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Expanding on the seminal work of G. Buswell (1935) and I. A. Yarbus (1967), we investigated how task instruction
influences specific parameters of eye movement control. In the present study, 20 participants viewed color photographs of
natural scenes under two instruction sets: visual search and memorization. Results showed that task influenced a number
of eye movement measures including the number of fixations and gaze duration on specific objects. Additional analyses
revealed that the areas fixated were qualitatively different between the two tasks. However, other measures such as
average saccade amplitude and individual fixation durations remained constant across the viewing of the scene and across
tasks. The present study demonstrates that viewing task biases the selection of scene regions and aggregate measures of

fixation time on those regions but does not influence other measures, such as the duration of individual fixations.
Keywords: eye movements, scene perception, task instruction, cognitive control, gaze control
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Introduction

Human vision is an active, dynamic process in which the
viewer seeks out specific visual input as needed to support
ongoing cognitive and behavioral activity (Findlay &
Gilchrist, 2001; Henderson, 2003, 2007). A critical aspect
of active vision is directing the eyes to task-relevant
stimuli in the environment. Current theoretical treatments
of human gaze control in active vision focus on two
sources of input to the control system: stimulus-based
sources and cognitive sources. Cognitive control, though
highlighted in two classic eye movement studies (Buswell,
1935; Yarbus, 1967) and a dominant theoretical driving
force in experimental psychological studies in the 1960s
and 1970s (e.g., Antes, 1974; Friedman, 1979; Loftus &
Mackworth, 1978; Mackworth & Morandi, 1967), has
taken a less central role in recent theorizing about the
control of eye movements in scene perception (Itti &
Koch, 2001; Koch & Ullman, 1985; Parkhurst, Law, &
Niebur, 2002; Parkhurst & Niebur, 2003). In the present
study, we were concerned with a particular aspect of
cognitive control: the influence of viewing task on the
control of eye movements during scene viewing.

Buswell (1935) and Yarbus (1967) both examined the
influence of viewing task on eye movements during
complex picture viewing. These studies began with the
observation that eye fixations are not randomly distributed
in a scene but instead tend to cluster on some regions at
the expense of others. For example, in Chapter 6, Buswell

doi: 10.1167/9.3.6

Received March 6, 2008; published March 13, 2009

(1935) asked a group of participants to first look at a
picture of a tower under free viewing instructions and then
look to find a person in one of the windows in the tower.
He noted that the fixation distribution changed dramati-
cally (as would be expected): participants fixated for
longer and more often when examining the tower with the
search instructions than with the free viewing instructions.
He also asked them to look once at a scene with no
particular instructions and then a second time, after
reading a description of the picture. He found that the
number of fixations made after the description was read
increased substantially (from 61 to 108 fixations). He
surmised that these changes in fixation number across
both experiments were due to the instructions (or
descriptions) arousing the interest of participants to
certain parts of the picture. He referred to these effects
as changing the “mental set” of participants as they
viewed the pictures.

In a classic comparison that has been widely described,
Yarbus (1967) asked a participant to look at the painting,
“The Unexpected Visitor” by LE. Repin under seven
different viewing instructions. Yarbus (1967, p. 174)
showed that eye movement patterns differed dramatically
with task instructions. For example, fixations were more
likely to land on the faces of the people in the image when
the instructions were to estimate the age of the people in
the painting rather than estimate the material circum-
stances of the family.

Both the Buswell and Yarbus studies strongly suggest
that task affects eye movement behavior during scene
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viewing. However, in both of these studies, viewing task
was not manipulated in a controlled manner. For example,
in both studies, task instruction was confounded with
viewing order. In addition, the reported data were sparse
and qualitative: both Buswell and Yarbus simply pre-
sented the scan patterns generated for each task and both
described the eye movement pattern according to which
parts of the picture seemed to have a greater cluster of
fixations. Buswell reported the number of fixations over-
all, but these were confounded with the fact that
participants were allowed to view the picture for as long
as they pleased, with no recording of those times.
Furthermore, although it is clear from these studies that
cognitive processes influence viewing patterns, it is
unclear which specific eye movement parameters are
affected by task. More fine-grained measures of eye
movement behavior were not presented. We are aware of
no published study that has attempted to directly examine
eye movements as a function of viewing task in a fully
controlled experimental design.

