Task Sequence Analysis, once again lin-
ear mixed-effect model was used. Table 19.7 presents the results.

Only two predictors were significant: Total Dwell Time and Time
Spent Inside. The latter variable was included to control for the er-
ror coming from different times participants spent inside the gallery.
After correcting for this factor, Total Dwell Time was also significant,
with an estimator meaning that an increase in 1 SD on this measure
for a particular artwork resulted in this picture being located about
2.09 places earlier in the sequence of the Miniature Task solution7.
The longer participants looked at an individual picture, the more
likely they were to solve it earlier in the computerised Miniature Task.
The effect explained 11% of the variance. Moreover, the effect of RT
inverted was approaching significance. When tested on a larger part
of the dataset (excluding the eye-movement factors, and therefore in-
cluding even participants for whom ET data was unavailable), the
effect reached significance (p = .013). This indicates that there was a
direct linkage between how fast participants answered to the question
in Recognition Memory Test and how early they solved the location
of the particular artwork in the Miniature Task.

7 Note that the estimator is negative since a higher order number was associated with
a ‘worse’ performance (i.e. a more distant placement in the sequence)
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Model 1

(Intercept) 6.01 (0.77)⇤⇤⇤

cond.2 0.47 (0.73)
Total Dwell Time �2.09 (0.52)⇤⇤⇤

No. of Dwells �0.21 (0.26)
Picture-Switching 0.30 (0.30)
Long-Short Dwell Ratio 0.31 (0.27)
View. Sequence 0.09 (0.09)
Time Spent Inside 2.77 (0.66)⇤⇤⇤

Salience Rating 0.17 (0.20)
LUX �0.48 (0.42)
age 0.07 (0.24)
gender-male �0.09 (0.44)
RT(inv) �0.33 (0.20)
AIC 1387.11

BIC 1454.77

Log Likelihood -674.56

Num. obs. 260

Num. groups: ids 28

Num. groups: pic 12

Num. groups: loc 12

Variance: ids.(Intercept) 0.00

Variance: pic.(Intercept) 0.00

Variance: loc.(Intercept) 0.95

Variance: loc.cond.2 0.76

Variance: Residual 9.85

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 19.7.: Model of the Miniature Task Sequence Analysis.
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There was no significant impact of age on mean Miniature Task
score.
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D I S C U S S I O N

This section will review the results of Experiment 2 in relation to the
hypotheses stated previously in Sections 12 and 17.6, as well as to the
results of Experiment 1, discussed in Section 16. The discussion is
based on the structure introduced in the previous study, and where
possible, generic interpretations will be made in consideration to both
Experiments 1 and 2. As backward comparisons across multiple stud-
ies are made throughout the thesis, these sections form the main part
of the result’s discussion.

20.1 visual attention

The similarity of visit lengths to those observed in Exp. 1 indicates
that even under radically different spatial arrangement, a similar set
of artworks is likely to result in a similar ‘visit-threshold’ length.
Moreover, the length of average cumulative viewing time per picture,
and the distribution of dwell lengths were largely similar to those ob-
served in Experiment 1 on a similar set of stimuli, thus confirming
Hypotheses (A1) and (A2). Condition 2 promoted longer dwells, as it
was expected in such a restricted environment where little alternative
stimuli is available to the viewer at any given moment.

Once again, the proportion of dwells falling on- and off-pictures
was compared with the proportions expected from the artworks’ width
and visibility alone. As predicted by Hypothesis (B1), and similarly
to Experiment 1, the proportion of dwells falling on pictures sug-
gests that the visitors’ oculomotor behaviour was attracted to objects
hanging on the walls and therefore was task-specific. Looking at
pictures seemed to constitute the ‘default’ cognitive aim of the art
gallery visits. This is an important observation in the experimental
conditions hosted at a research building of a large university. Mov-
able wall partitions, a one-way mirror as well as other details left no
doubt to the lack of authenticity of this arranged study situation. And
yet, it appears that the visitors had no difficulties with following the
instruction of ‘exploring the gallery as you would explore any other
art gallery’.

Similarly to Experiment 1, Hypothesis (A4; p. 141) was confirmed
through the analysis of viewing sequence similarity. Viewing sequences
in Condition 1 were more similar to each other than were those per-

253



discussion

formed by the visitors of Cond. 2. This fact indicates that additional
wall partitions decreased the variability in the choice of visual tar-
gets. When exploring a simple gallery with decreased Co-Visibility,
participants were more likely to use homogenous trajectories. As pre-
viously observed in Experiment 1, similarity of trajectories in an open-
plan art gallery was there most likely caused by the local grouping
of artworks, encouraging the visitor to engage with those groupings.
This explanation is less convincing in Experiment 2. Here, the sim-
ilarity of viewing sequences seems to be possible more on the global
level - the shape of the gallery encouraged circular movement, and
the limited choice of visual targets under Condition 1 contributed to
rather homogenous global sequences.

Model 19.2, described by the following formula

log(No. of Dwells) ~ cond + Time Spent Inside + age +
(1 | ids) + (1 | loc) + cond*Time Spent Inside

explained about 85% of all variance in the Number of Dwells vari-
able. Similarly to Experiment 1 conducted on the same set of stimuli,
random effect of pictures and fixed effect of Salience Rating did not
improve the fit of the model, meaning that the variation between in-
dividual artworks did not contribute to explaining the variance in the
number of eye glimpses. According to the expectations, experimental
condition (representing spatial differences) had the largest impact. Par-
ticipants exploring the gallery without the wall partitions (Cond. 2)
performed more dwells per picture. Basing the interpretation on Ex-
periment 1, it can be noted that multiple spatial factors differentiating
the conditions must have played a role in this result, as Co-Visibility
had no impact on the Number of Dwells in the previous study. Since
VCAs were kept similar across the conditions, most likely larger isov-
ist areas (affording more diverse viewing angles and distances) were
a considerable factor. Such an interpretation might seem contrary to
the one provided after the Experiment 1, where the quantity of eye
movement is believed to have been consciously guided towards lar-
ger VCAs, as they provided more comfortable viewing conditions. It
must be noted however, that the spatial differences arranged in the
currently analysed study have been much more extreme. Throughout
this Discussion the reader should bear in mind that in Experiment 2

spatial differences were present not only in what the gallery space
‘afforded’, but rather what it ‘made possible’. As it might be the case
with the result describing Number of Dwells, perhaps the significant
effect should not be read as ‘Condition 2 generated higher Number
of Dwells’ but rather ‘Condition 1 limited all possible Number of Dwells
to minimum’. This effect, enforced by drastically modified spatial
arrangement was planned in order to test its influence on visitors’
memory, and further part of this Discussion should be read along
this criterion.
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Interestingly, Time Spent Inside only had a significant, positive in-
fluence on Number of Dwells in Condition 2, and no significant effect
in Cond. 1. This suggests that in the presence of additional wall par-
titions in Condition 1, participants staying inside for longer did not
use the additional time to perform larger Number of Dwells. So re-
stricted space, ‘normalised’ number of dwells performed per picture,
no matter how long the visitor was inside. Since Time Spent Inside
did significantly increase Number of Dwells performed in Condition 2,
participants staying for longer rose the mean Number of Dwells in this
condition and created a statistically significant effect on the output
variable. It thus can be stated, that the cross-conditional difference
in Number of Dwells is primarily due to the restrictive character of
Cond. 1 which minimised number of glimpses for all participants, no
matter how much time they were prepared to devote to the visit. By
consulting the variance of random effects we can notice that the ma-
jority of the gain in Conditional R2 compared to Marginal R2 comes
from unexplained individual differences across participants, and not
differences across locations. This emphasises the importance of indi-
vidual exploration strategies employed by the visitors. The random
effect of location was, however, significant, and thus will be invest-
igated further on. Also, age became a significant, positive predictor
demonstrating that older participants performed more dwells, in both
conditions.

In Model 19.3:

log(Total Dwell Time) ~ Time Spent Inside +
(1|ids) + (1+cond|loc) + (1|pic)

up to 70% of participants’ variance in Total Dwell Time was pre-
dicted by the single fixed effect of Time Spent Inside (Marginal R2).
Considering the lack of this factor’s influence on Number of Dwells in
Cond. 1, we can conclude that participants staying inside the gallery
for longer spent cumulatively more time fixating on pictures, even
though the average number of these engagements was constant (and
therefore their average length increased) in Condition 1. This find-
ing is in line with Hypothesis (E2) predicting strong influence of this
factor. However, the lack of significant cross-conditional difference
in Total Dwell Times is contrary to Hypothesis (B4), which stated that
cumulative viewing time will be longer when ‘complete isolation’ is
ensured.

This finding can be interpreted more clearly, when we turn again
to the very first assumption underlying the design of experimental
spaces arranged in this study: the fact that all VCAs are similar across
conditions. It thus seems, that the aforementioned ‘optimal viewing
conditions’ are provided by sufficient areas of comfortable viewing
in front of the artworks, and that the influence of Co-Visibility is less
prevailing, at least on Total Dwell Times. Due to the large propor-
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tion of variance being explained by Time Spent Inside alone, the unex-
plained effect of space (present in the significant random-effect factor)
remains relatively small.

Picture-Switching ratio differed noticeably across the conditions -
84% of all interactions in Condition 1 were not followed by an imme-
diate engagement with another object. Previously, Experiment 1 had
shown that the only predictors of Picture-Switching ratio considered
in this thesis which remained significant were fixed spatial and ran-
dom individual factors. Thus, the significant difference in Picture-
Switching ratio between the two conditions of Experiment 2 is unsur-
prising given the spatial amendments purposefully designed to limit
this type of behaviour. The result shows, that the manipulation was
successful.

Another Model, 19.4 attempted to further explain the dynamics of
visitors’ oculomotor behaviour:

Long-Short Dwell Ratio ~ cond + (1|ids) + (1|loc)

Condition 1 caused participants to perform higher proportion of
long dwells, thus decreasing the ‘spotty-focused’ (using Bitgood’s
term) attention and facilitating more diligent interaction with indi-
vidual artworks. The presence of random by-participant and by-
location predictors improved the fit of the Model 19.4 from Marginal
R2

0.26 to Conditional R2 of 0.55. This suggests that a lot of unex-
plained variance lies in interpersonal differences (yet other than age
or gender), as well as in the by-location variability (although different
than the presence of wall partitions). The by-participant variability
can be linked to different exploration styles, easily noticeable to any
third-person observer decided to informally investigate social differ-
ences inside a public art gallery. However, similarly to Experiment 1,
this outcome variable was the most difficult to predict (even after
considering random effects) and it must be interpreted with caution.

The above analyses, as well as informal observations of the eye-
tracking recordings confirm that the cross-conditional manipulation
successfully affected the quantity and dynamics of the visitors’ visual
attention. Participants in Cond. 1 engaged with the artworks through
a higher proportion of longer viewing periods (i.e. less ‘spotty-focused’
attention) in the presence of wall partitions. Picture-Switching ratio
was there minimised, demonstrating that only in a very limited num-
ber of cases the viewers were able (and willing) to immediately switch
their eye gaze from one artwork to another. These situations were
only physically possible while traversing past the wall partition.

Participants staying inside the gallery for longer cumulatively looked
at pictures for longer, but in Condition 1 did it through almost equal
average number of dwells. This suggests that participants preferring
to explore the gallery in a slower manner did so most likely in a linear
way, not increasing the number of circulations but prolonging the un-
disturbed engagement periods instead. The decision to stay inside for
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longer was therefore not spontaneous, but links directly to individual
viewing styles and preferences.

Condition 1—as it was predicted by Hypotheses (B5) and (B6)—
also allowed visitors to focus on individual pictures with less visual
interruptions. To better understand this effect we can consider that
the difference between spatial arrangements of Conditions 1 and 2

could be potentially described by an operationalisation different from
VCAs, Co-Visibility and other isovist-derived measures mentioned pre-
viously. Compared to Condition 2, Condition 1 ‘linked’ walking tra-
jectories with the availability of visual targets. In both conditions
participants were likely to walk a similar path but the fragmented
character of the visual experience in Cond. 1 decreased the diversity
of viewing possibilities, resulting in a more focused, but also less
‘comparative’ visual engagements. This alternative operationalisation
however, once again would be path-dependent, and therefore would
provide a limited practical value for the potential exhibition designer.

Importantly, experimental condition had no significant effect on Time
Spent Inside by the visitors. Thus, the aforementioned differences in
eye movement patterns are due to how space modified the oculo-
motor behaviour, and not how it modified the length of the visits.
Even though larger proportion of that time in Condition 1 was spent
looking at empty wall segments (quantified by significantly lower En-
gagement Ratio), Total Dwell Times per picture were better predicted by
Time Spent Inside alone, without the interaction effect of experimental
condition. Thus, it was more the by-visitor variability in time one
wished to devote to exploring the gallery than the influence of gener-
alisable spatial factors, that facilitated cumulative viewing times. In
relation to the discussion we have already undertaken in Section 16.1,
it is questionable to what extent visit durations might be affected by
simple spatial modifications.

In line with the findings of Experiment 1, ET Sequence had a signi-
ficant impact on decreasing Number of Dwells but no such influence on
cumulative viewing times. Instead, Long-to-Short Dwell ratio increased
for artworks viewed later, meaning that as participants explored the
gallery, they tended to do it less dynamically, with less numerous,
but more diligent dwells. Similarly to what has been observed in Ex-
periment 2, this change in viewing behaviour took place without a
sacrifice to Total Dwell Time devoted to pictures.

Regarding the role of the artworks’ content, Hypothesis (A3) was
again confirmed, as Salience Rating and the random by-picture effect
had little effect on the oculomotor behaviour, slightly improving the
fit of only one of the aforementioned models 1. Compared to Exper-
iment 1, more radical hanging arrangement introduced in this study
as well as removing two stimuli closest to the mean Salient Rating did
not—contrary to Hypothesis (E3)—increase the by-picture variance

1 Namely, random by-picture effect in Model 19.3.
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irrespective of their location. Visual content of the artworks used in
both experiments had negligible impact on the visual attention of the
gallery visitors.

In line with Hypothesis (B7), Experiment 1 showed that when in-
teractions consisting primarily of long dwells are considered, the influ-
ence of space on visitors’ eye movement does not seem to be minim-
ised. The results of Experiment 2 to a possible extent demonstrated
that the number of long dwells did not differ significantly across con-
ditions. Thus, the above described differences in the dynamics of vis-
itors’ eye movement across two experimental settings derive rather
from the decreased number of short dwells, than an increased num-
ber of long dwells in Condition 1. It can be stated, that the gallery
with wall partitions was ‘less distracting’ but not clearly ‘more fo-
cusing’. As a result, participants performed about 2 long dwells per
picture on average, no matter what type of setting they were in, thus
providing strong evidence against Hypothesis (B7). In the presence of
conflicting interpretation from the two experiments, the current one
is preferred, as it is based on a spatial setting better suited for testing
this hypothesis.

This finding remains also in contrary to Hypothesis (B8), which
suggested that multiple pictures hanging on the same wall are viewed
as holistic creative entities, thus resulting in smaller number of long
dwells dedicated individually to each of those artworks. It must be
noted, however, that the arrangement of Condition 2 only consisted
of two long walls occupied by artworks, and in the lack of contrast-
ing (more isolated) picture locations, such situation might not have
encouraged the perception of six adjacent paintings as a single creat-
ive work.

It remains to be seen how these modified patterns of eye movement
have affected Spatial Memory and Recognition Memory performance.
It cannot be ignored, that despite the lack of significant effect of exper-
imental condition on Total Dwell Times, visual interactions occurring
in Cond. 2 were (a) more numerous, due to a ‘spotty-focused’ atten-
tion; and (b) conducted from much more diverse set of angles and dis-
tances than in Condition 1 (which only allowed participants to view
artworks from within their VCAs). Intuitive assumption would sug-
gest, that if cumulative viewing times are similar, but the conditions
of viewing are much worse in Cond. 2, memory performance follow-
ing such ‘badly optimised’ artwork viewing shall be worse. On the
contrary, Hypotheses (C6) and (E4) predict that cognitively deeper
processing of artworks during an unrestricted gallery visit occurs
primarily within the painting’s VCA. In such a case, the presence of
dwells from less optimal distances and angles (primarily short dwells
occurring at oblique angles, as informal observations of ET record-
ings would suggest), will have little effect on visitors’ Recognition
Memory, and thus no significant difference across the conditions is
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expected. This is due to the fact that VCAs allowing the visitors to
comfortably engage with an artwork during their free exploration of
space are very similar.

20.2 recognition memory

The lack of significant effect of Condition on Recognition Memory lies
in line with the previously stated hypothesis. Despite a very strong
impact of space on participants’ oculomotor behaviour (as described
in Section 20.1), this difference in viewing patterns did not result in a
consistent change in Recognition Memory performance. Accounting
for Eye Movement data did not substantially improve the overall per-
formance of the models. However, the Model 19.7 was able to account
for over a half of the variance in Reaction Time data, even though the
majority of this variation was due to the by-participant random effect.

In contrast to Hypothesis C5, larger Isovist Areas did not increase
participants’ Recognition Memory performance. Compared to the
corresponding results from Experiment 1, this fact supports the state-
ment that Visibility Catchment Areas are a description more relevant
for capturing the influence of artwork’s location on visitors’ memory
(Hypotheses C6 and E4). Even as Co-Visibility is affected by the pres-
ence (or lack) of the wall partitions, the size of the floor area from
which each painting can be viewed comfortably (straight-on) is sim-
ilar. The two layouts arranged in this experiment facilitated the type
of movement which is most typically observed in traditional art gal-
leries: a slow, linear progression across space, in a straight line from
one picture to another. This space supported such viewing pattern to
the maximum extent possible. Space having many pictures located
near room corners or in smaller subspaces (with more varied VCAs)
would ‘break’ this movement pattern more often and potentially con-
tribute to the significant impact of layout on Recognition Memory
observed in Experiment 1.

Total Dwell Time significantly predicted RT accuracy similarly to Ex-
periment 1, showing a direct relation between viewing times and Re-
cognition Memory. The result is in line with the previous findings,
as well as Hypothesis D4. Once again, it cannot be interpreted, how-
ever, without considering the fact that the majority of all answers in
the Recognition Memory test were correct (86% in this experiment).
As it has been mentioned previously, this limits the applicability of
this measure for more detailed statistical analyses and makes it only
reliable for detecting very strong effects.

In all models describing the influence of space and oculomotor be-
haviour on Recognition Memory, Time Spent Inside consistently ap-
peared as the factor of the highest importance. This is in line with
Hypothesis E2. It is important to note however that—compared to
Experiment 1—time had a much more linear influence. That is to say
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that the more participants stayed inside the gallery, the better their
memory for the artworks was. However, the radical cross-conditional
difference in spatial arrangement had no role to play in this effect, as
it did in Experiment 1. Since both spatial layouts facilitated Recog-
nition Memory in a similar manner, participants staying inside any
of the two arrangements for longer, were equally likely to leave with
stronger memories of the viewed artworks.

In all models described in Section 19.2, the consistent variation
found within individual locations was negligible. This means, that
the experimental set-up successfully managed to eliminate by-location
variability other than this deriving from the probability of viewing
some locations as the first/last ones in the sequence. Even this aspect,
however, had no clear impact on participants’ Recognition Memory.
The aim of this particular set-up was therefore successfully achieved -
each artwork location provided equal opportunities for processing its
content. Compared to Experiment 1, it is important to note how the
random by-location effect increases in space where artwork locations
are more diversified. A potential curatorial strategy deriving from
this finding would be to explicitly plan the exhibition with the aim of
either providing equal, or varying ‘processing opportunities’ for each
artwork location. On the cumulative level of multiple diverse gallery
visits the main differentiation between equal or varying spatial settings
might be one of the most impactful decisions a curator faces during
the design process.

Contrary to Hypothesis (C1), higher Co-Visibility—despite modify-
ing the dynamics of the oculomotor behaviour—did not reduce the
Recognition Memory performance by the ‘divided attention’ memory
effect. Perhaps, the inhibiting influence of space on memory is not as
impactful if the ‘minimal sufficient’ conditions for comfortable view-
ing of artworks are provided. That is to say, the ‘divided attention’
effect often observed in laboratory-based studies, looses on import-
ance when participants have a chance to explore the environment
in a less restricted manner and this environment provides equally
suitable opportunities for engaging with each object. In fact, a situ-
ation different from this would mean that our visual attention is not
well-accustomed to the external surrounding densely occupied by po-
tentially attractive visual objects. The ability to scan through them in
order to orient in one’s own environment and plan further actions is
a necessity (B. W. Tatler & Land, 2011). The inability to maintain
cognitive processing efficiency in a situation when unrestricted, pro-
longed viewing opportunities are available would be a major impedi-
ment to our everyday functioning in the visually rich environment.
The ‘minimal sufficient’ comfortable conditions seem to overcome
the distraction-related spatial factors, such as co-visibility. Once the
former is provided, the latter looses on importance. An indirect link-
age between the ‘divided attention’ effect and Recognition Memory
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established in Experiment 1 can therefore be the result of a correlation
between two spatial factors (VCAs and Co-Visibility) there modified,
and the experimental set-up of Experiment 2 shed more light on this
relation.

Salience Rating was not a significant predictor in any of the Recog-
nition Memory measures (contrary to Hypothesis C2). The influence
of this particular factor was not shown clearly in Experiment 1 and
therefore it can be concluded that no clear relation between Salience
Rating (as it was defined in this thesis) and Recognition Memory is
observable. It must be noted however, that the set of artworks used in
these two experiments is relatively unvaried compared to many other
art exhibitions. In the art gallery context, the effect therefore might
be highly dependent on the particular group of exhibited artworks.

