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On the perception of natural scenes:
an introduction to the special issue

Benjamin W. Tatler
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In this special issue we consider a range of current
approaches to understanding aspects of how we visually
inspect and encode scenes. This issue follows up a sym-
posium on natural scene perception that was held at the
14™ European Conference on Eye Movements in Potsdam
in 2007. In this period of extensive and diverse study of
scene perception it is important to consider how the vari-
ety of approaches and topics studied relate to one another
and to the overall aim of this area of visual Psychology.
Ultimately our aim must be to understand how vision
serves our operation during natural behaviour in real en-
vironments. Yet, due to obvious technological and meth-
odological limitations, much of the scene perception
work to date has used simplified stimuli and experimental
paradigms that fall short of truly natural settings. To
achieve the necessary experimental rigour it has been
necessary to tackle issues of scene perception under con-
ditions that allow greater experimental control. The bal-
ance between naturalness and control in recent years has
often come from using photographic images of natural
scenes or computer rendered scenes. It is these two-
dimensional representations of real scenes that are those
studied in most of the papers that comprise this special
issue. Dynamic movie sequences offer a step between
static 2D scenes and real 3D environments and are begin-
ning to be used by a number of research groups working
in this area. The penultimate paper of this special issue
shows one aspect of how dynamic scenes can be em-
ployed to further our knowledge of the perceptual proc-
esses operating when we view scenes.

How we visually sample and encode information from
scenes has been at the heart of eye movement research
since Dodge, Judd and Stratton first noted the discontinu-
ous sampling by the eye when viewing patterns and sim-
ple line illusions. Stratton (1902, 1906) and Judd (1905a,
b) both noted that the oculomotor behaviour as people
viewed line illusions did not map clearly onto the percep-
tual experiences of those illusions — for example, there
was no evidence that particular patterns of looking either
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promoted or denied the experience of seeing the illusion.
A landmark study of scene perception was that of
Buswell (1935) who recorded eye movement behaviour
as people viewed paintings and photographs of natural
scenes. Buswell’s work revealed a number of key insights
that still underlie questions in contemporary scene per-
ception research.

First, he noted that, consistently across observers,
there are regions of the scene that receive little or no in-
spection by the eyes, and others (which he called ‘centers
of interest’) that are fixated frequently and by most ob-
servers. This observation suggests that there may be as-
pects of the visual information present at the ‘centers of
interest’ that ‘attract’ the viewers’ attention. Whether
fixations are attracted to particular visual features has
become a prominent question in eye movement research
and remains controversial. In recent years the dominant
quantitative model of eye movement behaviour when
viewing complex scenes has been Itti and Koch’s (2000)
salience model. This model proposes that low-level in-
formation extracted from the visual scene is a key factor
in determining where observers will fixate. Whether
models based on visual salience or conspicuity can offer
a good account of where humans fixate has been the fo-
cus of a large volume of recent literature. Certainly corre-
lations between where people fixate and the presence of
visual features in scenes have been demonstrated (e.g.,
Itti and Koch, 2000; Parkhurst et al., 2002), but these
correlations are weak (e.g., Tatler, 2007; Tatler, Baddeley
and Gilchrist, 2005a) and, of course, caution must be
exercised when interpreting correlations as causal
(Henderson, Brockmole, Castelhano & Mack, 2007). In
this special issue, Nystrom and Holmgqvist present a
new technique for evaluating whether the correlation be-
tween features and fixation reflects a role for low-level
features in eye guidance or emerges from correlations
between higher-level factors and low level image fea-
tures. They find that if they reduce the visual feature in-
formation, or salience, at semantically informative re-
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gions, such as a person’s face, in a scene, observers still
look at these locations. Their work provides an elegant
case for the involvement of low-level image features be-
ing very small when viewing semantically-rich scenes.

A second contribution of Buswell was to note that
viewing behaviour changes over time when we view a
scene: the consistency between observers in where is
fixated is far higher in the first few seconds of viewing
than it is in the last few seconds. The question of how
viewing behaviour changes over time is explored in sev-
eral of the papers in this special edition. That several of
these papers consider how eye movement behaviour
changes over time reflects a current change in the focus
of scene perception research from treating each fixation
as an isolated event (which is computationally appealing
and simple) to recognising (as Buswell did) that there
may be crucial information about eye movement behav-
iour that can be gleaned from understanding the sequen-
tial nature of fixation selection. Nystrom and Holmqvist
contribute to the ongoing debate about whether the first
few fixations are more dominantly guided by image fea-
tures than later fixations (Parkhurst et al., 2002) or not
(Tatler et al., 2005a). Their work suggests that the in-
volvement of features in selecting the first fixation is no
different to that in selecting later locations to fixate.
Humphrey and Underwood consider the similarity of
sequences of fixations when viewing and later recognis-
ing or imaging the same scenes. These authors show that
similar sequences of fixations are produced when view-
ing a scene as when later recognising the same scene.
Similarly, when mentally imaging a scene soon after
viewing, or 2 days after viewing the sequence of eye
movements is similar. Humphrey and Underwood’s
work offers an interesting return to ideas first explored by
Noton and Stark (1971), which have for a long time been
controversial. A slightly different approach to the same
question of how viewing behaviour changes over time is
found in Pannasch, Helmert, Roth, Herbold and Wal-
ter’s contribution to this special issue. These authors ex-
plore the possibility that has been previously suggested
that there may be at least two modes of viewing a natural
scene: a global or ambient mode of looking, where the
general layout of the scene is extracted, and a more focal
mode of viewing particular aspects of the scene. In par-
ticular, these authors explore the previous suggestion by
their group that ambient scanning dominates the first few
seconds of viewing a scene, whereas focal scanning
dominates later viewing (e.g., Unema, Pannasch, Joos, &
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Velichkovsky, 2005). Their work systematically explores
whether this apparent difference in viewing modes early
and late in viewing a scene is robust across a range of
viewing situations, including repeated viewing of scenes,
the density of objects in a scene, the emotional valence of
the scene contents, and the mood of the observer. That
the early/late differences in viewing style (quantified by
the relationship between saccade amplitude and direction)
is stable across all these conditions is used to support the
notion that this change from ambient to focal viewing
may be a fundamental feature of how we view natural
scenes. Tatler and Vincent further explore the sequential
dependencies between successive saccades and fixations.
These authors find support for there being periods of fo-
cal scanning, characterised by sequences of small ampli-
tude saccades, interspersed with large relocations to new
scene regions. They also find support for the existence of
corrective saccades in natural scene viewing: small am-
plitude saccades that follow (and are in the same direc-
tion as) large amplitude saccades, and are preceded by
short duration fixations. Their findings also speak to the
question of inhibition of return in scene viewing, showing
an increased latency before saccades launched in the
opposite direction to the previous (therefore returning in
the direction from which a saccade had just been
launched), but no decrease in the frequency of such return
saccades. Tatler and Vincent’s work clearly demon-
strates that we cannot treat saccades and fixations as iso-
lated events in any attempt to understand eye guidance.