The second goal of the present study was to examine the
nature of fixation duration control during scene viewing.
In comparison to the reading literature, few research
studies have investigated the control of fixation durations
during scene perception (Castelhano & Rayner, 2008;
Henderson, 2003; Henderson & Hollingworth, 1998;
Rayner, 1998). The reason for this is quite simple: across
most studies, the task in reading is well understood to be
to comprehend the text. Therefore, models and theories of
eye movements of reading have been focused on under-
lying cognitive processes and have been able to account
for such measures as fixation placement and fixation
duration with great success (Engbert, Longtin, & Kliegl,
2002; Engbert, Nuthmann, Richter, & Kliegl, 2005; Kliegl
& Engbert, 2003; Reichle, Pollatsek, Fisher, & Rayner,
1998; Reichle, Pollatsek, & Rayner, 2006; Reichle,
Rayner, & Pollatsek, 2003). In contrast, with scene
perception the task is often varied and sometimes vague
(e.g., free viewing instructions or viewing for a preference
rating). As a result, it is more difficult to pinpoint the
underlying processes affecting fixation durations (but see
Henderson & Pierce, 2008; Henderson & Smith, in press;
van Diepen & d’Ydewalle, 2003).

A number of studies on scene perception and eye
movement control have been concerned with the nature of
image properties that are related to fixation location
(Henderson, Brockmole, Castelhano, & Mack, 2007,
Krieger, Rentschler, Hauske, Schill, & Zetzsche, 2000;
Mannan, Ruddock, & Wooding, 1996, 1997; Parkhurst
et al., 2002; Parkhurst & Niebur, 2003; Reinagel & Zador,
1999; Tatler, Baddeley, & Gilchrist, 2005), and computa-
tional models that have reflected this focus on the
placement of fixations (Itti & Koch, 2001; Torralba,
Oliva, Castelhano, & Henderson, 2006). Though fixation
position is an important component of eye movement
behavior, an equally important component is the amount
of time the eyes remain fixated in a particular scene
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region. Models of eye movement control that focus on
location but ignore duration lead to an incomplete account
and can even lead to misleading conclusions about the
nature of eye movement control (Henderson, 2003). The
average fixation durations across the entire scene as well as
the summed durations of consecutive fixations on a specific
region of interest are related to the ongoing perceptual and
cognitive activity (Castelhano & Henderson, 2008b;
Henderson & Ferreira, 2004; Henderson, Weeks, &
Hollingworth, 1999; Rayner, 1998).

Intimately related to control of fixation placement and
duration is the question of cognitive control over saccade
amplitudes across the entire scene. Reviews of natural
scene studies report that the average saccade amplitude is
between 4° and 5° on scenes that are on average 20°-30°
wide (Antes, 1974; Henderson & Hollingworth, 1998;
Rayner, 1998). It is clear from examination of Buswell’s
(1935) and Yarbus’ (1967) studies that saccade amplitude
is also affected by task instruction and so naturally would
be subject to some degree of cognitive control. However,
because saccade amplitude (and by proxy, fixation place-
ment) is governed by information not being directly
fixated, it is unclear to what extent stimulus factors versus
cognitive processes are influencing saccade patterns.
Generally, the degree to which fixation duration and
placement is influenced by viewing task in scene
perception is largely unexplored (but see Henderson et al.,
1999).