20.3 spatial memory

There was no significant difference in participants’ Spatial Memory
performance across the conditions. However, once again (following
the Experiment 1) it can be noticed that condition which facilitated
more ‘spotty-focused’ visual attention (Cond. 2), resulted in a lar-
ger spread of individual performances. This suggests that a space
which is not ‘optimised’ for linear viewing, might present a major
challenge to some visitors when retrieving its spatial organisation is
concerned. Not only did Condition 2 generate much larger spread in
Spatial Memory performance, but also (unlike Cond. 1) it resulted in
a significant correlation of this performance measure with number of
long dwells. The potential reason for such a difference might be that
Condition 1 was better optimised for preserving spatial memories of
the environment, no matter what the abilities or strategies of the indi-
viduals were. In a less-optimal spatial setting, these spatial strategies
(such as the tendency for longer dwells, as well as other individual
differences) played a much larger role in differentiating the outcome
result. The exact nature of this relation, however, lies beyond the
scope of this thesis.

Much higher Co-Visibility in Condition 2 did not result in better
Spatial Memory performance as it was predicted in Hypothesis C3.
This particular hypothesis, however, assumed that such an influence
would arise from a higher meaning associated with the artworks
hanging at highly co-visible locations with large Visibility Catchment
Areas. In this experiment, both of these measures were highly uni-
form within each condition. In result, a person experiencing only a
single gallery set-up (in only one of the two conditions) had no pos-
sibility to relate the perceived spatial importance of any of the viewed
objects agains other, more or less spatially important ones. Confirm-
ing or negating Hypothesis C3 would therefore require a study de-
signed around this particular research question.
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A very specific connection between Spatial Memory and eye-movement
can be inferred based on the Miniature Task Sequence Analysis. The
longer participants spent looking at a particular picture, the more
likely they were to solve it earlier in the Miniature Task. This linkage
follows the prediction made previously in Hypotheses A5 and D4 and
the conclusion drawn from the results of Experiment 1: that space af-
fects memory in an indirect manner, by influencing the eye-movement
patterns first. Thus, the influence of space on visual attention (de-
scribed in Section 20.1) remains the central part of the analysis reveal-
ing in detail how spatial layout modifies our cognitive processes in
space. The resulting impact on memory performance seems intuitive:
the more visitors look at a given object, the better they remember it.

Based on Miniature Task Sequence Analysis, also the linkage between
Spatial Memory and Recognition Memory was visible - the quicker
a person was in responding to a painting in the Recognition Test,
the more likely he or she was to move it earlier in the Miniature
Task. This result however might be associated with the most probable
strategy of solving the Miniature Task - participants are more likely
to firstly focus on solving the location of those pictures, of which
presence in the gallery they were the most sure of. Only later they
would solve the location of objects, of which presence in the gallery
they were not certain.

Salience Rating had no significant impact on any of the Spatial
Memory, Recognition Memory, or Eye-Tracking measures, even des-
pite the fact that pictures were hung alternately (highly-lowly-highly
salient. . . ). Detailed analyses also revealed no interaction effect with
experimental condition. Based on the results of Experiment 1, Hy-
pothesis E3 assumed that the more radical hanging conditions, espe-
cially those promoting complete isolation of individual artworks in
Condition 1, will result in a significant effect of Salience Rating. How-
ever, it was not observed in the results. The reason for this might be
similar to the one described in one of the above paragraphs - each par-
ticipant experienced only one spatial set-up, and all artworks within
this set-up had very similar spatial characteristics. In Experiment 1, it
were highly salient and isolated pictures which attracted more longer
dwells. Perhaps, when all pictures are isolated, their individual sa-
lience looses significance, as a specific viewing mode is undertaken
by the visitors from the start of the visit and subsequently applied
to all artworks. Moreover, even if the effect found in Experiment 1

was strong enough to prevail in the new experimental conditions, it
would nevertheless have negligible impact on memory, as long dwells
only affected memory performance in Condition 2 - where no artwork
was isolated. Experiment 2 therefore demonstrates that if object’s sali-
ence (defined by Salience Rating) is influencing the visitor experience,
this is done in a very specific manner (e.g. as demonstrated in Ex-
periment 1) and not invariably on all occasions. It can be assumed
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that quasi-objective saliency measures, such as Salience Rating, cannot
therefore reliably describe how a particular object ‘stands out’ from
the others, similar ones. Especially in the art context, individual pref-
erence might play a far more significant role in this respect.

20.4 summary

The average isovist size was larger in Condition 2 showing that the
participants had the possibility of engaging with each picture from
more diverse set of angles and distances. Also the isovist coverage area
was larger, making it possible for the visitors to maintain significantly
higher engagement rates throughout their visits. This resulted in a
modified dynamics of the viewing behaviour across the conditions.

However, these behavioural differences were not reflected in the
cognitive outcome of the visit such as Mean Reaction Times, showing
that the depth of processing occurring in both spatial conditions was
similar. This results seems to be linked to equal Visibility Catchment
Areas - fragments of the gallery floor plan located directly in front of
a picture.

The question of the relation between VCA and isovist area is the
one of the nature of human visual attention and memory. Are our
cognitive processes able to make use of additional spatio-visual op-
portunities for processing? It appears they do not. At least not in a
situation where one has the possibility and ease of guiding his or her
own eye gaze into the place providing the most comfortable viewing
conditions. When such conditions exist, deeper processing from less
comfortable locations would perhaps generate unnecessary cognitive
effort. This is not equivalent to saying that humans are incapable of
deeper art processing from diverse set of angles. Yet, it is an abil-
ity that seems not to occur spontaneously and perhaps makes itself
visible only under conditions leaving the viewer no other (more cog-
nitively comfortable) alternative. In other words, higher ‘quantity’
visibility potential does not seem to give an advantage. There is not
enough evidence to say it makes the processing worse, but under
spontaneous exploration it is not a source of significant improvement.
As long as the ‘basic spatial conditions’ are met, the abundance of
available visual information has a strong behavioural, but a limited
cognitive effect.
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B A LT I C C A S E S T U D Y





BALTIC Case Study

Both of the already described experiments took place in an arti-
ficially arranged art gallery. This is potentially problematic as the
importance of measuring the impact of art in its original setting has
been emphasised in the literature on multiple occasions (Locher,
2011; Tschacher et al., 2012; Brieber et al., 2014). The main reason
is that laboratory-based studies cannot account for the artist’s inten-
tions regarding the presentation of the work, and have no curatorial
background to facilitate the set-up of a ‘mock-up’ art gallery. In res-
ult, an experimental gallery is unlikely to be very similar to a ‘real’
art gallery. Even if they look alike, the ideas underlying spatial re-
lationships in an experimental gallery are different (often random),
and on the level of the cognitive outcome they might not simulate
the ‘real’ art gallery experience well (Locher, 2011). Moreover, it has
been long acknowledged that a museum visit should not be analysed
in separation to the visitors’ prior expectations, as they play a major
role in shaping the final experience (Falk & Dierking, 2004). A visit
to a psychological laboratory (or even an art gallery located within a
university campus - similarly to Experiment 1 described in this thesis)
is likely to bear very different expectations from a visit to an actual
art gallery. The latter bears strong linkages with its marketing image,
previously publicised agenda, and often a prestigious location. The
resulting motivation to attend the exhibits (Bitgood, 2003) can also
differ. Hence, the importance of testing the experimentally-generated
findings in the real world setting is undeniable.
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M E T H O D

In this Case Study, participants were invited to explore a working
art gallery open to the public in the city of Gateshead, UK. BALTIC
Centre for Contemporary Art opened in 2002 in a refurbished flour
mill. It hosts numerous temporary exhibitions of contemporary art
on its 6 levels, as well as a gift shop, library, a cafe, restaurant, a con-
ference floor and a riverside terrace for special events. Spatial layout
of exhibition spaces can be modified according to the requirements
of individual exhibition with the use of movable walls and ceilings.
The Case Study conducted within this thesis focused on the exhibi-
tion of a contemporary German artist Thomas Scheibitz titled ‘ONE-
Time Pad’, which was hosted on two floors of the BALTIC between
26.07.2013 and 3.11.2013. The study took place on weekdays between
the 7th and 25th of October and considered only one out of two ex-
hibition levels.

21.1 procedure and participants

Individual meetings with participants were scheduled in a gallery
location assigned for each day by the gallery’s Duty Manager. This
locations were either a dedicated empty meeting room, the gallery’s
library, an empty riverside terrace, or a corner table in the cafeteria
during off-peak hours1.

Within the procedure employed in the two previously described
studies, participants were asked to wear Tobii Glasses eye-tracker and
explore Thomas Scheibitz’s ‘ONE-Time Pad’ exhibition. The exhibi-
tion was hosted on 2 separate levels, but participants were specific-
ally asked to visit BALTIC’s Level 3 only, as it has consisted majorly
of paintings. Following the calibration of the eye-tracker, participants
were explained the route to the exhibition from the briefing point
and navigated alone to the exhibition and back. When the meeting
point was located on a level different from Level 3, they were free to
choose between using the staircase and the lift. The researcher did
not follow the visitor to the exhibition area and waited in the briefing
room for the entire period of the visit. It must be therefore noted that

1 Despite the variability in lighting, sitting conditions, and ambient noise during the
briefing and de-briefing phases, subsequent data analysis showed no significant in-
fluence of the room type on participants’ results.
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participants spent different, uncontrolled time between seeing the ex-
hibition and participating in the memory tests, as they took different
paths to come back to the starting position. One participant accident-
ally visited both gallery levels hosting the exhibition. Time limit of 40

minutes was imposed - given the vast size of the exhibition as long a
period as possible was desired, although (similarly to Experiments 1

and 2) participants were free to leave as quickly as they preferred.
The museum staff was aware of the study taking place but there

were no specific instructions given to facilitate their reaction to the
participants. Thus, some participants engaged in a conversation with
the staff members, while others joined a guided gallery tour group.
Informal observation of the eye-tracking recordings did not reveal
any unusual reactions from other gallery visitors towards the pres-
ence of visitors wearing an eye-tracking device. These unrestricted
study conditions were purposefully arranged to simulate a ‘real-life’
art gallery visit as closely as possible, with all its potential variability
of distractors.

Sixteen participants (9 female; all over 18 years old, non-artists,
non-architects, with normal or corrected-to-normal vision, not colour
blind) were recruited through university email system for a fee of
6 pounds. None of the participants has previously visited the stud-
ied exhibition. As spatial layout of the gallery was modified for its
purpose, previous familiarity with the building played no role, even
though 9 of them have been to the BALTIC building before. Parti-
cipants were aged between 20 and 46 years (M = 28.5, SD = 8.24). All
participants explored the exhibition under the same spatial condition,
unmodified for the entire duration of the exhibition.

21.2 space and materials

The layout of the exhibition has been designed by the artist in collab-
oration with the gallery using a miniature maquette (BALTIC Centre
for Contemporary Art, 2013). This fact differs the Case Study from
both of the previously described Experiments, where the placement
of artworks was established with no curatorial goals other than the
research aims specified by the researcher. Figure 21.1 presents the
layout of the Case Study exhibition.

Fully 3-dimensional sculptures are not analysed in this Case Study,
since—compared to paintings—they display unique visual informa-
tion from different angles and therefore are likely to encourage dis-
tinct viewing patterns. However, they are considered in Space Syntax
analyses, as their presence modified visual fields of the individuals.
The room located the furthest from the entrance of the gallery was
a rectangular space containing multiple glass cabinets with small
miscellaneous objects and a number of densely hung sketches on
the surrounding walls. Due to the available precision of the eye-
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Figure 21.1.: Layout of the exhibition studied in the BALTIC. Except
for the upper subspace, the exhibition floor contained 24

distinct artworks, 19 of which were paintings (or install-
ations framed as paintings and hung on or supported
by the wall); 5 were other sculptures. In its widest and
longest space, the area was 19 x 38.5 m respectively.
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Figure 21.2.: An overview of Thomas Scheibitz’s ‘One-Time Pad’. Im-
age courtesy of BALTIC Centre for Contemporary Arts.

tracking device, all objects located in this room were also ignored
in subsequent analyses, despite the fact participants spent noticeable
amount of time in it. These objects were uniformly accounted for as
‘other artworks’ in the eye-tracking coding procedure and were not
presented to the participants in the subsequent memory tests.

In total, 19 pictures, or flat sculptures were the subjects of eye-
tracking coding and all subsequent analyses. Five 3-dimensional
sculptures and all objects from the room containing glass cabinets
were ignored. Figures 21.2, 21.3, 21.4, 21.5 and 21.6 present overview
of the gallery and the contained artworks.

As in any other contemporary art gallery, labels and textual inform-
ation about the author and the artworks were available. Participants
received no instruction regarding these information and were free to
explore them at their own discretion.

Other visitors were present in the gallery, in varying numbers de-
pending on the time of the day. Conducting the study only during
weekdays ensured off-peak activity in the gallery. Participants re-
ceived no instructions regarding the engagement with other visitors
and gallery staff.

For this Case Study, no independent Salience Study was conducted.
As the paintings hanging in the gallery varied in size (from 3327 cm2

to 126000 cm2), assessing their salience in an isolated computer-based
experiment would not provide a valid estimation of their factual ‘sa-
lience’. Even if the objects were presented on a screen downsized
to their relative scale, it is unlikely that the magnitude of the per-
ceived difference in salience would accurately simulate the difference
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Figure 21.3.: An overview of Thomas Scheibitz’s ‘One-Time Pad’. Im-
age courtesy of BALTIC Centre for Contemporary Arts.

Figure 21.4.: An overview of Thomas Scheibitz’s ‘One-Time Pad’. Im-
age courtesy of BALTIC Centre for Contemporary Arts.
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Figure 21.5.: An overview of Thomas Scheibitz’s ‘One-Time Pad’. Im-
age courtesy of BALTIC Centre for Contemporary Arts.

Figure 21.6.: The back-room glass display cabinet at Thomas Scheib-
itz’s ‘One-Time Pad’. Image courtesy of BALTIC Centre
for Contemporary Arts.
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encountered in the real art gallery. For this reason, size of the object
was used in further analyses instead (defined in centimetres-squared
surface area).

Similarly to Experiment 2, lighting of each artwork was measured.
Digital lighting sensor was used to obtain LUX measurements twice
for each artwork (from about 10 cm from the its centre), which were
then averaged. The lighting appeared to be uniformly distributed
(M = 187 lx; SD = 13.5) and therefore was not included in subsequent
analyses.

21.3 eye-tracking recordings

‘Tobii Glasses 1’ eye-tracker was used in the experiment. The calibra-
tion was successful (and recorded above 60% of valid fixations) for 9

participants, whose recordings were extracted and coded according
to the procedure described in Appendix A.1. The coding procedure
considered instances of each picture dwell, as well as (jointly) dwells
on walls, floors and the ceiling. Additionally to Experiment 1 and 2

dwells falling on other visitors were also coded in order to control
for the level of potential distraction. Fixations on artworks not being
the subject of further analyses (such as sculptures and glass display
cabinets) were coded jointly under a separate code.

Due to the presence of a large number of stimuli remaining out-
side the scope of the main analysis, it is important to clarify how eye-
tracking measures were calculated in the BALTIC study compared
to the two previously described Experiments. Unless stated other-
wise, all eye movement metrics further described relate to calcula-
tions which excluded fixations on non-analysed objects. For instance,
where mean Dwell Lengths, Number of Dwells, or Long-to-Short Dwell
ratio are reported, they all exclude the fixations at non-analysed ob-
jects. This is justified by the fact that viewing behaviour occurring
within the back end space of the gallery (which contained large dis-
play cabinets of multiple small objects) most often attracted relatively
long undisturbed viewing periods, rarely observable in other parts of
the exhibition. Due to spatial isolation of these works, such interac-
tions were relatively detached from the general ‘viewing flow’ of the
main paintings. Including these fixations in the calculation would
have a high impact on the distribution of the eye movement metrics,
potentially decreasing their value as quantifications of the visual at-
tention for works being the subject of the study. The only measure
which considered fixations on non-analysed objects—as well as on
other visitors—was Picture-Switching ratio. This metric would classify
an immediate fixation after an interaction with a picture, even if the
object being the subject of the subsequent fixation was a sculpture or
a display cabinet in the back end room. Most importantly, the reader
should note that Engagement Ratio is hereby equivalent to the percent-
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age of total Time Spent Inside by the visitor, which was spent looking at
any of the artworks being the subject of the analysis. It thus excludes
the time spent looking at sculptures and back end room objects. To
account for the potential influence of these engagements, Normalised
Total Dwell Time (i.e. the percentage spent fixating) on non-analysed
objects was also quantified and included in the detailed statistical
analysis.

Those participants whose eye-tracking data could not be used were
unaware of the equipment failure and therefore still performed all
tasks in the same context as other participants. For this reason, the
data obtained from their memory test solutions was used in all ana-
lyses where it did not require matching with eye-tracking data.

21.4 recognition memory test (reaction times)

The Recognition Memory Test was presented via OpenSesame soft-
ware (Mathôt et al., 2012) on a 17” laptop with two keys (‘A’ and
‘L’) labeled ‘YES’ and ‘NO’ by black-and-white printed stickers. The
entire task was identical to the one used in Experiment 1 and 2 except
the stimuli used were different. The task consisted of 3 training stim-
uli, followed by a randomly ordered projection of 19 correct artworks
and 19 new objects (Appendix E contains all stimuli used in this task).
The keyboard keys used for providing the response (left-right; yes-no)
were swapped after participant number 8.

21.5 spatial memory test (miniature task)

The Miniature Task was similar to the one used in Experiment 2

and it was presented on the same laptop used for the Recognition
Memory Test. An empty PowerPoint slide was displayed in the full-
screen mode, only with a single toolbar and the menubar visible. The
layout of the gallery was displayed as a non-clickable, non-movable
slide background. The layout contained the locations of all walls and
of the entrance in black. It did not contain the pre-specified picture
locations. Nineteen Picture Miniatures were randomly scattered out-
side the layout. Figure 21.7 a sample starting set up of the task, and
Figure 21.8 its sample solution.

The miniatures were manipulated by ‘drag and drop’ action per-
formed with a mouse. Participants were instructed to take as much
time as they need to complete the task, but it was suggested that
they place all pictures on their presumed location (Appendix D.4).
The entire solution was recorded with CamStudio 2.7 software. All
participants produced valid solutions. If ambiguities in miniature
placement were present, the researcher asked to specify which exact
wall location is considered as correct and to adjust the position of the
miniature.
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Figure 21.7.: Sample set up at the beginning of the Miniature Task.

Figure 21.8.: Sample solution of the Miniature Task.
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21.6 revised hypotheses (f)

The fact that each picture was ‘fixed’ to its location permanently and
that all participants viewed the same works hanging at the same po-
sitions limits the possibility of distinguishing the influence of space
from the influence of individual pictures. However, this limitation is
primarily linked to the random-effect component of the prediction:
compared to the analyses described in Experiments 1 and 2, here, the
by-picture and by-location random effect cannot be separated. We
will use the term ‘by-item’ random-effect to refer to it jointly. Nev-
ertheless, using the knowledge combined from the analyses of two
earlier studies, we can expect spatial factors to have a strong influ-
ence on visitors’ visual attention and memory. Primarily VCA, Tar-
geted Co-Visibility, and Isovist Jaggedness have been shown to affect eye
movement (note that in Experiment 2 the effect of Co-Visibility has of-
ten been described by the influence of Experimental Condition, which
by design differed primarily by this particular measure). In the layout
of the BALTIC exhibition, the difference between individual locations’
Isovist Jaggedness were minimal, and thus are expected to have no sig-
nificant impact on psychological measures (Hypothesis F1).

Since no independent Salience Study was conducted, painting’s
size was the main variable describing content properties of individual
pictures. Informal observations of individual visitors additionally
suggest that this might have a linear impact, as larger pictures may
attract more attention (Hypothesis F2).

As this study had no exploratory character, but was a real-life test-
ing setting for the findings previously established in Experiments 1

and 2, the procedure of model construction was modified. For each
outcome variable, first an attempt was made to build a model only
from the data potentially available to the curator at the stage of ex-
hibition design (i.e. without the demographic data and information
about the time spent inside by each visitor) and only using predict-
ors which have proven to be significant in the analysis performed in
Experiments 1 and 2. Picture’s size will also be used by default, as
it has sound theoretical reasons to have an impact on both visual at-
tention and memory. We will call these models ‘practical’ predictions.
Only then the stepwise model selection procedure will be repeated,
as it was employed previously to establish the actual best-fit model
for the gathered data or the significance of individual factors verified.
It is almost certain that the best-fit models will in all cases outper-
form ‘practical’ predictions, but the aim of this research exercise—as
well as the reason standing behind the entire BALTIC Case Study—is
to discuss the practical implications of the findings presented in the
thesis. Such ‘practical’ prediction formulas could be potentially used
to build software aiding the exhibition design process. Note, that a
committed curator or artist could make further attempts to improve
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the fit of such simple models by modelling the distribution of visitors’
age and of their times spent inside the gallery based on the records of
visitors’ activities held by the hosting museum institution. The spa-
tial factors have shown to have a limited influence when considered
in separation to these basic demographic aspects, especially for some
of the considered outcome variables. Thus, these models and their
R2 values will not rightfully represent what ‘the effect of space alone’
is, but should only be treated as coarse estimations given the data
potentially available to a curator.
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D ATA A N A LY S I S

22.1 spatial characteristic of the gallery (space syn-
tax and isovist analysis)

Measures described in Section 11 were calculated for each picture loc-
ation using Depthmap (Turner, 2001). Figure 22.1 below presents
a sample visualisation). Each layout location was linked with a nu-
meric measure, describing its relation to all other artwork locations
in the layout.