While how we inspect a scene is a fundamental ques-
tion in scene perception research, it is not the only focus
of contemporary work in this area. As the early eye
movement researchers — Dodge, Judd, Stratton and
Buswell — all noted, there is a large discrepancy between
the disjointed sampling by the eye and the smooth and
complete experience that we have of our visual surround-
ings. A prominent recent direction of scene perception
research has been to consider how information from fixa-
tions is retained and integrated into representations and
memories of scenes. Interest in this question intensified
when it was realised that we are often unaware of large
changes that occur in scenes we are viewing, provided the
changes coincide with brief interruptions to viewing (e.g.,
Grimes, 1996; Rensink, O’Regan and Clark, 1997). This
phenomenon is known as change blindness and is a strik-
ing demonstration that the representations we encode
from the visual information we sample may be rather
sparse. Smith and Henderson extend the wealth of pre-
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vious research on change blindness to the relatively un-
der-studied but very familiar medium of film. In film we
experience frequent cuts within and between scenes, and
these can introduce very large changes in the visual in-
formation presented to the viewer. Despite this, we are
able to watch and make sense of film exceptionally well
and we are often unaware of these edits. Smith and
Henderson offer a first systematic exploration of the
extent to which we are blind to these edits in film and
find that cuts often go unnoticed by the viewer even when
they are specifically asked to look out for them. Further-
more, different types of cuts are detected with different
frequencies: those that adhere to rules laid down by film
makers are more often missed than those that violate
these editing ‘rules’.

The phenomenon of change blindness and Smith and
Henderson’s demonstration of ‘edit blindness’ both
clearly illustrate that visual representation is less veridical
and comprehensive than previously thought. However,
these results do not preclude the possibility that some
information survives and is integrated into long-term
memories of objects. Previous authors have shown that
object recall may can be quite good and that information
about objects accumulates over multiple fixations (e.g.,
Hollingworth & Henderson, 2002; Melcher, 2006; Tatler,
Gilchrist & Land, 2005b). V6, Schneider and Matthias
offer a first extension of this study of object memory into
considerations of individual differences in visual atten-
tion capabilities. Vo and Schneider show that the storage
capacity of VSTM — assessed using Bundesen’s (1990)
Theory of Visual Attention parameters — dramatically
influences object memory. Those with higher VSTM
capacities were better able to distinguish new from previ-
ously-seen objects at test than those with lower VSTM
capacities. This work demonstrates that individual differ-
ences in visual processing abilities must be considered in
any comprehensive understanding of how we encode and
remember information from natural scenes.

It is clear from the range of papers included and the
topics covered that there remain many unanswered ques-
tions in how we perceive natural scenes: from how we
view scene to what we represent in long term memory.
Yet, progress is being made. Certainly, we have refined
the questions we need to ask and the techniques that we
can use to ask them. Perhaps the biggest remaining chal-
lenge in this field, and one that is sadly not represented in
this special issue, is to extend the wealth of current un-
derstanding and research effort into truly natural envi-
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ronments. Our goal must be to understand how vision
serves behaviour in natural settings yet the vast majority
of research into natural scene viewing uses images dis-
played on computer monitors. Such simplified experi-
mental settings of course fall well short of the demands
and requirements of operating within a real environment
and we must seriously ask the question whether the in-
sights we have gained from these laboratory-based set-
tings really tell us how perception operates in natural
environments. In the past technological limitations of eye
tracking equipment have limited what has been possible
realistically to study in real world settings, but this limita-
tion is no longer as strong as it was. Hopefully, over the
next few meetings of the European Conference on Eye
Movements we will see an increasing shift of natural
scene perception research into dynamic real world envi-
ronments. Only when this shift is made will we be able to
evaluate what we have learnt about viewing images of
natural scenes. The artificial situation of sudden onsets
and offsets of scenes and the physical constraints of the
monitor may themselves have a strong influence on how
we view scenes (e.g., Tatler, 2007), and if these con-
straints do not operate in the real world, we may find that
our understanding of natural scene perception undergoes
some interesting developments in the next few years...
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