A related issue concerns the manner in which fixation
durations change over the course of viewing a scene. This
issue has been investigated in a number of studies but has
led to inconsistent results (Antes, 1974; De Graef,
Christiaens, & d’Ydewalle, 1990; Friedman & Liebelt,
1981; Henderson et al., 1999; Unema, Pannasch, Joos, &
Velichkovsky, 2005). Antes (1974) had participants view
10 different paintings for 20 s each under the instructions
that they were to examine each one and choose their
preferred painting at the end. With regard to fixation
durations across the course of viewing a single painting,
Antes found that the early fixations on the paintings
tended to be of shorter duration (~215 ms) than those in
the later part of the viewing (~310 ms) across all
paintings. Antes related this trend to the participants’
initial scanning of the painting with further scrutiny later
on. However, he also noted that early fixations tended to
fall on more informative areas initially and later fixations
on less informative ones. It is not clear that the change in
fixations monitored over the course of viewing was due to
a change in viewing strategy (i.e., the same task of
deciding preference in mind), or reflected differences in
the task itself (i.e., the participant is initially scanning the
picture, followed by a bored perusal of the less interesting
areas while waiting for the viewing period to end).
Although some studies have reported this increase of
fixation durations over the initial viewing of a scene
(Antes, 1974; Unema et al., 2005), other studies have
found the opposite pattern or no difference in fixation
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durations over the course of viewing the scene (De Graef
et al., 1990). Differences across stimuli and task instructions
across studies make comparison of these results difficult.

It is clear from the studies reviewed above that task has
a great influence on eye movements in scene viewing
(Buswell, 1935; Henderson et al., 1999; Yarbus, 1967)
just as it does in reading (e.g., reading vs. skimming,
Masson, 1983). However, in scene viewing, it is unclear
which specific eye movement parameters are affected by
task. In the present study, we investigate the nature of
fixation durations during scene viewing, how durations
may differ given the task instructions, and how fixation
durations fluctuate across the period spent viewing the
scene. We compared the eye movement patterns of
participants while they performed one of two scene
viewing tasks: visual search and memorization.

Participants

Twenty members of the Michigan State University
undergraduate participant pool participated in this experi-
ment. All had normal, uncorrected vision and received
course credit or $7 for participation.

Stimuli

Thirty-five photographs of complex real-world indoor
and outdoor scenes were digitized for the experiment.
Thirty of the scenes were the critical stimuli used in the
analysis, and five were used as target-present fillers in the
search condition. The scenes were displayed at a reso-
lution of 800 x 600 pixels x 32,768 colors and subtended
15° of visual angle horizontally and 12° vertically at the
viewing distance of 1.13 m. In the visual search condition,
a word naming the search target was presented prior to the
scene for that trial. The word was printed in a Times New
Roman font in black against a gray background and
subtended 4° by 1° on average.

Apparatus

The stimuli were displayed on an NEC Multisync XE
15-inch monitor driven by a Hercules Dynamite Pro super
video graphics adapter (SVGA) card with a refresh rate of
100 Hz. Eye movements were monitored using a Gen-
eration 5.5 Stanford Research Institute Dual Purkinje
Image Eye Tracker (Crane, 1994), which has a resolution
of 1 min of arc and a linear output over the range of the
visual display used. A bite-bar and forehead rest main-
tained the participant’s viewing position and distance. The
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right eye was tracked, though viewing was binocular.
Signals were sampled from the eye tracker using the
polling mode of the Data Translations DT2803 analog-to-
digital converter, producing a sampling rate slightly
greater than 1000 Hz. The display system and eye tracker
were interfaced with a computer running a 90-MHz
Pentium processor. The computer controlled the experi-
ment and kept a complete record of eye position and time
values over the course of each trial.

Procedure

Participants first read a description of the experiment
along with a set of instructions. The instructions indicated
that participants were taking part in two experiments, one
involving memorizing scenes, and the other involving
searching for particular objects in scenes. Participants
were told that their eye movements would be monitored
during these tasks. Task was blocked and the order of task
block was counterbalanced across participants. Each
viewing task was explained separately just before it was
to be performed, allowing each participant to receive a
short break between the two task blocks.