The arrangement of artworks was specific in one particular respect:
there was a small group of noticeably isolated paintings (low VCAs
and low Co-Visibility) and a much larger group (10 out of 19 analysed
artworks) which had both Potential Co-Visibility and VCAs high above
the mean. This relation was not true for pictures of lower Co-Visibility,
as their VCAs varied across the spectrum. Figure 22.2 presents these
relations.

Figure 22.2 also demonstrates what can be considered a ‘natural
spatial order’ of this (and possibly many others) art exhibition. Groups
of paintings which have high Co-Visibility and low VCAs (or vice-
versa) are underrepresented. Exposure is either limited entirely, or
maximised with the use of both spatial factors. This seems to be
the case for the majority of commonly encountered modern art ex-
hibitions and could possibly be linked with the need of optimising
floor surface usage. Any artwork can be isolated completely within
a relatively small gallery sub-space, but maximising its VCA without
increasing Co-Visibility would require leaving a lot of gallery space un-
used. On the contrary, maximising the painting’s Co-Visibility while
keeping its VCA small, would require hanging multiple paintings on
the walls surrounding a very restricted sub-space, which can be un-
practical (for instance due to potential crowding). This observation
requires to differentiate BALTIC Case Study from the two artificially-
arranged experiments, where Co-Visibility and VCAs were not highly
correlated. Perhaps, by doing so, they did not represent a setting
which would be preferred if organised by a curator. And yet, most cer-
tainly museum institutions differ in the spatial strategies employed
(Tzortzi, 2007) and thus no far-reaching statement can be drawn from
an observation made in the single BALTIC Case Study. In respect
to the measures considered by the current thesis, however, it is an
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Figure 22.1.: Visibility Graph Analysis of the BALTIC Case Study lay-
out.

Figure 22.2.: Relation between Potential Co-Visibility and VCA with
a visible gap in the middle part of the spectrum.
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22.2 eye-tracking measures

important feature. Spatial analysis of the setting revealed, that Poten-
tial Co-Visibility and VCA variables correlated at the level of r = 0.4.
In this case, including both measures in a single statistical model is
legitimate, given collinearity of the entire model is not violated1.

Potential Co-Visibility was calculated according to the same proced-
ure as in Experiment 1. The distribution of this variable was clearly
binomial, with 12 out of 19 pictures having Potential Co-Visibility equal
to 7 or higher and 10 was the maximum value in this particular spatial
set-up. The remaining 7 pictures had Potential Co-Visibility of either 3

or 4. For this reason, the variable was coded as a categorical factor,
distinguishing between ‘low’ and ‘high’ Potential Co-Visibility. This
will make it possible to investigate interaction effects, i.e. whether
the influence of individual factors on human cognition was different
for these pictures with ‘low’ and ‘high’ co-visibility. Due to the fact
that almost all highly Co-Visible pictures had relatively large VCAs,
the interaction effect of Potential Co-Visibility and VCA will not be
considered.

Additionally, pictures were classified for their type, differentiating
between a traditional canvas painting, a flat sculpture hanging as-
if-it-was-a-painting, or a flat artwork framed behind a glossy glass
surface.

22.2 eye-tracking measures

Eye-tracking measures described in Section 8.2 were obtained from
the coding logs, using a custom-built R script.

The recordings were also used to calculate total time spent inside
the gallery by each participant (from the moment of the first dwell
through the glass entrance to the gallery to the moment of passing the
door when exiting). Where eye-tracking recording was unsuccessful,
the researcher’s manual timing estimation was used to assess time
spent inside.

Out of 16 eye-movement recordings, only 9 were valid (i.e. with
correct calibration and containing minimum 60% of valid fixations).
Only this subset is considered in the analysis of eye-tracking record-
ings.

22.3 recognition memory test (reaction times)

For Reaction Time data analysis, only the correct ‘yes’ answers were
taken into consideration (90% of the entire dataset). However, the
accuracy was also recorded and will be referred to as RT accuracy.
Observations lying below 250 ms or further than two standard devi-
ations from the mean of the whole dataset were removed (Ratcliff,

1 A recommendation given by (Tabachnick & Fidell, 2001) is to avoid including in a
single model two variables which correlate at the value of 0.7 or higher.
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1993; Whelan, 2008), leaving 84% of all responses valid (i.e. correct
and within two Standard Deviations).

22.4 spatial memory test (miniature task)

From all three measures available (Section 10.1), String Matching tech-
nique did not seem suitable for the analysis of this Miniature Task
due to the presence of uninterrupted wall surfaces spreading over
two large rooms. Classifying it as a holder of a single string would
thus be self-contradictory. This, similarly to Experiment 1, shows that
this method is unsuitable for non-trivial spatial environments, where
objects of interest can be located at diverse set of angles in relation to
each other.

Bidimensional Regression was also shown to be unreliable in spa-
tial conditions providing higher chance of ‘wrong-side-of-the-right-
wall’ error type (Section 14.5). The layout of the gallery analysed
here provided multiple possibilities for such mistakes.

For this reason, less detailed but more robust Back-to-the-Wall score
was again used to assess participants’ spatial memory performance.

22.5 miniature task sequence analysis

Similarly to the procedure described in Section 18.6, screen record-
ings of participants’ ‘drag and drop’ actions were recorded while they
were solving the Miniature Task. Each time a miniature was moved
from an already taken position to a new one, its order in the sequence
was changed to the last. All movement which was not affecting the
sequence of the artworks along a given wall was ignored (e.g. when
participant needed to adjust the positioning to make space for other
artworks). Rearranging artworks within the same wall was also ig-
nored (as the exact sequence is ignored by Back-to-the-Wall measure).

Two participants left out two miniatures outside the layout. In each
case those two miniatures were added to the end of the sequence (at
random order) and considered as false answers in Back-to-the-Wall
measure.

There was no correlation between ET sequence and Miniature Task
sequence (r = 0.05).
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R E S U LT S

As the reader could have noticed, Experiment 2 yielded generally
higher Conditional R2 values in the case of all models in comparison
to their equivalents in Experiment 1. This phenomenon might be the
result of the feature which has already been named as a potential
limitation of the current study - its restricted ecological validity. The
space arranged in Experiment 2 was simpler, and as a consequence
it afforded much more uniform type of behaviour (demonstrated e.g.
by the measure of viewing sequence similarity). In a more restrictive
laboratory-based situation, it is easier to control for factors poten-
tially affecting the measured psychological processes. Consequently,
it is expected that the next study—taking place during working hours
of a public centre for contemporary arts—will allow the author to ex-
plain much lower proportion of the variance. A space deprived of
any distractions, designed purely for the purpose of an experiment
increases the chances of a researcher for observing repeatable pat-
terns of human behaviour. When the research site contains notice-
able amount of external ‘noise’ (i.e. factors not being the subject of
the study and staying beyond the control of the researcher), the fit of
any statistical model will decrease.

23.1 time spent inside

Participants spent M = 1388 seconds (or about 23 minutes; SD = 596

sec.) inside the gallery. One person has used the entire time limit al-
lowed for the exploration (40 minutes). The person who has been in-
side for the shortest period of time, left the gallery within 4.5 minutes
of entering. As the available eye-tracking recordings revealed, at least
one person have not complied to the instruction and explored an ad-
ditional floor of the exhibition, although briefly.

23.2 visual attention

Out of 9 participants whose eye-tracking data was analysed, all parti-
cipants fixated at least once at every picture with a single exception of
one person missing the work titled ‘GP 171’. Informal observation of
the eye-tracking recordings revealed that the painting appeared in the
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Figure 23.1.: Visualisation of Total Dwell Time per picture distributions
across the 3 studies.

participant’s periphery field of view on multiple occasions, therefore
the visitor’s data was not excluded from the analysis.

Participants performed 202 dwells on the analysed paintings on
average during a single visit and the proportion of the total time
inside spent looking at those pictures (or average Engagement Ratio)
was 0.53 (SD = .07). Much lower Engagement Ratio compared to Ex-
periments 1 and 2 comes from the fact that it does not account for
the time participants spent fixating on sculptures, installations, and
pictures excluded from the analysis. These instances account for 31%
of all dwell times on average. Visitors have also spent an average of
M = 2.86 sec. (SD = 2.34) per participant fixating on other people
present inside the gallery.

Average Total Dwell Time per picture was M = 36.91 sec (SD = 28.72),
however, due to the large variation in these values, the mean was not
significantly higher from this obtained in Experiment 1 (Wilcoxon
signed rank test against 31.71: V = 7948, p=.359). As presented in Fig-
ure 23.1, Total Dwell Time distributions were largely similar between
Experiments 1 and 2 compared to the BALTIC Case Study, where
some pictures attracted considerably longer viewing.

Average participant fixated on the first picture within 1.64 sec. from
entering the gallery area1, most likely due to the fact that some art-
works were visible through the glass door and such fixations were
coded on an equal basis. Each picture was a subject of M = 10.62

1 The gallery area for the purpose of the analysis is defined as containing the rectan-
gular area in front of the glass door entrance to the gallery.
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23.2 visual attention

dwells during a single gallery visit. Mean Long-to-Short Dwell Ratio
was 0.24, meaning that an average participant performed about three
times as many short dwells (i.e. dwells lasting for less than 2 sec.) than
long dwells (>2 sec.). As indicated by Picture-Switching metric equal to
0.49, almost half of all dwells were followed by an immediate fixation
on another picture (or sculpture, or installation).

Mean dwell length was 3.48 sec., the cumulative distribution of dwell
lengths was heavy-tailed (in line with Hypothesis A1), and the longest
single dwell on a separate picture lasted for 88 seconds.

Since artworks were fixed to a specific spatial location, the by-
picture and by-location descriptors are equivalent. Similarly to the
analyses performed for Experiments 1 and 2, Number of Dwells and
Total Dwell Time were modelled as two key variables describing the
quantitative aspect of the visitors’ eye movement.

Firstly, however, we will make an attempt to predict Number of
Dwells falling onto each picture as it could be done by an interested
exhibition designer based on the spatial factors only, without consid-
ering demographic data unavailable to a museum prior to the launch
of the art show. These predictions will be called ‘practical’, as they
could potentially deliver a simple, straightforward estimation of the
cognitive impact spatial layout might have on the gallery visitors. The
following ‘practical’ version of the model was proposed for Number
of Dwells variable2:

log(No. of Dwells) ⇠ VCA + Iso. Jaggedness +
Potential CoVis. + size(cm2) + (1|loc) + (1|ids)

Model 23.1: Logarithm of Number of Dwells (‘practical’)

Normality and homoscedasticity of residuals of the final model
were not violated, although a single residual outlier was present.
Kappa score was 2.6, Marginal R2 was 0.05 and Conditional R2 was
0.48. Table 23.1 describes the model in detail. Only size demonstrated
a significant fixed effect.

To determine the best-fit model, the following predictors were entered:

log(No. of Dwells) ⇠ Potential CoVis. + VCA +
Iso. Jaggedness + size + type + LUX +
View. Sequence + Time Spent Inside +
age + gender + (1|ids) + (1|loc) +
Potential CoVis .( factorial )*(Iso. Jaggedness +

2 Note that the random-effect of by-participant variability was kept even in the ‘prac-
tical’ prediction. Running a model which is not ‘aware’ of the by-participant simil-
arities in the data at hand would violate the statistical assumption of the test. Sim-
ultaneously, a random-effect factor does not contribute to the model’s Marginal R2

value, thus allowing us to establish the effect size being of interest. It represents the
fact, that the curator would not know the exact by-participant differences, but can
expect the dwell numbers to be correlated within subjects.
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Model 23.1
(Intercept) 2.34 (0.11)⇤⇤⇤

VCA �0.06 (0.06)
Iso. Jaggedness 0.08 (0.06)
Potential CoVis. 0.01 (0.06)
size 0.11 (0.05)⇤

AIC 209.66

BIC 234.79

Log Likelihood -96.83

Num. obs. 171

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.02

Variance: ids.(Intercept) 0.09

Variance: Residual 0.13

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.1.: Model 23.1.

size + LUX + Time Spent Inside + age)

Model 23.2: Logarithm of Number of Dwells (preliminary formula)

subject to the stepwise model selection, the following formula was
established as the one best-predicting the logarithmic (+1) transform-
ation of Number of Dwells:

log(No. of Dwells) ⇠ size + View. Sequence +
Time Spent Inside +gender + (1|ids) + (1|loc) +
Potential CoVis .( factorial )*age

Model 23.3: Logarithm of Number of Dwells (preliminary formula)

However, despite the significant impact of VCA adding Isovist Area
as a predictor improved the general fit of the model (indicated by a
lower AIC value). Lastly, accounting for the percentage of the time
inside the gallery that each visitor spent fixating on other people fur-
ther increased the fit of the model3. This resulted in the following
best-fit formula:

log(No. of Dwells) ⇠ Isovist.Area + size +
View. Sequence + Time Spent Inside +
gender + Norm. Time on People +
(1|ids) + (1|loc) + Potential CoVis.( factorial )*age

Model 23.4: Logarithm of Number of Dwells

3 Normalised Time on People variable is calculated based on the cumulative number of
seconds one has spent fixating on other people divided by the total time spent inside
the gallery by this participant.
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23.2 visual attention

Model 23.4
(Intercept) 2.53 (0.10)⇤⇤⇤

Isovist.Area 0.16 (0.07)⇤

Potential CoVis.(factorial)low 0.17 (0.13)
View. Sequence �0.02 (0.01)⇤⇤

Time Spent Inside 0.26 (0.03)⇤⇤⇤

gender-male 0.17 (0.08)⇤

Norm. Time on People �0.03 (0.02)⇤

age �0.04 (0.04)
Potential CoVis.f-low:age �0.12 (0.05)⇤

AIC 170.83

BIC 208.46

Log Likelihood -73.41

Num. obs. 170

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.02

Variance: ids.(Intercept) 0.00

Variance: Residual 0.10

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.2.: Model 23.4.

Distribution of residuals was normal and homoscedastic. Kappa
score was 5.4, Marginal R2 was 0.50. Conditional R2 was 0.54, meaning
that very little by-subject and by-location random variance remained
unexplained. Similar Marginal and Conditional R2 values suggest
that the fixed-effect factors would perform similarly well in a simple
linear model, without considering the random component. Table 23.2
describes the model in detail and Figure 23.2 visualises the effects.

For the ‘practical’ prediction of Total Dwell Time, the following model
was proposed based on the results of the previous studies:

log(Total Dwell Time) ⇠ VCA + Iso. Jaggedness+
Potential CoVis. + size + (1|loc) + (1|ids)

Model 23.5: Logarithm of Total Dwell Time (‘practical’)

It had a normal and homoscedastic distribution of residuals, Kappa
value of 2.6, Marginal R2 of 0.11 and Conditional R2 equal to 0.54.
Table 23.3 describes the model. Potential Co-Visibility was the only
non-significant fixed effect.

The best-fit model established for logarithmic (+1) transformation
of Total Dwell Time was:

log(Total Dwell Time) ⇠ VCA + View. Sequence +
Iso. Jaggedness + size(cm2) + Time Spent Inside +
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Figure 23.2.: Visualisation of the effects for Model 23.4.
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23.2 visual attention

Model 23.5
(Intercept) 3.30 (0.21)⇤⇤⇤

VCA �0.20 (0.08)⇤

Iso. Jaggedness 0.21 (0.08)⇤⇤

Potential CoVis. �0.04 (0.08)
size 0.32 (0.06)⇤⇤⇤

AIC 392.95

BIC 418.08

Log Likelihood -188.47

Num. obs. 171

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.02

Variance: ids.(Intercept) 0.37

Variance: Residual 0.41

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.3.: Model 23.5.

(1 | ids) + Potential CoVis.( factorial )*age
Model 23.6: Logarithm of Total Dwell Time

Homoscedasticity assumption was not violated, although it was
heavy-tailed due to 2 outlying data points4. The effect size of ET Se-
quence was negligible but excluding it would significantly decrease
the overall fit of the model. Substituting VCA with Isovist Area did
not significantly improve the fit of the model. Kappa score was 5.1,
Marginal R2 was 0.53 and Conditional R2 was 0.59. Considering fixa-
tions on other people did not improve the fit. Consult Table 23.4 for
the statistics and Figure 23.3 for visualisation of the significant effects.

Just like in Experiments 1 and 2, Picture-Switching and Long-to-Short
Dwell Ratio were analysed as key variables describing the dynamics of
eye movement. Firstly an attempt was made to make a ‘practical’ pre-
diction of the Picture-Switching ratio. Based on the previous findings,
the following model was proposed:

Picture -Switching ⇠ Potential CoVis. + VCA +
(1|ids) + (1|loc)

Model 23.7: Picture-Switching ratio (‘practical’)

Residuals’ distribution was homoscedastic. Kappa score was 2.1,
Marginal R2 was 0.1 and Conditional R2 was 0.51. Both fixed-effect
factors were significant or approaching significance. Table 23.5 presents
detailed statistics.

The best-fit model for the data available was:
4 Linear mixed-effect models have been shown to be robust under this violation

(Winter, 2013).
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Figure 23.3.: Visualisation of the effects for Model 23.6.
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23.2 visual attention

Model 23.6
(Intercept) 3.55 (0.13)⇤⇤⇤

VCA �0.14 (0.07)⇤

View. Sequence �0.03 (0.01)⇤

Iso. Jaggedness 0.24 (0.06)⇤⇤⇤

size 0.34 (0.05)⇤⇤⇤

Time Spent Inside 0.51 (0.09)⇤⇤⇤

Potential CoVis.(factorial)low 0.08 (0.13)
age 0.20 (0.10)⇤

Potential CoVis.(factorial)low:age �0.19 (0.09)⇤

AIC 354.70

BIC 389.19

Log Likelihood -166.35

Num. obs. 170

Num. groups: ids 9

Variance: ids.(Intercept) 0.05

Variance: Residual 0.33

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.4.: Model 23.6.

Model 23.7
(Intercept) 0.49 (0.04)⇤⇤⇤

Potential CoVis. 0.08 (0.03)⇤

VCA �0.07 (0.03)⇤

AIC -95.21

BIC -76.40

Log Likelihood 53.61

Num. obs. 170

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.01

Variance: ids.(Intercept) 0.01

Variance: Residual 0.02

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.5.: Model 23.7.
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Figure 23.4.: Visualisation of the effects for Model 23.8.

Picture -Switching ⇠ Potential CoVis .( factorial )+
LUX + age +(1 | ids) + (1 | loc) +
Potential CoVis.( factorial )*LUX

Model 23.8: Picture-Switching Ratio

The distribution of residuals was homoscedastic, Kappa score was
4.3, Marginal R2 was 0.21 and Conditional R2 was 0.52. Consult
Table 23.6 and Figure 23.4 for the results. Considering fixations on
other people or Isovist Area did not improve the overall fit.

The attempt to make a ‘practical’ prediction of Long-to-Short Dwell
ratio was made with the following model based on the previous find-
ings:

Long -Short Dwell Ratio ⇠ VCA + Iso. Jaggedness +
Potential CoVis. + size(cm2) + (1|ids) + (1|loc)

Model 23.9: Long-to-Short Dwell Ratio (‘practical’)

resulting in a Kappa score of 2.6, Marginal R2 of 0.05 and Condi-
tional R2 of 0.19. The distribution of residuals was homoscedastic.
Only the fixed-effect of size was significant.

The best-fit model was a simplified version of the one above and
described by the formula:

Long -Short Dwell Ratio ⇠ Potential CoVis.( factorial) +
size(cm2) + (1|ids)

Model 23.10: Long-to-Short Dwell Ratio

for which Kappa score was 2.3, Marginal R2 was 0.05 and Condi-
tional R2 was 0.19. The residuals’ distribution was homoscedastic.
Considering fixations on other visitors and Isovist Area did not improve
the overall fit. Please consult Table 23.7 and Figure 23.5 for the de-
tailed results and effect sizes.
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23.2 visual attention

Model 23.8
(Intercept) 0.46 (0.04)⇤⇤⇤

Potential CoVis.(factorial)low �0.04 (0.06)
LUX 0.09 (0.04)⇤

age �0.06 (0.02)⇤⇤

Potential CoVis.(factorial)low:LUX �0.17 (0.06)⇤⇤

AIC -90.79

BIC -65.70

Log Likelihood 53.39

Num. obs. 170

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.01

Variance: ids.(Intercept) 0.00

Variance: Residual 0.02

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.6.: Model 23.8.

Figure 23.5.: Visualisation of the effects for Model 23.10.
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Model 23.10

(Intercept) 0.22 (0.02)⇤⇤⇤

Potential CoVis.(factorial)low 0.04 (0.02)⇤

size 0.02 (0.01)·

AIC -193.54

BIC -177.86

Log Likelihood 101.77

Num. obs. 170

Num. groups: ids 9

Variance: ids.(Intercept) 0.00

Variance: Residual 0.01

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.7.: Model 23.10.

23.3 recognition memory

Following the analysis presented in the previous section, we will first
make an attempt to make a ‘practical’ prediction of the memory per-
formance relevant to each picture, as it could be done by an interested
curator. This means, we will only consider spatio-visual predictors
which could be available to a curator during the design process and
we will only use factors which have been shown to have a significant
influence on RT in the previous analyses. The following formula can
be derived:

RT(inv) ⇠ Time Spent Inside + VCA + size(cm2) +
RTtrial + proceedingRT + proceedingRTacc+
(1|ids) + (1|loc)

Model 23.11: Recognition Times (inverted / ‘practical’)

Kappa score was 8.3, Marginal R2 was 0.05 and Conditional R2 was
0.4. Table 23.8 describes the model in detail. No factors other than
Proceeding RT reached significance. The majority of variance was ex-
plained by random effects of location and participant.

About 90% of all answers given in the Recognition Memory test
were correct (possibly due to large differences between ‘correct’ and
‘false’ stimuli; see Appendix E). As the RT accuracy measure was
already considered unreliable in Experiment 2 (where the ratio of
correct responses was lower), its analysis here is omitted. It is very
likely that the incorrect 10% of answers represent outlying cases and
not the true estimate of participants’ Recognition Memory.

The ‘practical’ prediction however can be expanded on a limited
subset of participants whose eye-tracking recordings were available.
The following model was established as most accurate, based on a
step-wise model selection procedure and AIC-criterion:
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23.4 spatial memory

Model 23.11

(Intercept) �0.65 (0.28)⇤

Time Spent Inside �0.02 (0.13)
VCA �0.03 (0.10)
size �0.14 (0.10)
RTtrial 0.07 (0.05)
proceedingRT �0.02 (0.07)
proceedingRTacc-TRUE 0.63 (0.25)⇤⇤

AIC 706.63

BIC 742.04

Log Likelihood -343.31

Num. obs. 255

Num. groups: loc 19

Num. groups: ids 16

Variance: loc.(Intercept) 0.15

Variance: ids.(Intercept) 0.21

Variance: Residual 0.67

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.8.: Model 23.11.

RT(inv) ⇠ View. Sequence + Targeted CoVis.factor +
type + Time Spent Inside + Norm. Time on People+
RTtrial + proceedingRT + (1|ids) + (1| loc)

Model 23.12: Reaction Times (inverted) with respect to Eye
Movement

Its Kappa score was 5.3, Marginal R2
0.23 and Conditional R2 equalled

0.35. Table 23.9 describes the model and Figure 23.6 presents the res-
ults visually.

The strongest effect was caused by type of the artwork - sculpture-
like installations were remembered best, and those enclosed behind
a glossy surface, the worst. The second strongest effect was caused
by ET sequence although there was no clear ‘primacy effect’ visible
(Figure 23.7).

Including Isovist Area or substituting it for VCA did not improve
the fit of any of the models.

23.4 spatial memory

Participants have correctly placed 43% of all artworks back on their
correct walls in the Miniature Task. Two logit mixed-effect models
were built to explain this result. Firstly, a ‘practical’ model based on
spatio-visual factors only was fit into the data:

BttW ⇠ Targeted CoVis.. factor+ VCA + size +
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Figure 23.6.: Visualisation of the effects for Model 23.12.
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23.4 spatial memory

Model 23.12

(Intercept) �0.18 (0.25)
View. Sequence �0.05 (0.01)⇤⇤

Targeted CoVis..flow 0.20 (0.15)
typepainting 0.52 (0.22)⇤

typesculpture 0.99 (0.30)⇤⇤

Time Spent Inside 0.24 (0.15)
Norm. Time on People �0.36 (0.14)⇤

RTtrial 0.14 (0.07)⇤

proceedingRT �0.16 (0.09)·

AIC 422.32

BIC 458.45

Log Likelihood -199.16

Num. obs. 150

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.01

Variance: ids.(Intercept) 0.11

Variance: Residual 0.69

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.9.: Model 23.12.

Figure 23.7.: Recognition Memory performance plotted against view-
ing sequence.
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Model 23.13

(Intercept) �0.87 (0.34)⇤

Targeted CoVis..flow 1.06 (0.43)⇤

VCA 0.36 (0.22)·

size �0.06 (0.18)
Time Spent Inside 0.33 (0.25)
AIC 394.49

BIC 420.51

Log Likelihood -190.24

Num. obs. 304

Num. groups: loc 19

Num. groups: ids 16

Variance: loc.(Intercept) 0.27

Variance: ids.(Intercept) 0.69

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.10.: Model 23.13.

Time Spent Inside + (1|ids) + (1|loc)

Model 23.13: Back-to-the-Wall Ratio (‘practical’)

Its Marginal R2 was 0.07 and ˆConditional R2
0.28. Two factors

were significant (or approaching significance): Targeted Co-Visibility
(measures as ‘low’ or ‘high’) and VCA. Table 23.10 presents the results
in detail.

Further, another model was constructed in order to account for the
eye-tracking data available for a subset of all participants and shed
more light on the results. The model was described by the following
formula:

BttW ⇠ log(Quantity of ET) + Long -Short Dwell Ratio +
Picture -Switching + View. Sequence +VCA + gender +
Iso. Jaggedness + Targeted CoVis.. factor+ size(cm2) +
age + Time Spent Inside + Norm. Time on Sculptures +
Norm. Time on People + (1|ids) + (1|loc)

Model 23.14: Back-to-the-Wall Ratio with respect to Eye Tracking

It achieved Marginal R2 of 0.30 and Conditional R2 of 0.36. Of
factors of interest, Quantity ET reached significance, meaning that the
more participants looked at a particular picture, the more likely they
were to place it back on the correct wall in the subsequence Miniature
Task. Table 23.11 describes the results.

Analysis of Miniature Task video sequences revealed no significant
predictors.
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23.4 spatial memory

Model 23.14

(Intercept) �6.51 (2.45)⇤⇤

log(Quantity of ET) 0.70 (0.27)⇤⇤

Long-Short Dwell Ratio 1.83 (1.60)
Picture-Switching �1.64 (1.13)
View. Sequence 0.01 (0.05)
VCA 0.12 (0.41)
Iso. Jaggedness 0.08 (0.30)
Targeted CoVis..flow 0.26 (0.60)
size �0.14 (0.25)
gender-male 1.21 (0.67)·

age 0.40 (0.34)
Time Spent Inside �0.32 (0.36)
Norm. Time on Sculptures 0.08 (0.05)·

Norm. Time on People 0.04 (0.13)
AIC 227.08

BIC 277.25

Log Likelihood -97.54

Num. obs. 170

Num. groups: loc 19

Num. groups: ids 9

Variance: loc.(Intercept) 0.09

Variance: ids.(Intercept) 0.20

Variance: Residual 1.00

⇤⇤⇤p < 0.001, ⇤⇤p < 0.01, ⇤p < 0.05, ·p < 0.1

Table 23.11.: Model 23.14
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D I S C U S S I O N

This section will review the results of the BALTIC Case Study in re-
lation to the hypotheses stated previously in Sections 12 and 17.6, as
well as to the results of Experiments 1 and 2. The review is based
on the structure introduced in the previous discussion sections and—
where possible—generic interpretations will be made in considera-
tion to all three studies introduced in the thesis.

It is important to once again emphasise that the Case Study did not
provide the opportunity to randomise the picture sequences. There-
fore the ability to differentiate between the influence of space and the
influence of pictures is limited and only the effects most prominent
statistically can be analysed with confidence. This is especially the
case when to consider the differences in the size and content of art-
works displayed within the exhibition. It has been shown previously
how these impact viewing times (e.g. Brieber et al., 2014). However,
building on the findings from Experiment 1 and 2, the impact of se-
lected spatial factors can be nevertheless expected.

24.1 visual attention

Similarly to Experiments 1 and 2, the distribution of dwell lengths
confirmed the division suggested in Hypothesis (A1) between a quick
scanning of an artwork and its longer, presumably more diligent ex-
amination. As it has been shown in Section 4.4, such distinction is
not new and has been made previously both in laboratory-based eye-
tracking experiments in aesthetics, as well as observational in-the-
wild studies of museum visitors. Most recently, this distinction has
been revisited and formally quantified by Krejtz et al. (2014). The
authors build on the seminal work by Velichkovsky et al. (2005),
who distinguished between ambient and focal mode of oculomotor
behaviour corresponding to the neural correlates of information pro-
cessing. In this classification, ambient mode is characterised by short
fixations and long saccades, and focal mode by longer fixations and
shorter saccades. Krejtz et al. (2014) provide a metric which distin-
guishes between these modes of viewing based on mean values of
fixation and saccade lengths. Velichkovsky et al. (2005) also linked
focal viewing mode with enhanced Recognition Memory. The res-
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ults presented in the current thesis are in line with this classification,
even though they are not built around the units of ‘fixations’ and ‘sac-
cades’, but dwells, dwell lengths, and picture-switching ratio. Each dwell
consists of multiple fixations and those can belong to either focal or
ambient viewing mode. And yet, on the more generic level, human
oculomotor behaviour seems to exhibit similar patterns. For instance,
less dynamic viewing behaviour has been correlated with better spa-
tial memory in Experiment 2. The technological limitations of Mobile
Eye-Tracking technology employed in this thesis does not make it
possible, however, to directly compare it to the work of Velichkovsky
et al. (2005). Nevertheless, this experimental set-up provides a more
robust real-life confirmation of the concept than observational visitor
studies (J. K. Smith & Smith, 2001) and preliminarily suggests that
low-level distinction between viewing modes translates to more gen-
eric one.

Even under radically different viewing conditions: a larger floor
area, larger number of more diverse stimuli, and curated, deliberate
artistic intentions underlying the artworks’ layout compared to Exper-
iments 1 and 2, there was not enough evidence to reject Hypothesis
(A2). It stated—based on the works of J. K. Smith and Smith (2001)
and Locher et al. (2007)—that despite high variability, the average
viewing time of an artwork in a gallery typically is close to 30 seconds.
Due to noticeable cross-individual differences in this pattern, it would
be an overstatement to say that half a minute is a period after which
each painting is typically considered ‘viewed’. These periods vary
within population and—as we have demonstrated already—can be
affected by the spatial positioning of artworks. However, these influ-
ences seem to balance each other out and reach an overall average
close to 30 seconds. Most interestingly, the content of individual pic-
tures as well as an underlying curatorial intent in their positioning
seemed to have little impact on how much time visitors are willing
to devote to individual works. Considering the results of Brieber et
al. (2014) and Tröndle, Greenwood, Bitterli and van den Berg (2014)
regarding the influence of the museum context on increased viewing
times, the findings of the current thesis do not confirm their gen-
eralised interpretations. Brieber et al. (2014) suggested that longer
viewing inside a gallery compared to a computer screen-based vir-
tual exhibition is the effect of stronger ‘museum context’. Such inter-
pretation would imply that as the viewing situation becomes more
‘museum-like’, the average viewing times increase. Three studies
presented in the current thesis can be interpreted along this category.
For example, artworks in Experiment 2 were exhibited in space which
clearly is a psychological laboratory. Participants were required to
visit a university building, marked as a research facility. The gallery
was constructed from portable wall segments, it contained multiple
security cameras, and a one-way mirror. Following the study, some
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participants made comments about the limited feeling of ‘museum-
ness’ they experienced inside. It might not be an exaggeration to say
that this space had as little ‘museum context’ in it, as it is possible for
a large, rectangular room containing art hanging on otherwise empty
walls.

On the contrary, Experiment 1 must have ranked higher on that
comparison, as the space there used was a ‘training’ art gallery, used
by Fine Art students as studio space and exhibition showroom for
their yearly degree show. The building was located at a university
campus but was related—by name and function—to the building oc-
cupied by Fine Arts department. The corridors were filled with fly-
ers advertising older art events, and the white concrete walls of the
gallery had some degree of ‘museum-ness’ in it, even if it could be
considered ‘improvised’, or ‘amateur’. This might be the reason for
which no comments on the space’s suitability were noted during de-
briefing. And finally, the last study took place at a world-class con-
temporary art facility, leaving no doubt to the extent of ‘museum con-
text’ projected by the host institution. Participants knew they are in a
well-known art gallery occupying one of the most prestigious build-
ings in the city. And yet, contrary to Hypothesis (D2), differences in
average viewing times failed to reach statistical significance (compare
Figure 23.1, p. 286), even despite the fact that BALTIC contained mul-
tiple large artworks, which typically require longer viewing (Brown
& Farha, 1966). Additionally, if to consider the fact that apart from
spatial layout and the content of art, its number in each study was
also different, Hypothesis (B3) stands. It was based on the statement
made by Robinson (1928), who suggested that the cumulative view-
ing times do not decrease proportionally to the number of artworks
present in the gallery. Even though the experiments presented in the
current thesis cannot be directly compared, Total Dwell Times seemed
to be little affected by the changing number of artworks requiring
viewing. The reader should consider however, that this is still a spec-
ulative statement, as too many factors differed individual viewing
situations. Most importantly, even if the observed difference in means
was true, it would fail to reach statistical significance due to the little
sample size and large standard error, especially in the BALTIC Case
Study. Hence, all can be said with certainty is that comparing three
studies described in this thesis did not show a convincing evidence
that average viewing times per picture differ across museum-like en-
vironments.

In relation to the results described by Brieber et al. (2014), it seems
that what increased viewing times in their experiment might not be
exclusively the ‘museum context’. One aspect that was not considered
by the authors is the spatial nature of that experience. Compared to a
computer-based viewing, engaging with art inside a gallery requires
locomotion, head movement, and orientation (wayfinding) inside it.

305



discussion

During a computer-based viewing, bodily movement is severely lim-
ited, and the amount of required navigation—at least in the computer
application used in the aforementioned study—reduced. Not only
three-dimensional exploration activates qualitatively different spatial
cognition mechanisms, but also results in more diverse visual engage-
ments (in terms of the angles and distances at which they occur).
One could say that such engagements are ‘less efficient’ compared
to the straight-on viewing of a computer screen from a chair located
in front of it, and that this lack of efficiency possibly increases the
time required to process the work to the satisfactory level. However,
this cannot be stated without considering wider curatorial interpret-
ation of the problem, namely the fact that diverse viewing and the
spatiality of the museum experience is a crucial part of that aesthetic
experience (Stavroulaki & Peponis, 2003; Newhouse, 2005).

We almost never come to art galleries with the aim of processing
the hosted artworks as fast as it is possible. Quite the opposite -
art galleries remain the place one visits to contemplate with little
pressure of time. Tröndle, Greenwood, Bitterli and van den Berg
(2014) suggests that the viewing times might be the result of the
‘aesthetic viewing mode’ one enters by passing the gallery door. If
true, this statement would suggest that the ‘aesthetic viewing mode’
was equally-well achieved in all three studies presented in this thesis.
Considering that some of them (especially Condition 1 in Experi-
ment 2) carried very limited associations with a real museum insti-
tution, it can be concluded that the ‘aesthetic viewing mode’ is a
matter of attitude. Seeing pictures hanging on empty walls, and will-
ing to engage with them is enough to trigger this generic pattern
of viewing behaviour. And yet, it is questionable whether similar
attitude can be achieved in front of a computer screen (Brieber et
al., 2014) where no spatial context is present. An interesting depth
to this issue could be provided by a study allowing participants to
walk freely in a virtual art gallery whilst wearing a head-mounted
display. Does the spatial context of viewing and the limited feeling
of virtual presence suffice to simulate a real art exhibition? With the
raising popularity of augmented reality technology inside museum
institutions (Wojciechowski, Walczak, White & Cellary, 2004) ‘virtual
home theatres’ hosting personally-tailored world-class art exhibitions
at little cost could enormously improve the accessibility and reach
of the arts. One emerging responsibility of researchers in the field
of experimental aesthetics is to investigate if (and how) this process
can occur without depreciating the cognitive depth of the experience.
The recently revised issue of multisensorial character of the museum
experience (Levent & Pascual-Leone, 2013b) can be one of the main
challenges.

Hypothesis (B1), referring to the task-specific oculomotor beha-
viour occurring naturally inside a gallery could not be reliably con-
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firmed with the method previously used in Experiments 1 and 2. The
reason for this is the presence of sculptures inside the BALTIC ex-
hibition which constitute a legitimate target for the visitors’ visual
attention inside the gallery, even though they are not located on flat
wall surfaces. The eye-tracking technology used in the study does
not make it possible to reliably estimate where eye fixations would
fall in an empty three-dimensional space if there were any sculptures
located ‘on its way’. The coding procedure employed in this thesis
only makes it possible to estimate the ‘ending point’ of each eye gaze
- i.e. a wall surface or a solid object.

While it would be a much biased approach to exclude sculptures
from the analysis of task-specific oculomotor behaviour, including
them in a reliable manner was impossible with the use of the meth-
ods available. The estimations performed in Experiments 1 and 2

involved making predictions of where an eye gaze should fall if this
fact was determined by visibility and size of individual wall segment
only. To perform such a comparison with relation to sculptures, vis-
ibility of all grid cells within the navigable floor surface area would
have to be considered (and not only of those adjacent to wall surfaces).
Further, comparing these visibility values with the actually observed
eye movement would only be possible if the eye movement data con-
tained information about grid cells through which the eye sight ‘trav-
elled’ to reach its final fixation point. This information would de-
scribe how probable it was to fixate on a three-dimensional sculpture
if the eye gaze was deployed at random directions. One possible solu-
tion to this problems are ‘sight vectors’ proposed by Müller-Feldmeth
et al. (2014), although at the current stage of development the method
remains unfeasible for larger-scale studies, as it lacks automatisation.
Having discussed these technological limitations we should still con-
sider, however, that fixations on empty wall segments or people (i.e.
non-artworks) constituted only 15% of all dwell time recorded in the
BALTIC study. Considering that pictures jointly occupied 24% of
all walls’ surfaces and all sculptures and display cabinets only 2%
of the total floor area, there is little doubt that participants of the
BALTIC study engaged in a task-specific visual behaviour of viewing
artworks, as it was predicted by Hypothesis (B1).

Turning to the measures describing the quantitive aspects of visit-
ors’ eye movement, Model 23.4

log(No. of Dwells) ~ Isovist.Area + size + View. Sequence + t
ime.spent.inside+ gender + Norm. Time on People +
(1|ids) + (1|loc) + Potential CoVis.(factorial)*age

best explained Number of Dwells deployed to individual pictures.
As it shows, females performed less dwells on average and older par-
ticipants performed less dwells on pictures of lower Co-Visibility. In-
terpersonal differences, however, should be interpreted with caution
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due to a limited number and variability of participants for whom the
eye-tracking data was valid. Unsurprisingly, Number of Dwells rose
with Time Spent Inside. Participants who spent larger proportion of
their time inside fixating on other people, performed smaller Number
of Dwells per artwork which suggests, that looking at other visitors
was not performed ‘in addition’ to regular viewing, but that it has
‘stolen’ dwells which would otherwise most likely be devoted to art-
works.

The lack of significant influence of Potential Co-Visibility is consist-
ent with the findings from Experiment 1, where Co-Visibility did not
affect the quantity but only the dynamics of the oculomotor beha-
viour.

Pictures larger in size and having larger Isovist Areas attracted more
dwells. The fact that Isovist Area was a predictor performing much
better than the artworks’ VCA is contrary to the results found in
Exp. 1 and has been suggested as a potential explanation of the results
of Experiment 2. As we noted in the relevant sections, the data ob-
served seems to suggest that participants in Experiment 1 consciously
directed their eye movement towards pictures of larger VCAs, poten-
tially avoiding less comfortable visual interactions at more oblique
angles. In Experiment 2 higher Number of Dwells could be linked
either to larger Isovist Areas or Co-Visibility, but it was more the re-
strictive characteristic of space containing wall partitions that limited
the occurring Number of Dwells, rather than some factors in the al-
ternative condition that increased them to an unusual level. Inside the
BALTIC, Isovist Areas are a much better predictor of this eye-tracking
measure than Visibility Catchment Areas. One suggested explanation
of this phenomenon is that the space in the gallery here analysed ex-
hibited a very specific spatial pattern. Namely, it consisted of three
main sub-spaces of varied size and regular rectangular shape. As
a result, visibility properties of all paintings located inside a single
sub-space were very similar while average visibility properties of art-
works located in separate sub-spaces were distinct. This low within-
subspace variability and high across-subspace variability has a pro-
found influence on the visual choice potentially available to a visitor
exploring the gallery.

Since a walking person spends the majority of the time in a single
subspace only (and relatively short periods of time in the transition
zones between them), the possibility of directing one’s eye-movement
towards pictures of larger VCA—as it seemed to be the case in Exper-
iment 1—is limited. The visual choice cannot be conducted based
on this criterion, as all artworks visually available in the surround-
ing space have almost identical VCAs. This means that even if the
explanation suggested following the Experiment 1 is correct, it could
not be verified in the space arranged by the curator for the analysed
BALTIC exhibition. This fact is supplemented by the specific spa-
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tial arrangement involving two narrow passages which are the only
transition zones between the mentioned sub-spaces. As a result, the
visitor is ‘forced’ to move along the side wall where he or she is more
likely to engage at oblique angles with pictures having the largest
Isovist Areas (i.e. the ones hung at or near the transition zones). We
can summarise this by noting that visibility of artworks plays a ma-
jor role in how many dwells are directed towards them. What ex-
act measures of visibility are a better predictor of this behaviour, de-
pends however on the generic context of the experience and the phys-
ical possibilities given by the space to the visitor freely exploring the
space. When larger diversity between available visual targets exists,
and the space puts limited restrictions on the patterns of exploration
(e.g. by making it possible to approach transition zones at multiple
angles), in the context of an art gallery visit, ‘top-down’ decision mak-
ing seems to guide the number of dwells towards more comfortably
exposed pictures. This property of space can, however, be restricted
by the designer (purposefully or not) on the level of not local visibil-
ity properties, but global relations between separate sub-spaces and
consequently imposed walking trajectories.

Model 23.6:

log(Total Dwell Time) ~ VCA + View. Sequence + Iso. Jaggedness +
size + Time Spent Inside + (1 | ids) +
Potential CoVis.(factorial)*age

best described factors significantly impacting Total Dwell Time. Lar-
ger Isovist Jaggedness (despite low variability, thus against Hypothesis
F1), and larger Picture Size, as well as Time Spent Inside the gallery
all had positive impact on the cumulative dwell lengths devoted to
individual artworks. Additionally, larger VCAs were associated with
a decrease in Total Dwell Time per picture. Possibly, more comfort-
able viewing conditions provided by large VCA and small Jaggedness
decreased the time required to process the artwork to a satisfactory
level.

Moreover, older participants spent more time looking at highly
co-visible pictures while there was no interaction with age for less
co-visible ones. In line with the previous expectations described in
Hypothesis (F2), Picture Size again had the highest impact on the ocu-
lomotor behaviour. At least two explanations are possible: that it can
(a) suggest special importance of an artwork, and/or (b) simply re-
quire more viewing for satisfactory cognitive processing to take part.