For the memorization task, participants were instructed
to view each scene in preparation for a later memory test
that would be administered at the end of the session. They
were told that the memory test would examine memory
for specific objects in the scenes. Following the instruc-
tions, the eye tracker was calibrated and three practice
trials were given, after which the eye tracker was
recalibrated and the participant viewed 15 scenes for 10 s
each. For the search task, participants were instructed to
locate within each scene the target object specified for that
trial. They were further instructed that when they had
found the target to continue to look at the target and press
the response button. Prior to each trial, a word naming the
target for that trial was presented in the center of the
display for 2 s. The scene was then displayed for 10 s or
until the participant pressed the response button indicating
that the target was or was not present. To encourage
participants to search the critical scenes exhaustively, the
search target was never present in the 15 critical scenes.
The search target was however present in the five filler
scenes.

In both conditions, eye tracker calibration consisted of
having the participant fixate 4 calibration markers at the
top, bottom, left, and right sides of the display area.
Calibration was checked by displaying a calibration
screen consisting of 5 test positions (center, top, bottom,
and left and right sides) and a fixation marker that
indicated the computer’s estimate of the current fixation
position. The participant fixated the test positions, and if
the fixation marker was approximately within +8 min arc
of each (this is equivalent to 8 pixels, which was defined
on the screen as a box surrounding the fixation marker),
calibration was considered accurate.
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A trial consisted of the following events. First, the
calibration screen was shown and calibration was
checked. The eye tracker was recalibrated whenever
calibration was deemed inaccurate. Following the calibra-
tion check, the participant fixated the center fixation cross
on a gray background to indicate that he or she was ready
for the trial to begin. The experimenter then started the
trial: The fixation display was replaced by the trial scene
in the memorization condition and by the search target
word for 2 s followed by the search scene in the search
condition. The scene remained visible for 10 s in both
conditions unless the participant pressed the response
button in the search condition. Following scene offset, the
calibration screen reappeared.

Each participant saw all 30 critical scenes plus 5 search
filler scenes in a within-subject design. The 30 critical
scenes were divided into two groups and the assignment
of scene group to task condition was counterbalanced
across participants so that each scene appeared in each
task condition an equal number of times, but each
participant saw each scene only once. The order of scene
presentation in each task block was determined randomly
for each participant. The entire experiment lasted approx-
imately 45 minutes.

Although participants were presented with 35 scenes in
total, only the 30 critical scenes were included in the analysis.
The visual search scenes analyzed did not have a target
object in order to maximize the amount of time participants
spent viewing the scene and to better approximate the time
spent viewing the scene in the memorization task.

Task performance

Participants reported approaching the two blocks as
separate tasks. Memory performance on a later difficult
object memory test in the memorization condition was
over 80% correct. The memory test was a two-alternative
forced-choice (2AFC) in which participants had to
discriminate between a single object cropped from a
previously viewed scene (in either of the tasks) and a
distractor matched at its basic-level category, making it
a relatively difficult memory test. A report focusing on
the performance data for the memorization and search
tasks can be found in Experiment 1 of Castelhano and
Henderson (2005). Total scene viewing time was 8.7 s on
average in the search condition, and 69% of the search
scenes were viewed for the entire 10 s maximum.
Therefore, the Search task was on average 1.3 s shorter
than the Memorization task. However, this difference did
not have any consequences for the measurements of
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interest, as shown below. Therefore, the primary eye
movement analyses were based on all the data.