As none of the pictures were isolated ‘completely’, Hypothesis (B4)
based on the statement made by Robinson (1928) could not have been
tested.

In relation to Total Dwell Time, negligible remaining random by-
item variability demonstrated that size together with spatial meas-
ures included in the model comprehensively described the differ-
ences between individual locations. Selecting measures based on
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the exploratory Experiment 1 has proven beneficial in the context
of a working gallery’s case study. This does not mean that there
are no other differences in content and location of artworks which
would affect visual attention. It means however, that those differ-
ences which remain unaccounted for, do not generalise well across
individual experiences. It must be noted, that the sample size of this
case study was relatively small, and a significant random by-item
variability would be expected in larger sample sizes. Yet, it appears
that isovist-derived measures and size of the artworks were able to
capture the most noticeable reasons for this variation.

Similarly to the previous two studies, ET Sequence had a statist-
ically significant, but negligible negative effect on the quantity of
visual attention devoted to each location. The ‘museum fatigue effect’
therefore seems to be stable, but much less impactful than it could
be expected based on the existing literature. As the measure was
used for controlling purposes only and does not contribute to path-
independent spatial factors being in the centre of this thesis’ focus, its
further role will not be investigated in detail.

Hypothesis (B2) stated that pictures of larger VCA and Isovist Area
will gather more dwells and longer cumulative dwell times due to
the ‘top-down’ influence of perceived importance of those artworks.
This statement can only partially be confirmed. As it has been shown
above, it seems that the oculomotor behaviour inside a real, ‘messy’
art gallery is a mixture of the ‘top-down’ and ‘bottom-up’ influences.

To explain how the dynamics of the oculomotor behaviour was
affected, Picture-Switching ratio and Long-to-Short Dwell ratio were in-
vestigated. Model 23.8

Picture-Switching ~ Potential CoVis.(factorial)+ LUX + age +
(1 | ids) + (1 | loc) + Potential CoVis.(factorial)*(LUX+age)

showed that Picture-Switching Ratio decreased with age and increased
with lighting quality, but only for highly co-visible artworks. More
noticeable impact of spatial factors on this outcome measure was ex-
pected based on the results of Experiments 1 and 2. The lack of effect
might be the result of the spatial layout of this particular BALTIC
exhibition. As noted earlier, relatively similar within-subspace vis-
ibility properties, as well as regular, uniform hanging distribution
utilising all wall surfaces with a similar density might have caused
Picture-Switching ratio to be much less predictable based on the ana-
lysed spatial characteristics.

Long-to-Short Dwell ratio was best described by the Model 23.10:

Long-Short Dwell Ratio ~ Potential CoVis.(factorial)+
size + (1|ids)

Although its fixed-effect factors could only account for 5% of the
total variance, the random by-item effect was not significant and the
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random by-participant effect increased the percentage of variance ex-
plained only to 18%. This result may be due to the fact that the
general mean of Long-to-Short Dwell ratio in this study sample was
low and of a limited variation (M = .24; SD = .13). Still, participants
tended to use a higher proportion of long dwells to investigate those
pictures which were bigger and more isolated. The reason most likely
being that they might simply require longer dwells in order for their
entire content to be viewed (Brown & Farha, 1966) and lower po-
tential distraction makes it possible. As the main effect of Potential
Co-Visibility showed, higher Co-Visibility resulted in lower proportion
of long dwells, as it was predicted by Hypothesis (B5) and the results
of the previous studies.

The spatially-determined occurrence of ‘spotty-focused’ attention
in line with Hypothesis (B6) cannot be confirmed with full confidence
in the context of the BALTIC Case Study. Participant’s varied in the
dynamics of their oculomotor behaviour, but varied inconsistently in
respect to spatial factors proven to be impactful in the previous stud-
ies. Picture-Switching ratio was almost unpredictable and Long-to-Short
Dwell ratio was generally lower (0.24), compared to Exp. 1 (0.33) and
Exp. 2 (0.46). As the experiments are not directly comparable, little
can be said about this difference, except that whatever caused it might
have also affected participants’ memory and other aspects of the ex-
perience. A large, open-plan exhibition containing diverse artworks
arranged by a curator to generate a complex aesthetic experience was
explored through shorter visual interactions than a set of randomly
positioned, relatively similar artworks on a smaller floor surface area
in Experiments 1 and 2. So large differences across the studies per-
haps suggest, that the dynamics of the visual attention is generally
not very well predictable when the setting introduces variation only
in the location of artworks, but also in their size and content.

‘Practical’ predictions in all cases yielded lower Marginal R2 values
compared to the best-fit models, explaining at most 11% of the vari-
ance (in case of Model 23.5). It thus seems that effective modelling
of the influence of space on visitors’ visual attention cannot be per-
formed without estimating visit times and basic demographic charac-
teristics of the museum patrons, such as their age and visit lengths.
Much lower R2 values in models lacking these predictors can be ex-
plained by the nature of this statistical technique - a good statistical
model explains more than ‘sum of its parts’, as it considers multiple
factors having an effect on the outcome variable while being able to
correct for their influence on each other. For this reason, low R2 val-
ues of ‘practical’ predictions do not necessarily mean that the effect
of space on human eye movement inside art galleries is that small,
but that it is different for individual participants, and additional data
about their visit must support those estimations. In fact, this can
be less of an issue for a practitioner than it at first appears. Many

311



discussion

museum institutions typically monitor (in a more or less formal man-
ner) the numbers and general characteristics of their visitors, includ-
ing their average visit times. Some institutions, using an electronic
ticketing systems gather this data in real-time. Moreover, reliable es-
timations of visit lengths can be based on the known works relating
the average viewing times per picture (J. K. Smith & Smith, 2001;
Brieber et al., 2014) depending on the exhibition size (Serrell, 1997)
and walking speeds (Yoshimura et al., 2012). Combining this with
the known number of pictures present in the gallery might be able
to deliver reliable estimates of the distribution of visit durations for
the given exhibition. The technical details remain beyond the scope
of this thesis, but it is important to note how difficult it is to predict
the influence of space on human oculomotor behaviour without con-
sidering the most important agents of any visitor-artwork interaction:
the humans themselves.

24.2 recognition memory

The ‘practical’ prediction based only on spatial factors did not reach
significance in the Reaction Time data analysis. Large proportion of
the variance however (about 40%) was explained by the by-item and
by-participant variance. Available eye-tracking recording shed more
light on the individual differences in viewing strategies and made it
possible to establish clear relations between the predictors.

In Model 23.12 (p. 297), 5 factors reached significance. Firstly, type
of the artwork played a significant role in how well the work was
remembered. If to consider type as a measure of ‘salience’, this res-
ult could be related to Perceived Salience factor which was predicted
to have a significant impact on Recognition Memory (Hypothesis C2)
but had none in the previous two experiments. It is difficult, how-
ever, to generalise the influence of the artwork’s type beyond the par-
ticular cases included in this exhibition. This particular effect might
instead occur due to two factors: light being reflected on glossy sur-
faces might have jeopardised visual interaction with the artwork; and
a relatively small number of distinctive sculpture-like objects might
have created stronger memories among much larger number of ‘tra-
ditional’ paintings.

ET sequence also played a significant role in line with the ideas of
the ‘museum fatigue effect’. In general, pictures viewed later dur-
ing the visit were remembered worse. This finding contributes to
the debate on the justification for designing linear exploration paths
throughout the exhibitions where all participants are equally likely to
encounter some objects later in their visit. A gallery offering circular
movement would potentially distribute this probabilities in a more
balanced (although not random) manner throughout the space.

312



24.3 spatial memory

The more participants looked at other visitors, the worse their memory
of artworks was. This explanation is in line with the one presented
in the previous section, where it was suggested that the presence of
other people ‘steals’ fixations from the artworks. It appears that as
they ‘steal’ attention, the quality of cognitive processing also suffers
and artworks are worse memorised spontaneously. Those findings
also point to the importance of considering the social aspect of a gal-
lery visit. People influence other visitors and one is never able to
fully engage with an artwork as s/he would in an empty room. Since
art galleries are public spaces, the significance of considering the in-
fluence of other people during the design process should certainly be
greater.

Spatial factors did not reach significance in this model. This in-
cludes Targeted Co-Visibility, which in Hypothesis C1 was predicted to
decrease Recognition Memory performance but was shown to have
little influence under the presence of equal VCAs in Experiment 2.
The BALTIC Case Study results stay in line with those findings.

The non-significant impact of other spatial factors must be dis-
cussed with consideration to the research set-up employed in this
case study. Unlike in the two previous experiments, artworks inside
the BALTIC gallery were fixed to their individual locations. For this
reason, the effect of space on visitors’ memory cannot be separated
from the influence of individual pictures. And this by-picture impact
can manifest itself through two sets of very influential characterist-
ics: the ‘salience’ of an artwork (arising from its size, content, and
colouring relative to the nearby paintings) and the personal interest
generated by separate artworks in individual participants. To reach
significance under this research setting, spatial characteristics (such
as VCA; Hypothesis C6) would need to have an effect strong enough
even under the presence of such ‘noise’ in the prediction derived from
the by-painting differences. This is clearly not the case. The influ-
ence of space on visitors’ Recognition Memory is therefore relatively
subtle - it can only be generalised to a limited extent. Therefore the
role of space in the creation of the visitor’s experience—as previously
mentioned in Section 16.2—is indirect. Space makes it easier or more
difficult to create and sustain various types of visual engagement but
does not—on its own—‘guarantee’ stronger memories for all visitors.
Art and personal preference still seem to be the most important factors
affecting our art gallery experience.

24.3 spatial memory

The fact that Miniature Task video sequences could not have been pre-
dicted based on the available dataset puts in doubt the reliability of
this method in less restricted experimental conditions. Compared to
Experiment 2 (where Miniature Task sequence was linked with RT and
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Total Dwell Time), the Miniature Task presented to the participants of
the BALTIC Case Study contained no pre-indicated picture locations.
The number of the artworks and complexity of the layout (resulting
in more possible combinations) was also higher. As a result, it seems
that participants solved the Miniature Task in a less structured man-
ner, with no apparent logic to the sequence of the moves.

Spatial Memory performance measured by Back-to-the-Wall score
however was linked to spatial factors more than it was observed in
the previous 2 experiments. It was higher for those pictures which
had lower Targeted Co-Visibility, larger VCA, and were viewed more
(i.e. for longer and more often).

The inverted relation between Spatial Memory performance and
Co-Visibility contradicts Hypothesis C3 which predicted a positive im-
pact of this factor due to increased perceived spatial importance of
more co-visible paintings. As no evidence was found to support this
hypothesis in the previous experiments, in can be rejected. As it
has been discussed in Experiment 2, it seems that instead of increas-
ing Spatial Memory performance, highly co-visible exhibition set-up
might have a negative influence on this aspect, especially to a sub-
group of visitors performing less effectively in such an environment.
The effect was even stronger in a real-life exhibition set-up involving
highly diverse set of artworks. How decreased Spatial Memory per-
formance affects the holistic experience of an art gallery visit is an
issue which should be addressed in separate studies (see e.g. Lu &
Peponis, 2014).

Participants who spent larger percentage of their time investigating
other sculptures had higher scores on average, potentially indicating
that more interested visitors left with better spatial memories in gen-
eral.

In a larger exhibition space of the BALTIC, the dynamics of ocu-
lomotor behaviour had smaller impact on memory than it was the
case in more confined experimental spaces of the previous studies.
Memory for picture’s location was better if a painting was less co-
visible, although in the BALTIC Case Study this is also correlated with
earlier presence in the visitors’ viewing sequence. Such an interpret-
ation would remain in line with the results of Experiments 1 and 2

which did not show a linearly negative influence of Co-Visibility on
Spatial Memory. In fact, in some cases the opposite was true. The
true significance of this effect is even more doubtful when to consider
the analysis of spatial impact on visual attention in this study (Sec-
tion 24.1). In it, we have concluded that the setting of the gallery did
not clearly caused a ‘spotty-focused’ attention, and therefore a pre-
sumed influence of co-visibility would have to affect Spatial Memory
without affecting the dynamics of visual attention.

Positive impact of VCA however has been observed previously in
relation to Recognition Memory and linked with eased cognitive pro-
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24.3 spatial memory

cessing of paintings located within larger VCAs. Its impact on Spatial
Memory is an interesting finding, especially considering that Quant-
ity ET also had a significant effect (Hypothesis D4). As the analysis
of visual attention in Section 24.1 has shown, due to spatial arrange-
ment of the gallery VCA was not a good predictor of the total dwell
length falling on each artwork. A large proportion of viewing periods
therefore occurred at oblique angles, outside of ‘areas of comfortable
viewing’ described by VCAs. It appears that even those non-ideal
interactions increased the chance of correctly recalling the location
of separate paintings in the Miniature Task, while doing so within its
VCA could have contributed even further to strengthening this spatial
memory.
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25

S U M M A RY

25.1 contribution of this thesis

It has been mentioned on multiple occasions earlier in this thesis that
the two primary functions of spatial layout that can be considered
in a user-centric exhibition design is to strengthen the visitors’ focus
on artworks and to empower them to seek for linkages between sep-
arate artworks. In this section we will turn back to the previously
stated hypotheses created around these questions and review the de-
gree to which they could have been confirmed in each study. Not
all hypotheses were tested in each experiment. Especially when the
initial interpretation was fully convincing or where the study’s exper-
imental design was not fit-for-purpose. The revision is presented in
a table, with uppercase words indicating high level of certainty and
lowercase font symbolising room for verification in further work. The
‘u/t’ symbol stands for ‘untested’ and indicates instances at which
the given hypothesis could not be verified for the reasons mentioned
above. The reader should consider that due to the nature of the Null
Hypothesis Significance Testing theory, the lack of significant finding
is not statistically equivalent to the confirmation of the lack of such an
effect. In the table below therefore, those fields indicating ‘no evid-
ence’ by definition are much more uncertain than the ones where
statistically significant evidence has been found. Bold font marks
these hypotheses which were previously indicated as key original (as
opposed to confirmatory) contributions of the thesis. Following the
hypothesis summary in Table 25.1 further sub-sections will briefly
review the major limitations of this work.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
A1 - Eye movement on artworks can be dis-
tinguished between (a) getting a quick ‘gist’,
and (b) diligent examination of individual
pictures.

YES YES YES The division was clearly visible. Some spa-
tial conditions (e.g. Cond. 1 in Exp. 2) dis-
tinctively promoted longer dwells compared
to others.

A2 - Total Dwell Time per picture averages to
about 30 seconds.

YES YES YES Similarity of mean viewing times with those
suggested by unobtrusive visitor studies
demonstrates that the research procedure
closely simulated a ‘real’ art gallery visit.

A3 - The by-picture variance in Total Dwell

Times will be lower than the by-location
variance.

YES YES u/t Space, and not the content of artworks, had
the most profound influence on the meas-
ure considered in curatorial studies as a key
indicator of the visitor’s engagement.

A4 - Similarity of ‘exhibition visit scripts’ un-
dertaken by separate visitors varies across
spatial set-ups.

YES YES u/t

A5 - Number of Dwells and Total Dwell Time
should predict participant’s Spatial Memory
of individual objects, but not their Recogni-
tion Memory.

no no no With the exception of Spatial Memory in Ex-
periment 1, both memory measures were pre-
dicted by the quantity of visual engagement.
As the hypothesis was derived from a study
where participants spent only 5 seconds in-
vestigating the scene, the exact explanation
attached to this hypothesis seems not to be
applicable to the thesis’ findings.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
B1 - Visitors inside art galleries naturally
employ a distinctive viewing mode, under
which they fixate on artworks more, than it
could be predicted from the plain visibility
and surface area of those stimuli.

YES YES yes

B2 - More prominent locations (operation-
alised as those having larger Isovist Areas,
and larger VCA) attract longer Total Dwell

Lengths and higher Number of Dwells.

YES u/t yes The reason for this effect seems to be a
mixture of the ‘top-down’ and ‘bottom-up’
strategies and could have not been fully ex-
plained within the scope of this thesis.

B3 - Average Total Dwell Time per picture
does not decrease proportionally to the in-
creasing number of pictures inside the gal-
lery.

YES YES YES Only non-significant variations were ob-
served across the experiments.

B4 - ‘Complete’ isolation of a picture in-
creases its viewing times.

u/t no u/t The lack of effect in Experiment 2 might arise
from the lack of within-condition variation
in the isolation of separate pictures. The hy-
pothesis can still be true in more diversified
spatial settings.

B5 - Higher Co-Visibility will have a negative
impact on the proportion of long dwells.

YES YES YES

B6 - Higher Co-Visibility will cause higher
Picture-Switching (‘spotty-focused’ attention).

YES YES no The dynamics of oculomotor behaviour was
generally less predictable (i.e. consistently
dependent on the fixed factors) in the
BALTIC Case Study. Moreover, the occur-
rence of ‘spotty-focused’ attention was not
directly linked with the decreased memory
performance.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
B7 - Space has an equal influence on long

dwells and on short dwells.
yes NO u/t Radically different spatial arrangements in

Experiment 2 did not affect the number
of long dwells. More diligent visual en-
gagements are therefore to a smaller extent
guided by spatial factors.

B8 - Higher number of adjacent pictures re-
duces the number of long dwells.

u/t no u/t In all cases the variation in the predictor was
too small to verify the hypothesis.

C1- Increased Co-Visibility decreases Recog-
nition Memory performance.

yes NO no In Exp. 1 the effect found can be due to
the existing correlation between co-visibility
of paintings and their VCA. The set-up of
Exp. 2 ensured no such correlation.

C2 - Higher Perceived Salience of an art-
work is correlated with its higher Recognition
Memory.

no NO u/t It must be noted, that in BALTIC Case Study
no Salience Rating was included but two al-
ternative measures (size and type) were con-
sidered instead. Type of artwork had a sig-
nificant impact on Recognition Memory yet
it is difficult to generalise this effect beyond
the studied exhibition.

C3 - Higher Co-Visibility increases Spatial
Memory of artworks (possibly due to their
perceived spatial importance).

no no NO The opposite effect was observed. In the
experimental settings the effect was not
clearly destructive, but affected some group
of worse performing participants. In the
Case Study containing more diverse set of
artworks the effect was stronger and general-
isable across all participants.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
C4 - Higher Isovist Jaggedness results in better
Recognition Memory.

u/t u/t NO The hypothesis was not in the central interest
of this thesis and cannot be fully verified
in experimental settings which varied in so
many other spatio-visual measures (which
are deemed more important in curatorial lit-
erature).

C5 - Larger Isovist Areas causes better Recog-
nition Memory.

u/t NO no VCA has been a better predictor of Recogni-
tion Memory performance.

C6 - Larger VCA contributes to better Re-
cognition Memory performance.

yes YES no In the Case Study setting, the effect of
VCA was not strong enough to remain ob-
servable under high diversity of individual
pictures fixed to constant locations inside
the gallery. The predictor was also cor-
related with other visual features (such as
co-visibility and position in the viewed se-
quence).

C7 - According to the ‘serial position effect’
pictures seen as first are remembered better.
(RT /Spatial Mem.)

no /yes no /no no /no

C8 (Section 16.1) - Longer Total Dwell Times
will result in deeper cognitive processing
and contribute to better Recognition Memory.

YES YES no Compare to A5.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
D1 - Memory performance decreases with
age. (RT /Spatial Mem.).

NO /YES NO /NO NO Only under specific spatial circumstances
older participants seem not to be able to com-
pensate for decreasing cognitive perform-
ance with their viewing strategy. Strategy-
related factors (such as Time Spent Inside)
were much stronger predictors.

D2 - BALTIC Case Study will result in longer
average Total Dwell Time per picture due to its
stronger ‘museum context’.

- - NO The differences were not significant. The ar-
rangement of Exp. 1 and 2 seem to have cre-
ated a sufficient feeling of immersion into
the art gallery context.

D3 - Impact of space is higher on those parti-
cipant who stay in the gallery for longer.

YES u/t u/t Strong evidence of such relation on memory
in Exp. 1. The hypothesis cannot be con-
firmed in Exp. 2 due to very low by-location
variability within conditions. Cannot be veri-
fied in the BALTIC due to low sample size.

D4 - Longer viewing times positively influ-
ence memory performance.

YES YES YES

E1 - In Experiment 2, the dynamics of
visual attention will be higher in ‘high co-
visibility’ condition, but the quantity of the
attention deployed will not be affected.

- YES - Contrary to the previous literature (us-
ing less precise measurements) co-visibility

has been shown to affect how we look at
pictures, but not for how long.

E2 - Time spent inside will remain a strongly
influential factor in both radically different
conditions of Exp. 2.

- YES -

E3 - Perceived Salience will have a stronger in-
fluence in Exp. 2, where pictures were hung
interchangeably.

- NO - See comment to C2.
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Hypothesis Exp. 1 Exp. 2 BALTIC Comment
E4 - When VCAs are kept equal in Exp. 2,
no difference in Recognition Memory per-
formance will be observed.

- YES - See comment to C6.

F1 - Isovist Jaggedness will have no influence
on eye movement under its low variability in
the BALTIC.

- - NO Isovist Jaggedness consistently had an impact
on eye-movement patterns, meaning its ef-
fect is strong and consistent.

F2 - Larger paintings in the BALTIC Case
Study will attract more attention.

- - YES Also see comment to C2.

Table 25.1.: Summary of all hypotheses stated in the thesis.
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summary

At the beginning of this thesis we have identified two key func-
tions associated with the spatial layout of museum exhibitions (see
Section 5.1 on page 79):

1. to facilitate the curatorial narrative of the exhibition, or commu-
nicate a predefined message;

2. to strengthen the viewers’ focus on the artworks, or his/her
‘aesthetic experience’.

We have also identified Visual Attention, Recognition Memory and
Spatial Memory as processes potentially indicative of such impact.

The empirical work presented in the thesis demonstrated that the
selected cognitive processes indeed were susceptible to modifications
of spatial arrangement of the same set of artworks. Within this frame-
work it has been demonstrated that:

• Recognition Memory and Spatial Memory are sensitive to distinct
aspects of the environment. This shows that two separate cog-
nitive processes contribute to the creation of the overall visitor
experience and that these two separate cognitive processes can
be influenced by the curator using distinct spatial characteristics
of the designed environment (Hypotheses C1, C6).

• The influence of space on memory and attention can be larger
than the influence of artworks’ content (Hypotheses A3, C2).

• Visual Attention has also been classified within two separate
sets of measures: describing its ‘quantity’ and ‘dynamics’. It
has been demonstrated that, contrary to the existing literature,
those two aspects are not always identically influenced by spa-
tial factors and that their impact on memory performance is
non-trivial (Hypotheses A1, E1).

• In relation to the above point, more looking in general results in
better memory of artworks (Hypotheses A5, C8, D4), although
closer analysis demonstrated that it is rather ‘not enough look-
ing’ that jeopardises it.

• Furthermore, more dynamic (or ‘spotty focused’) attention need
not be linked with generally worse visual experience, as vis-
itors compensate in spaces encouraging them to engage with
artworks in a very dynamic manner by investigating them re-
peatedly, until satisfactory cumulative viewing time is achieved
(Hypotheses B3, B7, E1).

• In result, more ‘distractive’ space has not been shown to de-
crease the understanding of the exhibition (Hypotheses B3, C1).
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25.2 on generalisability of behavioural and cognitive patterns

• Further analysis of this linkage between memory results and
spatio-visual analysis confirms the previously predicted role of
Visibility Catchment Areas (Stavroulaki & Peponis, 2003) in sup-
porting deeper cognitive processing of artworks in the museum
context (Hypotheses C5, C6, E4). This shows the importance of
considering context-specific visibility measures in architecture.

• On the more generic level, the theoretical framework of ‘Spa-
tially Guided Movement’ (Wineman & Peponis, 2010) can be
used to explain the relations between cross-environmental and
cross-individual variability in the data describing the aforemen-
tioned cognitive processes (Hypotheses A4).

• Consistently with this framework, space affected those staying
inside it for longer more. This means that it is the more inter-
ested, longer engaging visitor who will, in the end, develop a
less personalised, less individual experience, and remain under
a stronger influence of the curator who had designed the space
(Hypothesis D3).

25.2 on generalisability of behavioural and cognitive

patterns

As the reader might have observed, the R2 values describing the pro-
portion of variance in the dependent variable explained by the con-
sidered predictors highly varied throughout the analysed studies, ran-
ging from .05 to .70

1. Table 25.2 below lists the ranges of these effect
sizes aggregated by study and dependent variables.

Exp. 1 Exp. 2 BALTIC
Visual Attention .21–.62 .06–.70 .05–.53

Recognition Memory .11–.67 .05–.16 .05–.23

Spatial Memory .12–.14 — .07–.30

Table 25.2.: Range of effect sizes (smallest and largest Marginal R2)
observed across the studies conducted within the current
thesis.

1 In many cases the Conditional R2 values were calculated with a statistically signific-
ant impact of experimental condition. In itself, this factor does not provide the precise
understanding of all spatio-visual factors influencing the existing difference and thus
somewhat artificially increases the numerical statistic describing our understanding
of the underlying processes. In result, the ‘true’ effect sizes might therefore be even
lower than as they are by the estimated Conditional R2 values. For these reason,
here we focus on Marginal R2 values
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summary

There is a number of factors which limit the predictability of visual
attention and memory performance inside art galleries2. Looking
across the studies, the primary one seems to be the studied setting -
BALTIC Case Study unsurprisingly generated lower effect sizes than
the more controlled experimental environments. It therefore appears
that in a setting in which curators and artists typically exhibit their
work, their influence on the visitor experience through the spatio-
visual means is the most limited3.

One reason for this is certainly the presence of other people inside
the galleries. This thesis purposefully omitted an in-depth analysis
of the interaction between other people present in the gallery and
human engagement with an art exhibition. The dwells falling on
other visitors inside the BALTIC gallery were controlled for statistical
purposes, but were not subject to an in-depth analysis. While the
problem can be viewed as separate from the influence of space (which
this thesis is primarily concerned about), in reality, facilitating social
aspect of the visit is a large part of any museum’s function, closely
related to its spatial layout (Peponis & Hedin, 1982; Wineman & Pe-
ponis, 2010). The main principle being that spatially-defined patterns
of social encounter are rarely random and they partially define the ex-
perience specific to any given building. Also researchers in Human-
Computer Interaction for long have been interested in the touching
point between the two effects (Akpan, Marshall, Bird & Harrison,
2013). For example, Dalton, Collins and Marshall (2015) measured the
percentage of dwells falling on other people during a shopping task
in a commercial mall and Brignull and Rogers (2003) described ‘the
honey pot effect’ - the ability of a group of people gathered around
a single public display to draw attention of others. Informal observa-
tions of crowds gathering in narrow corridors of some art galleries for
no apparent reason, or of visiting groups following a guide through-
out the exhibition leave no doubt of the importance of other people
to our experience of space. Social behaviour within the architectural
context therefore remains highly relevant to curators designing the
art experience for a larger audience. With the decreasing cost of re-
search technology (such as mobile eye-trackers, virtual reality, or po-
sition tracking), it will become more viable to study larger groups of
people interacting in public architectural spaces. The study of cog-
nitive processes in a social context, even though deemed important
(Hutchins, 1995), is thus still awaiting its full revival.

The predictability of the results differed not only across the galler-
ies but also across the dependent variables. This means that separate

2 Although R2 values above 0.26 are generally considered ‘high’ in psychological sci-
ence (Cohen, 1988), rarely researchers have the possibility to control for so many
relevant factors.

3 This statement should be however interpreted with caution as BALTIC Case Study
also involved lower number of participants and a relatively high percentage of the
collected data must have been removed during the analysis.
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25.3 can experience ever be pre-determined by spatial layout?

parts of the gallery experience can be explained to a different extent.
The factors that seem to play a crucial role in this respect are sub-
jective art appreciation (e.g. Brieber et al., 2014), individual memory
skills (e.g. Mulligan, 2013) and spatial skills (e.g. Hegarty et al., 2006).
This is also exemplified by the fact that removing up to 3 most influ-
ential data points4 from the models was often able to improve the R2

values by 0.1 - 0.15, which is a notable difference. What would be
a justifiable statistical procedure, however, is purposefully not repor-
ted in this thesis. Art galleries and the context of art contemplation
is where ‘outlying’ behaviour occurs naturally, often being even im-
plicitly encouraged by the context. Art galleries are places were indi-
vidual viewing behaviour is allowed, or even desired. Perhaps, the
art experience simply by definition can be modelled to a very limited
extent and does not allow the statistical procedures to fully describe
the depth and variability of the experience. And yet, it was able to
prove the little repeatable influence of spatial factors, often outweigh-
ing this of individual artworks. The influence of space is therefore
limited partially because a visitor who is free to explore the exhibi-
tion is equally free not to attend to it if he or she so wishes (Screven,
1976).

Finally, an interaction of these two groups of effects can be con-
sidered: not only some aspects of the individual experiences are
highly varied (e.g. art appreciation, uncontrolled in this thesis), and
some spatial settings (e.g. real-world, busy art galleries) decrease
the predictability of the cognitive interactions. But also some places
might further nurture, promote, and embrace unpredictable experi-
ences through which subjective, individual and often unique under-
standing develops. By definition, art galleries are such places.

25.3 can experience ever be pre-determined by spatial

layout?

From the viewpoint of architectural analysis, this thesis utilises path-
independent measures. Their potential influence derives from the
assumption that a person randomly exploring the environment has
higher (or lower) chances of falling under the influence zone of a par-
ticular picture, depending on its spatial properties. As these meas-
ures do not require the path of the visitor as an input, the amount
of variance they are likely to explain decreases, but their practical
usefulness for the purpose of simulating distinct design alternatives
rises. High variance of human behaviour is by definition expected in
relation to these spatial factors. In fact, by recommending unrestric-
ted exploration, providing generous time limits, and no pre-defined
viewing agendas, this thesis purposefully maximised the random as-

4 Data points are here understood as all aggregated interactions between one parti-
cipant and one artwork.
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pect of human spatial behaviour. This fact reflects the role of the built
environment in our everyday lives: the space can be viewed merely
as a background to our primary actions and behaviours, but at the
same time it is always present and affects all of it, anytime.

The concept of spatially guided movement (Wineman & Peponis,
2010) suggests that human movement inside art galleries is not de-
termined, although it can be restricted to a particular sequence of
rooms, so that its variability is limited (Choi, 1999). It is therefore
determined by the physical boundaries, but guided by spatio-visual re-
lationships between artworks, and possibly random within these lim-
itations. This corresponds well with the curatorial theory which sup-
ports empowering visitors in seeking their own interpretations of the
exhibitions (L. C. Roberts, 2004) but does not argue for completely
unrestricted (un-curated) art galleries. The guidance of visitors’ move-
ment and attention can therefore take place through modifying the
probability that certain isovists and co-visible arrangements are exper-
ienced more than others. As the majority of this potential outcome
nevertheless depends on other factors (such as personal preference,
the exact path taken, or the freedom to ignore various exhibits), it is
assumed that the curator will only ever be able to aid, or inhibit this
cognitive outcome to a limited extent.

From the analytical viewpoint these probabilities of various engage-
ments could potentially be adjusted based on the known behavioural
patterns of specific museum’s visitors. A plethora of additional demo-
graphic information on local audience is often available to the mu-
seum institutions. It would be a misinterpretation however, to assume
that the methodology presented in this thesis can ever aim at reaching
full explanation of the pattern of visitor-artwork interactions.

25.4 generalising to other building types

We have discussed how space modifies viewing behaviour of art gal-
lery visitors even under the presence of large individual differences
in viewing styles. The spatial factors which caused the observed ef-
fects were sometimes more radical (Experiment 2), and rather subtle
in other cases (BALTIC). For this reason, the probability of a visitor
falling under the semi-deterministic influence of space differed across
the environments. Space can therefore have an enormous impact on
our behaviour in some situations, and less so in others, even when
the context (art gallery visit), our goals (viewing art), and the items
of interest (artworks) are identical. When space has been purpose-
fully designed to have a noticeable impact (e.g. Experiment 2), we
could still imagine a situation when a visitor attempts to impose
a personally preferred viewing behaviour despite the limitations of
space. This could be done perhaps by running between pictures, or
at least spending prolonged viewing periods in front of the wall par-
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25.4 generalising to other building types

titions from where two artworks could be observed simultaneously.
The fact that none of these situations was a regular occurrence leads
to a belief that the influence of spatial layout on human behaviour
inside an art gallery is tied to a set of norms typical for this particular
situational context. A curator designing an exhibition makes use of
these norms. However, if we consider other building types—or the
built environment in general—those norms of exploration vary tre-
mendously. As a result, the effect which space has on the behaviour
and cognition of its users is also likely to vary. Methods employed
in this thesis and the analytical focus on separate visual interactions
can therefore be potentially applied only to those situations where
the norms of exploration and engagement are similar. This might
include cases where users do not rush through space and spontan-
eously engage with distinct visual stimuli. Potential extensions of
this work’s methodology can for instance be foreseen in the context
of (non-emergency) signage.
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26

L I M I TAT I O N S

In this section we will review major limitations of the work presented
in this thesis and suggest how these challenges can be tackled in the
future studies.

26.1 criticism of space syntax approach

In order to quantify relevant spatio-visual characteristics of an art
gallery layout, this work has relayed on methods and techniques de-
veloped within Space Syntax studies. This theory however bears a
certain set of assumptions and simplifications which have been criti-
cised over the years by multiple scholars.

One of the common criticism of Space Syntax techniques is that
they rarely consider metric distance and focus on the topological un-
derstanding of space (Montello, 2007). In the context of this thesis,
this is a viable concern. It could be the case that despite the fact hu-
mans process paintings at large spectrum of distances (as described
in Section 3.3), the quality or type of this processing differs1. A pos-
sible extension of the measures used in this thesis would therefore
include weighting of the artwork’s isovist and Visibility Catchment
Area based on its distance from the viewer. Some preliminary de-
velopments have been made in this respect on the methodological
ground (Dalton, Marshall & Conroy Dalton, 2013), although their
relevance lacks empirical confirmation.

Some other criticism of the Space Syntax approach is the fact that it
underplays the impact of interpersonal differences (Montello, 2007)
on the spatial experience. As the large spread of Spatial Memory
performance showed in this work, personal abilities and strategies
indeed might have had a crucial impact on the human comprehen-
sion of the spatial relationships between the paintings. And yet, the
methods applied to relate spatial factors to this experience lack the

1 Determining ‘threshold distances’ at which the processing is affected would require
a more focused, laboratory-based experiments, and most likely would only remain
applicable to the particular set of artworks being studied. A similar work has been
proposed on signage (Xie et al., 2007), but there the ability to read a particular font
size is a much better benchmark of the viewing quality than what can be established
for pictorial artworks.
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limitations

capabilities of accounting for diverse engagement patterns (e.g. by
considering interactions on a conditional basis ‘if x then y’). It seems
clear that the subject deserves further attention from the researchers,
although its extensiveness would require a research procedure fully
dedicated to these factors.

One more disadvantage of Space Syntax pointed out by Montello
(2007) is that it remains ignorant of the overall look of the environ-
ment. This criticism can also be related to the current thesis, as no
aesthetic aspect—–except for lighting—was taken into account. In the
art gallery context these factors are often critical, especially when the
‘white cube’ atmosphere is desired (O’Doherty, 1986). For instance
the issue of label placement has been a separate topic in museum
studies (Bitgood & Patterson, 1993). Contemporary museum institu-
tions often spend large proportions of their budget on detailed ele-
ments of the interior influencing the overall aesthetic atmosphere e.g.
by replacing the whole floor surface to complete the ‘pure’ look of
the space (Dorsett, 2013; personal communication). Such details were
not considered in Experiments 1 or 2. Since the rooms used for Exper-
iment 1 are otherwise used by art students as studio and exhibition
space, their similarity to a ‘real’ art gallery is relatively acceptable
with the only major compromising factors being its workshop-like
character and university campus location. The space used for Experi-
ment 2 however, was a typical psychological laboratory located inside
a known research building. This, and the temporary character of the
wall partitions could have contributed to a different perception of this
space by its visitors. This atmosphere detached from ‘real’ galleries
was even verbally reported by some participants at the end of their
visit.

Concurrently, it must be noted that all compromising factors re-
mained similar for all participants of this experiment, across both
conditions. Thus, while it can be a factor decreasing the ecological
validity of this particular study, the within- and across-conditional
comparisons remain valid. It is also less likely that while the gen-
eral perception of that space was altered, the specific patterns of in-
dividual visual interactions changed significantly. The alone fact that
participants are aware they participate in a psychological study does
not mean they will deliberately execute any other behavioural habit
than the one natural for the situation they are at. In fact, it would be
very unnatural to focus on anything else then typical ‘picture view-
ing mode’ in a space where empty walls are used to display artworks.
The visual attractiveness of these walls remains therefore of second-
ary importance when configurational aspects of space are measured.
This factor is much more likely to be damaging for studies interested
in aesthetic appraisal of art, or the general appreciation of the ex-
hibition setting. In this respect, also the criticism of Space Syntax
approach can be reviewed - no theory is able to represents the world
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26.2 distance between the viewer and the picture

exactly as it is. Key aspect in applied studies of spatial cognition is
therefore to select such theoretical concepts which are likely to cor-
respond to those aspects of human behaviour and cognition which
are important for the given research question. Being able to verify
the majority of hypotheses stated at the beginning of this work is
an evidence, that relevant concepts from Space Syntax theory were
selected for this work.

26.2 distance between the viewer and the picture

Turning back to the argument on ignorance of the metric distance
in spatial measures we must also consider the ‘cognitive facet’ of the
same problem. If spatial measures weighting the possible interactions
by distance were used in the empirical studies presented in this thesis,
theoretical explanations of their potential influence would require a
dataset which includes viewing distances for each visitor-artwork in-
teraction. This was not possible within the limitations of the available
technology. With only raw video files being available, Simultaneous
Localisation and Mapping (SLAM) has been proposed as a method
for tackling this issue. The technique allows the software to estim-
ate the location from which a gaze was performed and map both the
location and the target of the gaze onto an ad-hoc constructed 3-D
model of the environment. Up to date, no working software imple-
mentation is publicly available, despite a few prototypes proposed
(e.g. Santner, Fritz, Paletta & Mayer, 2013). A method for manually
encoding distance to objects from Tobii Glasses videos has been also
proposed by Dalton et al. (2015) but is only viable for estimations at
a specific point of the interaction. In case of the mentioned authors,
this was the moment of the first engagement with an object. In the
context of the current study and following the suggestions made in
museum studies literature, it was predicted that this one point in time
is not as important as understanding the holistic dynamics of the in-
teraction throughout the visit. Nevertheless, informal observations
of the eye-tracking recordings suggest that high correlation could be
expected between short glimpses and larger distances as well as long
dwells and shorter distances. For these reasons, distance to object
was not explicitly coded in the dataset, and a dwell-based analysis
was proposed instead.

It can be noted however, that the availability of a more advanced
technology would open a variety of new research avenues, some of
which could remain relevant within the art gallery context. Müller-
Feldmeth et al. (2014) have demonstrated (again based on a manually
encoded subset of eye-tracking data) how the availability of the view-
ing angle and distance can reveal behavioural patterns highly relev-
ant for the studies of signage efficiency. The potential contribution
of such work to the isovist theory, and its linkage with human cog-
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nition is immense and even the dataset studied in this thesis can be
used again for such purpose, once software facilitating its automated
analysis becomes available.

26.3 illusions of the path-(in)dependent approach

This thesis has purposefully avoided utilising path-dependent ap-
proaches to the analysis of human interactions with the exhibition. It
focused on measures which can be understood and quantified without
the knowledge of the exact path a visitor has or will take through
the exhibition. This has been done despite the fact that such path-
dependent approaches had been proven beneficial to the exploratory
power of environmental characteristics on human cognition in diverse
contexts (Lu & Peponis, 2014; Meilinger, Franz & Bülthoff, 2012). The
major reason for such an omission is its low practical value - path-
dependent measures allow the researcher to make post-dictions, but
not predictions of the layout’s influence on human cognition. Mak-
ing predictions within this framework would require to firstly predict
(model) potential pathways inside the building only to calculate vis-
ibility and co-visibility characteristics of the exhibitions afterwards -
based on these modelled pathways.

In reality, aggregate human movement inside buildings cannot be
predicted perfectly well - the most prominent findings inside art gal-
leries explained 86% of the variance in human movement (in terms
of its room-by-room distribution, i.e. on a relatively coarse resolu-
tion; Hillier et al., 1996). This in itself is quite impressive, but it is
difficult to expect that the immense variation in human walking pref-
erences and decision making can be predicted any better any time
soon. It also means that about 14% of that variance remains unex-
plained. For this reason path-dependent approach to making cur-
atorial predictions would offer an ‘illusion of accuracy’. It would
offer better understanding at the finer detail of some interactions,
but by no means would let us understand the wider spectrum of
the visitor behaviour. The increased accuracy of prediction would
be achieved within the most repetitive patterns of movement and
interaction (which are, most likely, explained quite well in the path-
independent approach) while the less predictable cases of interactions
would still remain underrepresented within the explained variance.

It is the intention of this thesis to prioritise a more robust way
of thinking about architectural cognitive engineering over presenting
the largest possible effect sizes. This is due to the potential applicab-
ility of such robust methods in practically-oriented architectural and
curatorial design workflows. This is not equivalent to saying that
path-dependent approaches are less sound. Quite the opposite - their
exploratory power can be greater and thus their scientific usefulness
is often justified in cases where the main focus is on explaining the
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past processes, as opposed to predicting the future cognitive outcome
of an exhibition.

However, even the path-independent approach bears its own ‘il-
lusion’ of robustness. Creating and analysing measures which are
‘path-independent’ (such as Visibility Catchment Area or Potential Co-
Visibility) assumes that human movement and human gaze is equally
distributed throughout the entire space. This is not true. Some parts
of the analysed space (e.g. room corners) are traversed through less
then others (e.g. room centres). In giving this equal value to all parts
of the spatial layout, this thesis prioritises the acknowledgment of
uncertainty of the human movement over its non-perfect explanation
biased towards more popular route choices.

26.4 issues with ‘measuring’ cognition

Measuring cognition can be problematic on multiple levels. One of
them is that we are never really able to measure the actual cognitive
process, but only its secondary outcomes, manifested in responses
to abstract tasks. Each of such tasks carries its own measurement
error which can influence the generalisability of the findings. For
instance, Recognition Task employed in the study promotes a head-
on view of the pictures. According to some findings (Tarr, 1995;
Meilinger et al., 2012, 2011; Adamou, Avraamides & Kelly, 2014) this
could result in faster reaction times not necessarily to pictures which
were remembered better, but to those which were rather viewed up-front
more. In such case, the influence of Visibility Catchment Area would
be simply to increase participants scores in this particular task, and
not to increase chances of deeper processing of pictures. Few theoret-
ical assumptions serve as counter arguments to this concern. Firstly,
pictures were shown to be processed relatively well from a very wide
range of angles, especially when the information on background sur-
face orientation is available (Section 3.3) - and this condition could not
be fulfilled better than it is in a white-cube art gallery. Secondly, each
picture was encountered multiple times, from many different angles.
Object files theory (Section 3.1.4) suggests that such encounters can
contribute to a single mental representation of an object, most likely
represented up-front. This fact justifies the use of the test in the given
context. The aspect here describes is likely to bear more significant in-
fluence if visual encounters were shorter or if only a single path tied
to a limited range of viewing angles was available to participants,
which is a limitation to always be considered in similar studies.