Eye movement data analysis

Our primary concern in the present study was the nature
of eye movement behavior as a function of viewing task.
Raw eye movement data files consisted of time and position
values. Saccades were defined as changes in eye position
greater than 8 pixels (about 8.8 arcmins) in 15 ms or less.
Manual inspection of the raw data files confirmed that this
criterion effectively eliminated saccades while preserving
slow drifts. Once saccades had been identified, fixation
positions and durations were computed over the remaining
data. The duration of a fixation was the elapsed time
between two consecutive saccades. During a fixation, the
eyes often drift. The scored position for a given fixation was
the Euclidean average of the position samples (in pixel
values) taken during that fixation weighted by the durations
of each of those position samples. Thus, if the eye position
drifted over two pixels before coming to rest on a third, the
scored location of that fixation was the average value of
the three pixel positions weighted by the amount of time
the eyes were directed at each of the three pixels. The
duration of that fixation was then taken as the sum of time
on those three pixels (see Henderson, McClure, Pierce, &
Schrock, 1997). Following this procedure, fixation dura-
tions less than 90 ms were removed to eliminate fixation
artifacts resulting from signal overshoot in the dual-
Purkinje Image eye tracker and fixation durations greater
than 2000 ms were excluded as outliers, most likely
resulting from false locks in tracking. This procedure
eliminated 5.6% in the Visual Search task and 7.1% in the
Memorization task. All data reduction and analysis were
conducted using automated analysis software.

Figure 1 shows the typical viewing patterns for two
participants looking at a scene in the memorization and
search instruction conditions, respectively. The circles
represent fixations and the straight lines represent sac-
cades. Consistent with the results of prior studies, viewers
generally distributed their fixations across a large part of
each scene, with the majority of fixations landing on or
near objects (Buswell, 1935; Yarbus, 1967; see Henderson
& Ferreira, 2004, for review).

Several measures were calculated to quantify viewers’
eye movement patterns on the scenes and on specific
objects as a function of viewing task. These measures are
reported below. Eye movement measures for the entire
scene will first be reported, followed by eye movement
measures related to specific object processing in the scene.

Eye movement behavior on whole scene

For the analyses of the whole scene, eye movement
measures were analyzed from scene onset to the button
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Figure 1. Typical viewing patterns for two participants looking at a
scene in the (A) Memorization and (B) Visual Search instruction
conditions, respectively. The participants were asked to look for a
bucket in the visual search task.

press or timer expiration that terminated the trial. These
analyses were conducted to provide a global overview of
eye movements during the task and to allow comparison
against eye movement behavior in other types of scene
viewing studies.

We examined ten eye movement measures to address
the degree to which fixation patterns in complex real-
world scenes change as a function of viewing task. The
data from these measures are summarized in Table 1 and
Figures 2-5.

Memorization task

Castelhano, Mack, & Henderson 5

Spatial distribution of fixations

The first issue we examined was the degree to which
eye movements during scene viewing are distributed
differently as a function of viewing task. As discussed in
the Introduction section, eye movements are typically
distributed over informative scene regions at the expense
of uniform and uninformative regions. Whether or not a
given region is informative should be at least partly
determined by its task relevance. Therefore, to the extent
that cognitive factors influence the global distribution of
fixations over a scene, the prediction is that the spatial
distributions of fixations will change as a function of
viewing task.

Figure 2 shows the distribution of fixations in a scene
for all participants over the same scene performing each
of the task conditions. The figure was created by
convolving a fixation map with a Gaussian filter. Each
fixation was weighted according to the fixation’s duration
and the Gaussian filter was defined by a standard deviation
of 1 degree to approximate the size of the fovea (for
similar analyses of fixation distributions, see Henderson,
2003; Pomplun, Ritter, & Velichkovsky, 1996). To
quantify the spatial distribution of fixations shown in
Figure 2, we computed the percentage of each scene that
was foveated across participants. To calculate the area
fixated, a circular filter (1° radius) was placed centered on
each fixation for each scene under each viewing condition;
thus for each scene, the summed area occupied by the
circular filters represented the total area fixated. By this
measure, on average, participants fixated 48% of the area
of the scenes in the memorization condition and 37% in
the visual search condition across scenes, #(29) = 4.89,
p < 0.05. These data thus support the qualitative
observation that participants distributed their fixations
more widely in the memorization condition and concen-
trated fixations to certain areas in the visual search
condition that presumably would most likely contain the
target object.