Another concern can be considered in regard to the Miniature Task.
Like in any other sketch-map type of a task, some proportion of par-
ticipants’ error can potentially derive from the difficulty occurring
during the transformation of the 3-dimensional experience into a 2-
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dimensional frame of reference (Montello, 1998; Iwanowska & Voyer,
2013)

Another methodological limitation of this thesis is linked to the lim-
ited accuracy of the eye-tracking device. As described in Appendix A,
the process of coding the eye-tracking videos is highly interpretat-
ive. In contrary to traditional observatory studies of museum vis-
itors however, there is no systematic omission of visual targets en-
countered by the viewer. Especially during walking, observational
studies were not able to account for this factor, and therefore are
biased towards more longer and obvious viewing periods, concen-
trated in direct adjacency to the artwork. This bias is unlikely to be
present under the method employed in this thesis. And yet, as has
been previously mentioned, the analysis of eye-tracking recordings
should not be taken for the equivalent of the visual attention as such.

Lastly, a less technical concern considers the limited nature of any
set of measures applied to measure human cognitive experience. Like
any other situation in life, museum visits are created by multiple sen-
sorial experiences (Levent & Pascual-Leone, 2013a, 2013b). Visual
memories are not the sole source of informational input, as their
bounding in space is for instance strengthened by bodily movement
(Zisch et al., 2013). For this reason, like any other study of cognition,
this work by no means described anything more than very narrowly
defined, indirect side-effects of how actually the space impacted its
visitors.

26.5 describing the ‘experience’

Coming from the positivist perspective, this thesis made the assump-
tion that it is possible to define, measure, describe, and compare the
human (aesthetic and visual) ‘experience’. This, in itself, is a highly
controversial notion with a long history of philosophical debate. Ad-
ditionally, the work here presented fully (yet consciously) ignores pre-
vious experiences of the studied individuals. It also does not study
how the experience of the exhibition develops and evolves over time
after the visit, focusing only on the initial phase of the holistic exper-
ience of the exhibition.

It is therefore important to note that even though studied in fine
detail, the ‘experience’ which this thesis describes is only a small part
of a larger set of presumptions, attitudes, and memories which are
affected and modified by each single art gallery visit - no matter how
dynamic or intense the visual interaction between the visitor and the
artworks it consists of.
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26.6 a note on power

Statistical power (denoted as b) is the property of a statistical test
describing the probability with which the test can detect a statistically
significant effect (i.e. reject the null hypothesis) given the true effect
exists in the population (Cohen, 1992; Descoteaux, 2007). The power
of the test is dependent on its sample size (N), true population effect
size (ES), and the accepted Type I error probability (denoted as a and
in psychological science typically fixed at 0.05). Mathematically, the
value of each of these four components can be calculated if the other
three are known or estimated (Cohen, 1992).

All of the main three studies presented in this thesis investigated
the same (or very similar) effects, although within distinct experi-
mental designs. It is thus important to note the difference these ex-
perimental designs might have on statistical power of the conducted
analyses and its potential consequences for the interpretation of their
results. This is particularly important in the context of lower effect
sizes resulting from the analysis of the BALTIC Case Study.

As mentioned previously (e.g. in Section 25.2), a number of factors
might have impacted the predictability of studied phenomena in the
BALTIC setting, to name the lack of randomisation of artwork content
and artwork location, as well as its linkage permanently pre-defined
by the curator to name but a few. This section will look at the po-
tentially insufficient power of that design and re-evaluate the sample
size necessary for increasing the chance of detecting potentially signi-
ficant effects presented earlier in this thesis, under a real-world study
conditions inside a public art gallery.

Since no well-established methods (other than simulations) exist to
evaluate the statistical power of linear mixed-effect models (Castelloe
& O’Brien, 2001), let us consider a simplified example referring to the
subset of the previously conducted analyses. In particular, we will
review the effect of VCA on Recognition Memory (quantified by parti-
cipants’ Reaction Times; Section 9, p. 125). This effect was well estab-
lished in Experiments 1 and 2 but not in the BALTIC Case Study (see
the comment to Hypothesis C6 in Table 25.1, p. 325). The sample size
in Experiment 1, where the effect was found was N = 31 (compared
to the BALTIC Case Study’s N = 16). What would be the recommen-
ded sample size to guarantee a better visibility of this effect in the
real-world gallery setting?

We previously concluded that the effect of VCA on Recognition
Memory is well-demonstrated by the statistically significant t-test across
the two experimental conditions employed in Exp. 1. The effect size
estimated from this analysis is d = 0.39, in non-mathematical sense
equivalent to small-to-medium effect size according to Cohen (1992).
Post-hoc power analysis conducted in GPower software (S. Mayr, Erd-
felder, Buchner & Faul, 2007) determines that the power for our test
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to detect such an effect size within this experimental design would
be b = 0.18. It thus can be concluded that the researcher either got
very lucky (having only an 18% chance to detect such an effect), or
the true population effect is much larger. The upper limit of the 95%
Confidence Interval around the calculated d = 0.39 was 0.78, suggest-
ing that the true population effect is rather medium-to-large. And
yet, in a real-world art gallery, under the presence of multiple uncon-
trolled factors introducing statistical noise to the measured processes
(such as the permanent pre-defined linkage between the artwork loca-
tion and its content), the effect size expected is even smaller than that
demonstrated in Experiment 1. In order to exercise a more conser-
vative approach, we can assume that we wish to detect d = 0.39 in
a between-group design (assuming it would be possible to re-create
the experimental design from Exp. 1 inside the BALTIC Centre for
Contemporary Art). Aiming for the chance of detecting the main
effect equal to b = 0.8, this would require two groups consisting of
105 participants each (or 210 in total) compared to 16 engaged in the
here-described Case Study.

Statistically ‘noisy’ research settings (such as buildings in public
use) call for much larger sample sizes in order to detect effects re-
lating to cognitive processes impossible to observe and measure dir-
ectly (such as memory, or the depth of cognitive processing it is in-
dicative of). This is the primary reason for which highly controlled,
laboratory-based studies will remain the key stage in research pro-
jects aimed at establishing environmental correlates of cognition. The
vision of sensory-enriched buildings and cities, capturing large quant-
ities of observational data in real-time, offers the possibility of easier,
cheaper, and much more reliable verification of these effects in ap-
plied settings.
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C O N C L U S I O N

The main research question of this work was whether spatial arrange-
ment of an art gallery has an effect on the visitor experience. The
main hypothesis stated that the influence of artwork’s spatial loca-
tion is often larger than that of the artwork’s content and that it can be
used to partially predict the cognitive impact of an exhibition. Three
distinct studies showed that the initial assumption is true. After con-
trolling for other factors, many spatial characteristics had an impact
on visual attention and memory of the gallery visitors. Some of those
effects were strong enough to remain significant in a much less con-
trollable real art gallery setting.

As a result, the contribution of this thesis to the current state-of-
knowledge can be classified in two generic points:

1. The contribution to curatorial theory and observational visitor
studies. Applying a relatively advanced methodology allowed
the investigator to measure the cognitive (and not only observ-
able/behavioural) outcome of the gallery visit. This outcome
has then been linked to generalisable, quantifiable aspects of
space and can be applied to potential simulations of yet-unbuilt
exhibition layouts.

2. The contribution to the fields of Spatial Cognition and Space
Syntax. Ever since Space Syntax was introduced, the interest in
linking its measures with empirically proven aspects of human
spatial cognition was central to the field. The potential use-
fulness of such a linkage for both disciplines has been widely
acknowledged (Montello, 2007; Penn, 2003; Conroy Dalton et
al., 2012) and some empirical studies followed in this domain
(e.g. Conroy Dalton, 2003; Franz & Wiener, 2008). By creating
a direct empirical connection between some aspects of human
cognition relevant to the museum experience and spatial meas-
ures describing the gallery set-up, this work is making a further
step in closing this gap, at least in a limited museum context.

Both of these points can rise a question whether (1) curatorial and
(2) architectural theory need a similar kind of contribution and whether
it does not ultimately lead to ‘architectural determinism’ (Franck,
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Figure 27.1.: All ‘star’ objects of the imaginary exhibitions (all other
artworks are ommited in this visualisation). Red dots:
curators /architects /artists; Green dots: others.

1984) potentially restricting the variability and exciting novelty of our
built environment. To some extent, this assumption can be tested.
In a study supplementing the main empirical work presented in this
thesis, a group of 26 participants (19 of whom were artists, curators,
or architects) were asked to place 11 ‘artworks’ on a miniature layout
of an imaginary exhibition they were asked to ‘curate’. The ‘artworks’
were represented as dots, 3 of which had a different colour and were
specified as ‘artworks of a special meaning’, or the ‘star objects’ of
the exhibition. The same task was conducted twice, each time on a
different layout. Each participant performed the task individually, on
separate copies of the layout. One of the layout was based on the set-
ting employed in this thesis in Experiment 1, and the other one on the
layout of the BALTIC Case Study. Figure 27.1 presents the summary
of the results, where the positions of the dots were ‘stacked’ on top of
each other when two or more participants placed the dot in the same
location of their layouts.

The uniformity of the results is striking. As it can be noticed, the
‘star’ objects are not dispersed among all the walls and the similarity
of choices is even greater when to ignore the contribution of the lay-
men (green dots). This preliminary data suggests that there is some
conceptualisation of the ‘importance’ of various elements of the gal-
lery layout which is common to many curators even when they are
asked to think about it independently. Is it possible that those choices
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were based on some underlying formal spatio-visual characteristic of
the chosen location? Indeed, when the mean isovist area sizes of
the ‘star’ locations were compared with mean isovist area sizes of
‘all other’ artworks (not displayed here in the figure), the analysis
revealed that ‘star objects’ were placed on more visible locations in
Layout 1

1. It thus seems that—while planning exhibitions—curators
already have assumptions about what stretches of the gallery wall
have a higher ‘value’. It also seems that this ‘value’ can be perceived
based on intuitively detected spatio-visual properties, and that the
(abstract, imaginary) choices about the exhibition set-up are made in
respect to this assumption.

So the curatorial practice (as demonstrated above), as well as cur-
atorial theory (as exemplified by a long tradition of visitor studies),
already follow some form of ‘architectural determinism’. And this
fact has not—at least so far—jeopardise the joy of novel, unexpec-
ted experience that we associate with a visit to an art gallery. The
fact that these connections between space and cognition are sought
and exploited does not predetermine the exact way they will be used.
Even just to build a completely ‘unpredictable’ space, the designer
needs to understand what its ‘predictable’ version would look like.

In regard to the wider architectural context, this thesis made a
claim that buildings can be studied as other physical artefacts are
in Cognitive Engineering, Usability, and User Experience studies. A
claim which carries the assumption that spatial design can ultimately
be better adjusted to our cognitive processes, or that the entire design
process can in fact be centred around the desired cognitive experi-
ence. None of these ideas are new. Designing the experience by con-
sidering formal properties of space has been proposed in the seminal
paper popularising isovists by Benedikt (1979) himself, and in many
different forms extended later (e.g. Stan Allen, 1996) up to a point
where software tools facilitating such a design process are becoming
available for architectural (Schultz & Bhatt, 2013) and urban planning
applications (Schneider & König, 2012). To what extent will this shift
towards experience-oriented architectural design affect the flexibility
and creativity of architects’ visionary ideas? An excellent example of
how this can be a mutually beneficial relation comes from the field of
Human Computer-Interaction. To describe it, Nielsen (2013) has used
an example of opera singers. Despite the fact they perform under nar-
row constrains of a screenplay which has remained unchanged for
hundreds of years, no person in the audience has any doubt as to the
creativity, skill, and talent involved in creating their unique perform-
ance each single time they go on stage. The same type of ‘constrains’
applies to usability and design. As he put it, the study of usability
barely documents reality (Nielsen, 2013). Therefore just as much as
an architect must consider physical laws which allow the building

1 Based on the analysis of Isovist Area sizes. Paired t-test: t(26) = 2.46, p=.021
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to stand stable, cognitive issues which have an impact on our archi-
tectural experience need to be built into thinking about design at all
stages of the process. The potential benefits to the quality of our built
environment coming from such a shift in thinking is difficult to pre-
dict. But, as Montello (2014) wrote on the same issue (p. 79): “when
even imperfect scientific understanding has modest implications for
so many people in so many places for so many hours, its considerable
value becomes obvious.”

27.1 future work

Further work is planned towards the extension of the impact of the
findings described in this thesis. More empirical work is required
to refine the understanding of Visibility Catchment Areas in relation
to cognitively-demanding spatial tasks. As it was mentioned early
in this work, Visibility Catchment Areas were defined in this work
based on a limited amount of empirical data. The simple fact that
in many cases this modification of the classic Isovist concept had im-
proved the understanding of the visual interactions with art, calls for
more focused work in this respect. How Isovists can be refined to bet-
ter reflect our natural strategies of visual interaction with the external
environment is a questions which has recently gathered increasing in-
terest, for instance with respect to the third dimension (Derix, Gam-
lesæter & Carranza, 2008). As it was mentioned previously, this will
become an even more fruitful field of research when a more refined
eye-tracking technology becomes available (Müller-Feldmeth et al.,
2014).

With respect to the curatorial domain, a software tool is planned
which would apply some formal ‘rules’ described in this thesis onto
a newly planned exhibition layout. This is aimed to be a guide for
curators interested in designing their exhibition with a pre-defined
cognitive outcome in mind, although due to the limitations listed in
Section 25.3, it is never expected to be a stand-alone tool providing
deterministic answers to design challenges. Further work with curat-
ors and artists is planned to build the tool around their actual design
needs, as well as to provide the output of the architectural analysis
in a form intuitively understood to an interested layman. As our un-
derstanding of the cognitive impact of space expands, it is a justified
research aim to make this knowledge inclusive for other interested
professions. Curators empowered with a tool for architectural ana-
lysis might in fact be able to generate much more reliable predictions,
given their expert knowledge of multiple other factors that might
have an influence on the visitor experience but were not considered
in this thesis (see Section 26.1).

Further, the project here described can be a point of departure for
considering cognitive usability of other building types. On the most
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generic level, the set of methods employed in this work has been
an exercise in defining, measuring, and interpreting those aspects of
human cognition which might be relevant to the architectural exper-
ience in the pre-defined context. The number of buildings which
could be improved in how they interact with our cognitive processes
is immense and for each of them the set of relevant psychological
and architectural methods is likely to differ. Our definition of what
building usability is, how it can be measured and improved is lacking
the level of understanding which would allow other researchers and
practitioners to replicate and improve it in a reliable, comprehensive
manner. It is my hope the this thesis improves our understanding of
the issue in its narrow context, but also methodologically paves the
way for similar investigations in a wider group of future applications.

As architectural settings become larger and more complex, the dis-
tinction between indoor and outdoor becomes less obvious (Kray et
al., 2013). Our knowledge of similarities and differences in spatial
cognitive processes employed inside and outside buildings, as well
as the quickly progressing advancement in the available technology
makes it possible to employ similar research techniques to studying
buildings and cities. As our urban environments become denser oc-
cupied by visual stimuli of varied importance (such as public art,
large- and small-scale advertisement, signage) the linkage between its
positioning in space and the probability of its successful processing
becomes an indicator of how well the urban governance is able to
distribute its limited ‘visual real estate’ to balance out the interests of
all parties. In comparison to this, curators enjoy an almost unlimited
freedom in managing the empty area of the gallery’s wall, while the
outdoor urban context imposes many more spatial, social and polit-
ical limitations on those decisions, making the choice between the
accessibility and placement of different types of visual information
potentially much more difficult.

Evidence-based decision-making can thus answer to the cognitive
needs and preferences of the population on multiple planning scales
- from building to city scale. The combination of increasingly user-
centric thinking among the planners, more scientific data paving the
way for the understanding of environment-cognition interaction, as
well as ‘big data’ omnipresent in smart buildings and smart cities
of the future; the combination of these factors creates the possibility
for developing novel workflows for planning and managing our built
environment. Workflows which will emphasise user-friendliness and
responsibility for the citizens’ cognitive wellbeing in response to their
own needs and behaviour.

And yet, such a vision does not guarantee that buildings and cities
of the future will be any more inclusive and more democratic than
they are now. Just as much as a (more or less user-centric) city plan-
ner or an architect makes top-down decisions about the way our built
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environment is shaped today, so much such a decision will be shaped
top-down in the future. Although identifying the moment when the
actual decision is made might not be as easy as it is today because
in semi-automated planning and management processes of the near
future those decisions will be made by algorithms. Very complex
algorithms, designed not by a single person, or even a single architec-
tural office, but by large dispersed research teams. Those algorithms
will be capable of reacting, often in real time, to the needs of the
building/city users in response to their behavioural patterns. Public
displays can automatically modify the type of the displayed informa-
tion based on the characteristics of the user group currently passing
by (Ballendat, Marquardt & Greenberg, 2010); building’s heating sys-
tems might modify the temperature depending on the type of activ-
ity sensed in its different areas (Kauppinen, Litvinova & Kallenbach,
2014; Göçer, Hua & Göçer, 2015). What remains an often ignored,
highly relevant, and very timely research question is how to adjust
these algorithms so that they do not always aim for the most ‘efficient’
and ‘computationally favourable’ solution, but take into account cog-
nitive biases of the citizens they serve: e.g. human preference for less
distraction over information overload, or the feeling of control over
one’s own immediate environment. Only such an approach, pursuing
which the author of this work is fully dedicated to, can ensure that
our smart, ‘cognitively engineered’ buildings and cities become truly
user friendly. With the rise of crowdsourced approaches to data gath-
ering, and given a careful consideration of all user groups (currently
often underrepresented in environmental research), those buildings
and cities also finally present hope for becoming truly democratic.
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A
E Y E - T R A C K I N G : C O D I N G P R O C E D U R E A N D
R E L I A B I L I T Y

For each participant, Tobii Glasses provide a video clip recorded from
the egocentric perspective via a camera mounted on the device frame.
An independent infrared camera pointed towards the user’s pupil
records its movement. This is then superimposed on the egocentric
video clip based on the coordinates obtained during the calibration
process, which proceeded each participant’s gallery visit.

During data analysis, each eye-tracking recording was manually
coded for dwell occurrences, as no reliable automatised method suit-
able for the context of the study is available. The fact that the infrared
camera tracks only a single eye creates the effect of parallax, mean-
ing its estimation of where the participant was fixating is calculated
independently of the actual distance to the target stimulus. As dis-
tance between the viewer and the pictures was constantly changing
throughout the visit, the parallax effect could not be fully accounted
for by the software. Instead, a single assumption of the the most likely
viewing distance must have been provided to the Tobii software pack-
age for these estimations. In experiments here described, the ‘most
likely distance’ was set as ‘large (>150cm)’ in Tobii Studio’s ‘parallax
correction tool’. The choice was based on informal observations of
museum visitors at an exhibition containing pictures of similar size.
The resulting disadvantage affecting the data analysis is the fact that
the eye-tracker’s estimated fixation locations might be imprecise for
any event when the distance to the target was notably different from
150 cm.

For this reason, the process of coding oculomotor dwells from
Tobii Glasses recordings contains an interpretative component. Es-
pecially for oculomotor events occurring simultaneously with head
movement, the coder’s judgment was more likely to be accurate than
the actual position of the dot visible on the screen. The next section
of this Appendix describes the procedure incorporated to code and
interpret the eye-tracking recordings. It is followed by a section de-
scribing how internal reliability of the procedure was assessed agains
a subjective bias of the researcher performing the coding.
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eye-tracking : coding procedure and reliability

a.1 coding procedure

Each video contained a recording from the front camera mounted on
the eye-tracking device, with a superimposed red dot indicating the
eye-tracker’s estimation of where the person was fixating at any given
moment. Saccades were indicated by lines connecting the dotes. Each
dot was visible on the video between 250 and 500 ms (depending on
the specific settings), after which it disappeared. Visibility of these
dynamic indicators allowed the coder to estimate whether a change
in fixated objects was not an artefact caused by the participant’s rapid
head movement.

CowLog software (Hänninen & Pastell, 2009) was used to code the
recordings manually. Default .avi output from Tobii Studio was con-
verted to .mp4 file format compatible with CowLog. Each video was
played at 0.3 speed rate. This additionally allowed to take head move-
ment into account, in opposition to frame-by-frame analysis. Due to
the fact that videos are recorded by Tobii Glasses at a frame rate of
15 frames par second, this playing speed displayed approximately 5

frames per second. Pausing and rewinding the video clip was pos-
sible to ease the coding process during the most rapid series of dwell
changes.

Each time the dot estimating a fixation entered the borders of a
painting, the letter associated with this painting was pressed on the
keyboard and saved to a text file by CowLog. Buffer area surround-
ing each picture, estimated at the size equal to 1 /3 of the paintings’
width was also counted as a correct dwell. This was dictated by the
observation from preliminary analyses suggesting that the parallax
effect might account for many of such events. It is improbable that
participants intended to investigate the wall surface in the nearest
proximity to the picture for periods often longer than 10 seconds.
Additionally, a valid ‘dwell’ was only counted if 2 dots estimating fix-
ations appeared within the defined boundaries, as lighting reflections
often caused the device to record false, single rapid fixations around
the boundary of the viewing field.

Distant stimuli, often unrecognisable under poor lighting condi-
tions and low resolution were interpreted by the coder on the basis
of their known spatial location in the given gallery setting.