Total scan path length

As an additional measure of the dispersion of fixations
in each of the tasks, we also calculated the total scan path

Visual search task

Mean SE Mean SE Difference
Percentage of scene area fixated 48% 0.08% 37% 0.09% 11%*
Total scan path length 82° 2.2° 74° 2.4° 8o**
Total number of fixations 27.6 0.09 242 0.08 3.4
Average fixation duration (ms) 287 0.29 292 0.24 =5
Average saccade amplitude (deg) 3.0° 0.03 3.1° 0.03 —0.1
Elapsed time to first saccade execution (ms) 317 9.73 269 7.14 48**

Table 1. Global measures of eye movement behavior in complex real world as a function of viewing task. Note: *p < 0.05; **p < 0.01.
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Figure 2. The distribution of all fixations of all participants over the same scene. (Top) The original image viewed by participants. (Bottom
left) The image showing placement of all fixation in the Memorization task condition. (Bottom right) The image showing fixation placement
in the Visual Search task condition. As can be seen qualitatively in this figure, fixations tended to be more distributed in the memory
condition and more focused on search-relevant regions in the search condition. In this image, participants were asked to look for a bucket
and fixations were concentrated in the windows of the hardware store (see text for more information on how these images were created).

length." In degrees of visual angle, we found that on
average the total length of the scan path was significantly
greater in the Memorization task (82°) than in the Visual
search task (74°), ¢(19) = 2.77, p < 0.01.

Total number of fixations

Related to the measure of total scan path length, we also
examined the total number of fixations. We found that the

total number of fixations was greater in the Memorization
task (~28) than the Visual Search task (~24), #(19) =
5.21, p < 0.001.

Although we found significant differences in the total
scan path length and the total number of fixations as a
function of task, it is possible that these differences were
due to differences in viewing time. Specifically, for the
Visual Search task, the total number of fixations was
~87% of the Memorization task and the total scan path
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length was ~90% of the Memorization task. This is
equivalent to the difference in viewing times (viewing
times for the Visual Search task is ~86% of the
Memorization task).? We conducted a second analysis to
equate viewing times for these two measures by including
only fixations occurring within the first 8.7 s for each task
type. We found that the task had a marginal effect on total

scan path length (Memorization: 72° and Visual Search:
66°, 1(19) = 1.89, p = 0.075) and had a significant effect on
fixation count (Memorization: 24 and Visual Search: 22,
t(19) = 4.19, p < 0.01). Taken together, the effect of task
on these two measures seems to be due to more than
simply the increased time participants spent viewing the
scene in the Memorization task.
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Fixation duration distribution

The fixation duration distribution for each task is
shown in Figure 3. The shapes of the distributions for
each task were similar. To examine the distributions
more closely, we analyzed the mean and ordinal initial
fixation durations for each task.

Average fixation duration

Fixation duration has been shown to be a sensitive
measure of ongoing cognitive processing in reading
(Rayner, 1998) and similarly reflects ongoing processing
in scene viewing (Henderson & Pierce, 2008; Henderson
& Smith, in press). To determine whether overall fixation
durations were on average different in the two task
conditions, we computed each participant’s average
fixation duration across all scenes and compared the
participant means as a function of viewing task. The
average fixation duration was a non-significant 5 ms
shorter in the memorization than the visual search
condition, #(19) = 0.799, ns.

Fixation duration by ordinal fixation number

It has sometimes been reported that fixation duration
changes over the course of scene viewing (Antes, 1974;
Friedman & Liebelt, 1981; Unema et al., 2005). We
therefore conducted an analysis of fixation durations as a
function of ordinal fixation number in the scene and
viewing task to determine whether durations change over
the time course of scene viewing, and if so, whether
differences in durations as a function of task might be
revealed at different ordinal time points (Figure 4A).
Analysis of the first five fixations on the scene revealed an
effect of ordinal fixation number, F(19) = 18.03, p < 0.01,
but no effect of task, F < 1. Further analyses over the first
five fixations showed a significant linear trend present for
the Visual Search task, F(98) = 42.86, p < 0.01, and
Memorization task, F(98) = 8.93, p < 0.01. There were no
effects for the last 5 fixations (all F’s < 1).3 The increase
in fixation durations over the first few fixations during the
initial viewing of the scene in both tasks suggests a quick
initial scene scan.

Elapsed time to first saccade execution

At the onset of the scene, the participants’ fixation is
directed at the center of the scene. The initial perception of
the scene involves identifying the scene being presented
(Castelhano & Henderson, 2007, 2008a; Potter, 1976;
Schyns & Oliva, 1994) but also deciding and planning
where to direct the next fixation (Castelhano & Henderson,
2007). Holding all else equal, it seems reasonable to
assume that differences across tasks in the time to execute
the first saccade after scene onset is due to a combination
of these processes. We analyzed the elapsed time to the
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first fixation and found that there was an effect of task,
t(19) = 4.71, p < 0.01. Time to the execution of the first
saccade upon scene onset was 48 ms longer in Memo-
rization than in Visual Search, suggesting there was a
greater time spent committing the information to memory
and possibly on planning the first eye movement.

Saccade amplitude distribution

Figure 5 shows the frequency distribution of saccade
amplitudes for each task condition. The saccade distri-
butions for each task appear similar. To look at possible
differences in saccade amplitude across task conditions,
we analyzed the average saccade amplitude and the
initial ordinal saccade amplitudes.

Average saccade amplitude

The average saccade amplitude was only 0.06° longer in
the Visual Search task than the Memorization task and did
not differ significantly, #(19) = —0.62, ns. To more closely
inspect a possible effect of task on saccade amplitude, we
also analyzed the initial saccades made after scene onset.

Saccade amplitude by ordinal fixation number

Figure 4B shows the average saccade amplitude by
ordinal fixation number in each task. To analyze these
distribution differences, we looked at the average length
of the first 5 saccades made on the scene for each task in a
within-subject ANOVA. There was an effect of task,
F(1,19) = 9.73, p < 0.01, in which initial saccades were
longer on average during Visual Search than Memoriza-
tion. There was also an effect of ordinal saccade
amplitude, F(1,19) = 5.93, p < 0.01. Further analyses
showed significant linear trends for both the Visual
Search task, F(1,98) = 8.87, p < 0.01 and Memorization
task, F(1,98) = 4.81, p < 0.05. There was no significant
interaction.

Eye movement behavior on objects during
scene viewing

For the object-level analyses reported below, eye
movement behavior on discrete objects in the scenes was
of interest. Scoring regions for these objects were defined
by a rectangular box that was just large enough to
encompass that object (see Figure 6). The pixel coor-
dinates of the box were then taken as the position of the
object. The same objects and scoring boxes were used in
the analysis of the two viewing instructions. For the object
analyses, each fixation in a scene was determined to be
within or outside of the scoring box based on its pixel
position value as defined above. Assignment of fixation
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Figure 6. A sample scene in which three isolated objects were
defined in order to analyze differences in eye movement behavior
on discrete objects. The only criterion for each scene was that the
three chosen objects were not occluded.

position to object regions was independent of the initial
generation of fixation positions.

We examined eight measures of eye movement behav-
ior to address the degree to which eye movements on
objects in complex real-world scenes changes as a
function of viewing task. With the exception of the
proportion of objects fixated, each measure was condi-
tional on fixation of the target object, so non-fixations did
not contribute to the computed means. The measures were
subdivided into two groups:

a. measures that reflect properties of single fixations
and
b. measures that reflect aggregate fixations on objects.