Entrance and exit were coded to calculate the exact time spent in-
side. Unless reported otherwise, this was counted from the moment
each participant opened the door and made his /her first fixation
inside the gallery space (or outside of it, in case of exiting).

Each valid dwell (i.e. longer than 2 dot occurrences) happening
outside of any picture’s boundary was coded by the letter ‘x’. This
made it possible to calculate the cumulative time spent looking at
empty wall surfaces, ceiling, floor, or minor distractors present in the
space (light switches being one of the main attractors).
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In Experiment 2, each fixation on the mirror was coded with the
letter ‘q’. Looking at pictures’ reflections in the mirror was coded as
a regular picture dwells.

In the BALTIC Case Study analysis, dwells on other people present
in the gallery were coded with the letter ‘q’. Dwells on labels could
not be reliably distinguished from dwells on the walls due to low
resolution of the recordings and white colour of the walls reflecting
strong light. Since not all artworks present in the gallery were subject
of further analyses (e.g. sculptures and artworks from the far end
subspace of the gallery), fixations on those were jointly coded with a
single letter ‘v’.

a.2 internal reliability

The coding process was largely based on subjective estimates of dwell
occurrences. This method was applied in order to correct for the par-
allax effect and low frequency of fixation estimates resulting in mul-
tiple artefacts recorded throughout the video. Manual coding of this
type of data bears the risk of unreliable estimates, not only biased by
the technological defects, but also by factors randomly affecting the
coder’s judgment. These factors might include tiredness or involun-
tary changes to the understanding of the coding protocol.

Interrater reliability testing is a method allowing the researcher to
control for anticipated bias in subjective judgements. For each exper-
iment, a subset of the video recordings was independently coded by
a second coder—a graduate psychologist trained in the coding pro-
cedure described in the previous subsection. The training session
was conducted prior to the coding and no further consultancy was
available during the procedure.

To assess the coding reliability in a dataset consisting of multiple
nominal categories provided by two coders, Cohen’s Kappa (Co-
hen, 1960) is a broadly recommended (Kline, 2005; Huck, 2009) and
most typically used approach. Stemler (2004) however notes frequent
misuse of distinct interrater agreement techniques and divides the
available methods into three categories based on their purpose: con-
sensus estimates, consistency estimates, and measurement estimates.
The major difference concerns consensus and consistency estimates.
Consensus estimates (such as Cohen’s Kappa) are relevant for a situ-
ation in which it is possible to come to an exact agreement about the
nature of the event, which would indicate that both judges share the
same interpretation of the construct they are rating. In the light of
technological limitations imposed by the device used in this thesis,
this is unlikely. Low video frame rate, low fixation sampling rate,
and the parallax effect result in multiple imprecise estimates super-
imposed by the eye-tracking software on the egocentric video. For
this reason, judgements of the oculomotor behaviour (especially dur-
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ing rapid head movement periods) is subjective - based on the num-
ber of fixations, their distribution, and the presence of stimuli most
likely attracting eye movement. Due to the number of such events,
achieving consensus by the judges would be highly time-consuming
and despite the effort, most likely would never reflect the factual ocu-
lomotor event. For this reason, it is important to emphasise that all
measures reported in this thesis are subjective estimates—although
most likely they are more accurate from external observations (J. K.
Smith & Smith, 2001)–especially in relation to shorter dwells–but by
no means they represent the exact viewing times.

The use of consistency estimates is also recommended if there is a
consistent bias likely to occur in the ratings of the individual judges
(Stemler, 2004). In this research procedure, CowLog recorded key
strokes with the accuracy of tens of milliseconds. The software was
therefore sensitive to individual differences in reaction times across
the coders1. The judgement of buffer area around the picture count-
ing as a valid dwell could have also been affected by the interpersonal
differences in distance estimation across the judges. Both of these
factors are likely to cause individual judges’ ratings to differ from
identical. Consistency estimates of interrater agreement allow the re-
searcher to assess if this bias was consistent, i.e. if each rater was able
to follow subjectively conceptualised rating scheme. The oculomotor
measures are only used in this thesis in relative comparison within
each experiment. The exact number of seconds people look at art-
works is not of interest, as this is likely to slightly differ across each
museum space and each particular stimuli set. Subjectively biased
estimates are therefore fully satisfactory for the purpose of this work,
as long as they are internally reliable, i.e. biased randomly across the
data set, so that each picture was likely to be estimated with equal
amount of bias.

For the purpose presented above, Stemler (2004) recommends cal-
culating correlation coefficient for scores of two judges. The resulting
values grater than 0.7 are accepted as interrater agreement. Where
the distribution of ratings violates the assumptions of Pearson’s cor-
relation coefficient, Spearman’s rank coefficient can be used (Stemler,
2004). As a non-parametric measure, it is likely to present more con-
servative result.

For this procedure to be valid, the second rater only needs to assess
a subset of the complete dataset. The exact percentage of full sample
which should be verified by the second coder varies across the liter-
ature (Sauppé & Mutlu, 2014; Franchak, Kretch, Soska & Adolph,
2011). Specific recommendations suggest 10% of the whole data set
(Lombard, Snyder-Duch & Bracken, 2004; Neuendorf, 2002), consid-
ering that verifying a larger number of data points does not usually
bring any substantial changes to the score. For each of the three eye-

1 One coder might have been consistently quicker than the other.
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tracking datasets presented in this thesis (derived from three studies),
a random participant file was drawn for the second coder to rate.
Files were drawn until their cumulative length reached or exceeded
10% of the total length of all files in the given dataset. Second rater
performed the coding procedure on the selected sample of record-
ings. The data obtained from the coding was then used to derive the
eye-tracking dependent measures described previously in Section 8.2.
The number of data points therefore was equal to the number of keys
used in the coding procedure multiplied by the number of sample
video recordings. These data points were then correlated with the
data obtained from the same recordings by the researcher. The same
R script was used to derive the dependent measures from the data
coded by the second rater.

Table A.1 below presents results of the analysis in respect to each
measure controlled, for each dataset.

Number
of Dwells

Norm. No.
Dwells

Total Dwell
Time

Norm. Total
Dwell Time

Time to First
Fixation

Exp. 1 (df = 43) .93 .82 .99 .98 .58
Exp. 2 (df = 54) .93 .67 .99 .99 .98
BALTIC (df = 42) .99 .97 .99 .99 .99

Table A.1.: Interrater reliability comparison. All results were signific-
ant at p<.001. Result in italics indicates that Spearman’s
rho was used instead of Pearson’s r where non-parametric
procedure was more suitable.

Lower correlation values on ‘Time to First Fixation’ were the subject
of further investigation. The analysis of scatterplots revealed that
the value was low due to 3 outlying data points. While one of the
coders recorded a very early encounter with a given artwork, the
other did not code it, until a much later moment in the video. This
fact most likely reflects the ambiguity of dwell occurrences during
quick scanning of the gallery at the beginning of participant’s visit.

Nevertheless, the majority of the compared video codings remained
scored highly on the interrater reliability measure. Despite being a
subjective process, manual eye-tracking analysis conducted within a
strict set of coding rules proven to be reliable method of data encod-
ing.
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C U S T O M - B U I LT S T R I N G M AT C H I N G A L G O R I T H M
F O R M I N I AT U R E TA S K A N A LY S I S

In most of String Matching algorithms, the similarity of strings is
scored according to the number of actions required to transform the
answer into a reference string. Possible actions are substitution (e.g.
substituting F for C), insertion (i.e. adding a character into the string),
deletion (removing a character), and a transposition/swap (when two
adjacent characters change places, e.g. ‘A-C-F’ � > ‘A-F-C’. Separ-
ate algorithms differ by the exact actions they allow, how they score
their occurrence, and what order the actions are performed in. In
this thesis, String Matching will only be used for situations where
the length of the participant’s answer and the length of the refer-
ence string are equal. Thus, the only actions required to assess par-
ticipant’s memory performance are substitution and swap. The order
and ‘cost’ of these actions is also important: swaps should be per-
formed first, so that the participant is punished with smaller amount
of negative points for situations where a correct picture was placed on
the correct wall, but in a wrong place relative to the entire sequence.
Substitutions should only be executed afterwards, and at a higher cost
of negative points. This would reflect the assumption that spatial
memory of those participants who placed pictures closer to their ori-
ginal location is higher from those who did not include them in the
given wall section, or placed them further away in the sequence.

Classic String Matching algorithms contain two solutions similar to
the required purpose: firstly, Damerau (1964) identified all four op-
erations listed above in a single spellchecking algorithm, suggesting
they account for over 80% of misspelling errors. However, this only
accounted for string transformations which can be achieved with the
use of a single action. The use of multiple edit actions was intro-
duced by Levenshtein (1966), although it did not consider the swap
action. Damerau-Levenshtein Distance is known as the combination
of the two: it allows all four operations to be used multiple times,
until the input string matches the reference string. In it, each opera-
tion is scored as 1, but in its weighted version (Weighted Damerau-
Levenshtein Distance) discrete scores can be associated with each ac-
tion type. This would allow to score swaps lower than substitutions,
according to the need of Miniature Task analysis described in the
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former paragraph. However, Weighted Damerau-Levenshtein Dis-
tance allows each character to be swapped only once. If such op-
eration does not match it with the desired location in the reference
string, two substitutions are performed instead. In the context of the
Miniature Task, this is not the desired operationalisation as the as-
sumption we wish to implement is that the memory of a participant
who placed a picture 2 locations from its correct location is better than
the one who placed it 6 places away. Weighted Damerau-Levenshtein
Distance would punish both of such cases on the equal basis.
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F O R M S

Below examples are based on the material used in Experiment 1. Ma-
terial in Experiment 2 and the BALTIC Case Study was modified as
little as it was possible.

c.1 informed consent form
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!  
SCHOOL OF THE BUILT AND NATURAL ENVIRONMENT 

RESEARCH ETHICS PROCEDURES 

!  
School of the Built and Natural Environment 

RESEARCH PARTICIPANT CONSENT FORM 

Standard statement of participant* consent (please tick as appropriate) 

I confirm that: 

I have been briefed about this research project and its purpose and agree to participate*   
I have discussed any requirement for anonymity or confidentiality with the researcher**  
I agree to being audio taped / videotaped during the interview                                              

* Participants under the age of 18 normally require parental consent to be involved in research. 

**Specific requirements for anonymity or confidentiality 

Signed   Date   

Standard statement by researcher 

I have provided information about the research to the research participant and believe that he/she 
understands what is involved. 

Researcher’s signature ………………………………………. 

Date ………………………………………. 

Name of participant

Organisation Northumbria University

Researcher’s name Jakub Krukar

Title of research project/dissertation

Researcher’s name

Programme of study 
[Only if researcher is a student] Full-Time PhD

Supervisor’s name 
[Only if researcher is a student] Prof. Ruth Conroy Dalton



!  
SCHOOL OF THE BUILT AND NATURAL ENVIRONMENT 

RESEARCH ETHICS PROCEDURES 

Thank you for your interest in this study which is being carried out by Jakub Krukar, a 
PhD student at Northumbria University. The aim of this study is to investigate 
associations between spatial layout of art galleries and human perception of the 
exhibition. 

It is expected that this experiment will last no longer than an hour and in return for 
your time you will receive 6 pounds. 

The data which we gather will be treated in the strictest of confidence. It will only be 
analysed in aggregate. Results of this research may be published or reported to 
government agencies, funding agencies, or scientific groups, but your name will not 
be associated in any way with any published results. 

If you have any questions or require any further information, please don’t hesitate to 
ask. You are free to withdraw from this study at any time whereby the data you have 
provided will be deleted. If you wish to withdraw please contact the researcher, 
Jakub Krukar, at jakub.krukar@northumbria.ac.uk. 

This research has received ethical approval from School of the Built and Natural 
Environment at Northumbria University. If you require confirmation of this please 
contact Director of Postgraduate Research at eric.johansen@northumbria.ac.uk. 

I understand the purpose of this research and agree to participate. 

I understand I am free to withdraw from the study at any time. 

.......................................................................................................  
(name) 

.......................................................................................................  
(signature) 



forms

c.2 demographic information form
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!  
SCHOOL OF THE BUILT AND NATURAL ENVIRONMENT 

RESEARCH ETHICS PROCEDURES 

UNIQUE ID: 

................................................................................... 

ENTRY TIME: 

................................................................................... 

EXIT TIME: 

................................................................................... 

___________________________________________________________________ 

HAVE YOU BEEN IN THIS BUILDING BEFORE? 

yes                         no 

GENDER: 

male               female 

AGE:     

E-MAIL ADDRESS:



forms

c.3 excerpt from colour blindness test
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D
I N S T R U C T I O N S

Below examples are based on the material used in Experiment 1. Ma-
terial in Experiment 2 and the BALTIC Case Study was modified as
little as it was possible.

d.1 pre-meeting instruction (e-mail)

Dear [name],

Thank you very much for your interest in my research.

In this study you will be asked to spend some time in
a small art gallery with a portable eye-tracking device
(which in practice looks like a pair of large glasses).

There are just a few questions I need to ask you first:
1. Do you have normal colour vision?
2. Do you wear glasses or contact lenses? (it’s fine if
you do but glasses frames can’t be very large)
3. Are you a student in Fine Arts or Architecture
or are you a professional artist/architect?

You will also need to bring your bank account details with
you because the payment (6 pounds) will be transferred
by the University directly to your account (i.e. account
number, sort code, name of the bank, branch address).
To avoid disappointment, please note that all earnings
will be taxed at Basic Rate (unless you provide a P45
or send a P46 available on request from University’s
Payroll Office on 0191 227 4767).
Also, please bring your National Insurance Number
(or send it via email to the researcher). If you do not
have a National Insurance Number (e.g. international
students) your payment will not be taxed.
[NOTE: Above paragraph was removed in further studies
where participants were paid in cash.]
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instructions

The experiment will last no longer than an hour but you
shouldn’t be late. It will take place at Northumbria
University’s City Campus.
Could you meet me there at [time] ?
If not, feel free to suggest a different date.

I will send further directions upon your response.

Best regards,
Jakub Krukar

d.2 briefing instructions (prior to entering the gal-
lery)

"Now you will enter to an art gallery. Explore it as you
would usually do it in an art gallery. Make sure you
enter to each room and see all the pictures.
There’s a door in the end. It’s open. I’ll be on the
other side of it. You have maximum 30 minutes but
you don’t have to wait until the end of that time.
I will let you know when the time is running out."

d.3 recognition test instructions (on-screen)

[spoken]
"Now I have another task for you.
Everything will be written on the screen.
Please use only the 2 labelled keys".

[on-screen]
Welcome to the experiment!

You will see a series of 28 pictures.

Half of them are EXACTLY the same as the ones
you’ve seen in the art gallery.
Another half is either completly new or a modified
version of pictures from the gallery.

Your task is to indicate whether you have seen the
picture in the gallery or not.

Press ’no’ key if you think you have not seen it.
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D.4 miniature task instructions (spoken)

Press ’yes’ key if you think you have seen it.

Try to be as fast and accurate as possible!

First 3 pictures are for training purposes only.
Place you fingers on the keys and press any of
them to continue.

d.4 miniature task instructions (spoken)

"Ok, thanks for this. There’s one last think
I will ask you to do. These are miniatures
of the pictures you have really seen inside.
And that’s the layout of the gallery.
Can you please try to arrange the miniatures
by placing them where you think you saw
them in the gallery?"

d.5 salience study instructions (online ; in polish)

Welcome and thank you for your participantion.

This work is conducted within doctoral studies of Jakub
Krukar at Northumbria University in Newcastle, UK.
The project has received acceptance from the university
ethics comittee. All answers will remain anonymous and
will be only used in aggregate.

The study will take you only a few minutes. It consists
of four questions. In each of them I will ask you to
sort a pool of pictures according to how much they
draw your attention.

In case of any questions you can contact me at
jakub.krukar@northumbria.ac.uk.

If you agree to participate, please make sure you will
not be distracted at your computer for the next few
minutes and click ’NEXT’.

=======

On the next page you will see a list of paintings
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instructions

arranged vertically.

Please sort them according to how much each of
them draws your attention.

On the top of the list (marked as number 1) place
the painting which draws your attention the most.
On the bottom of the list place the one which draws
it the least.

You can drag and drop the images using the mouse.

After completion click ’NEXT’ at the bottom of the
web page in order to progress to the next screen.
You will see 4 screens in total, each containing
3-4 pictures.

Click ’NEXT’ to continue.

d.6 salience study screenshot (online)

Figure D.1 below presents a screenshot from the Salience Study. The
only other elements visible on the screen would be the tool bars of
the particular browser used by each participant.
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D.6 salience study screenshot (online)

Figure D.1.: Screenshot of the Salience Study. Participants were able
to drag and drop images to position them in the de-
sired vertical order. After scrolling to the bottom of the
screen they could see a button labelled ‘NEXT’ which
progressed the study to the next set.
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E
S T I M U L I U S E D I N R E C O G N I T I O N M E M O RY T E S T S

Figure below presents images used as distractors in the Recognition
Memory Test (‘correct’ stimuli were already presented in section 13.2).
Distractors used in the Recognition Memory Test in the BALTIC Case
Study were a combination of ‘correct’ and ‘distracting’ stimuli from
Experiments 1 and 2. Some of the distractors are distinct pictures
coming from the same artistic set, while others are modifications of
the ‘correct’ stimuli modified by manipulating colour filters in image
editing software.
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stimuli used in recognition memory tests

Figure E.1.: All distractors used in Recognition Memory Test in Exper-
iment 1. Subset (a) was used in the training phase only.
Subset (b) was excluded from Experiment 2 in order to
keep the numerical balance between ‘correct’ and ‘false’
stimuli (two paintings originally present in Exp. 1 but ex-
cluded from Exp. 2 were also used there as distractors).
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G L O S S A RY

Back-to-the-Wall - a measure of Spatial Memory defined by the pro-
portion of pictures which were placed back on their correct wall in
the Miniature Task; Section 10, p. 129.

Bidimensional Regression - a measure of Spatial Memory defined by
the correlation of two-dimensional coordinates between picture mini-
atures’ placements and their reference locations; Section 10, p. 129.

Dwell - the time a person spends looking at a single object (e.g. an
artwork) without glimpsing outside the boundaries of this object; Fig-
ure 3.1, p. 44.

Dynamic Viewing - the act of engaging with multiple objects (e.g. art-
works) by multiple short dwells (as opposed to less longer dwells);
Section 8.2, p. 113.

Ecological Validity - the degree to which the experimental set-up
reflects the equivalent real-world context it aims to represent; men-
tioned e.g. in Section 3.3.

Engagement - the interaction between the viewer and the artwork
defined by the act of looking (dwelling) on a single object, by a single
participant; Section 3.1, p. 42.

External Validity - the degree to which the experimental set-up and
measurement results generalise to other experimental set-ups aiming
to study and describe the same phenomenon; mentioned e.g. in Sec-
tion 4.3.

Eye-Tracker / Eye-Tracking - a device based on a pair of glasses with
two cameras which measures the movement of the eye and estimates
the gaze allocation; Section 8, p. 111.

Fixation - the period of suspended movement of the eye (lasting
a fraction of a second), during which the visual information is per-
ceived and processed; Section 3.1.2, p. 43.
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Isovist - a geometrical shape describing the area on the floor plan
from which a given point (e.g. an art object) is physically visible; Sec-
tion 5.2, p. 83.

Miniature Task - a task designed to measure Spatial Memory, in which
the participant is asked to place miniature representations of the art-
works originally seen in the art gallery on a miniaturised representa-
tion of the spatial layout of that gallery; Section 10, p. 129.

Potential Co-Visibility - a measure describing the number of other
pre-specified objects (e.g. artworks) visible from the location of the
target object. Derived based on the total Isovist area calculated from
the location of the target object; Section 11, p. 137.

Reaction Time - the number of milliseconds it takes the participant
to recognise an object within the computer Recognition Memory test;
Section 9, p. 125.

Recognition Memory - the ability to recall a previously encounter
object during its later viewing, i.e. during a computer Recognition
Memory test; Section 3.2.1, p. 48.

Saccade - the rapid movement of the eye between the fixations during
which the visual information is not processed and does not contrib-
ute to the memory of that object; Section 3.1.2, p. 43.

Spatial Memory - the ability to recall the position of multiple objects
after they have been encountered in space; Section 3.2.2, p. 51.

Statistical Model - an equation listing ‘predictors’ (or ‘Independent
Variables’) which have an impact on the studied ‘output’ (or ‘Depend-
ent Variable’); see caption under Table 15.1, p. 174.

Statistical Power - the probability of detecting the studied effect by
the particular statistical technique, in the particular experimental set-
up, given the true effect exists in the population; Section 26.6, p. 339.

String Matching - a mathematical technique of comparing the sim-
ilarity of two letter strings based on the number of operation it takes
(given a set of predefined rules) to transform one string into the other.
In this thesis used for the analysis of Viewing Sequence Similarities
(Section 8.3) as well as the Miniature Task (Section 10.1).

Targeted Co-Visibility - a measure describing the average number of
other pre-specified objects (e.g. artworks) visible from the location of
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the target object’s Visibility Catchment Area (i.e. within a pre-defined
angular range). Derived based on the Visibility Catchment Area calcu-
lated from the location of the target object; Section 11, p. 137.

Visibility Catchment Area - the restricted Isovist area, limited only
to a predefined angular range and describing the fraction of the floor
plan from which a given point is visible at the predefined angle; Sec-
tion 11, p. 137.

Visitor Experience - the memories of the art exhibition resulting from
the individual interactions between the visitor and the art objects con-
tained in that exhibition; see Section 2, p. 35 but compare with the
limitations noted in Section 26.5, p. 338.

Visual Attention - the cognitive process responsible for acquiring and
early processing of visual information from the environment; Sec-
tion 3.1.1, p. 42.

Visual Interaction - see: engagement.
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