The means for these measures are reported in Table 2.

Proportion of objects fixated

Of the three objects defined in each scene, we
calculated the proportion of objects that were fixated at

Memorization task
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least once as a function of task. We found that the
proportion of objects fixated was 13% greater in the
Memorization than Visual Search task, #(19) = —4.23,
p < 0.001. The result is consistent with the spatial
distribution of fixation measure described above showing
a greater distribution of fixations in the Memorization than
Visual Search task.

Average saccade amplitude to object

In order to look at possible effects of task on saccade
amplitude, we also calculated the average saccade
amplitude that preceded the first fixation on an object.
We found that the 0.17° difference between tasks was not
significant, #(19) = 1.07, ns.

Average fixation duration and first fixation duration

The average fixation duration was only 11 ms longer in
the Memorization than Visual Search task and not
statistically significant, #(19) = —1.25, ns. We also found
for the first fixation durations that the 14-ms difference
between the tasks was not significantly different, #19) =
—1.43, ns.

First gaze duration

Initial processing of the objects was also measured by
looking at the first gaze duration. First gaze duration is
defined as the sum of all fixations made within the
defined object region before the eyes fixate another
location outside the region. We found that the average
first gaze duration on objects was 91 ms longer in the
Memorization than Visual Search task, #(19) = —7.27,
p < 0.001.

First gaze fixation count

In addition to duration, initial fixation density on
individual objects during the initial processing was
measured by looking at the first gaze fixation count. First

Visual search task

Mean SE Mean SE Difference
Proportion of objects fixated 0.66 0.020 0.53 0.024 0.13**
Average saccade amplitude to object (deg) 3.63 0.10 3.80 0.07 -0.17
Average fixation duration (ms) 290 9.08 279 6.09 11
Average first fixation duration (ms) 286 8.82 271 6.13 14
First gaze duration (ms) 439 11.40 348 8.90 91**
First gaze fixation count 1.6 0.05 1.3 0.04 0.3*
Total time (ms) 830 30.40 644 18.50 185*
Total number of fixations 27 0.07 22 0.05 0.53**

Table 2. Measures of eye movement behavior on discrete objects in

*p <0.01; **p < 0.001.

complex real-world scenes as a function of viewing task. Note:
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gaze fixation count is defined as the initial number of
fixations made within the defined object region before the
eyes fixate another region. We found that the average first
gaze fixation count was 1.6 fixation for the Memorization
task and 1.3 for the Visual Search task, #(19) = —5.73,
p <0.01.

Total time on objects

The Total Time on objects was calculated by summing
all fixations on an object. We found that total time spent
on objects was 185 ms longer when participants were
performing the Memorization than when performing the
Visual Search task, #(19) = —4.77, p < 0.001.

Total number of fixations on objects

Related to the Total Time, we also looked at the average
total number of fixations on an object over the whole
viewing period. We found that the number of total
fixations was greater for the Memorization than Visual
Search task, #(19) = —7.05, p < 0.001, which is consistent
with the other aggregate eye movement measures reported
above.

General discussion

The present study investigated how task instruction
affects eye movement patterns during the viewing of a
scene. The effect of task on eye movement patterns has
been long established by pioneers of research into eye
movement patterns (Buswell, 1935; Yarbus, 1967). How-
ever, as convincing as they are, the accounts of these
effects are descriptive, fixation data are depicted as
images, and the results lack quantification. We sought to
provide quantitative analyses, with a specific emphasis on
investigating the nature of fixation durations in addition to
their placement. We found that task effects are observed at
both the scene and object level of analysis. We also found
that task affected both the placement and fixation duration
patterns during scene viewing.

Task effects on eye movements across the
whole scene

At the level of the whole scene, fixations were more
distributed in the memorization condition and more
focused on search-relevant regions in the search condition,
which directly replicate the findings of Buswell (1935)
and Yarbus (1967). This is not a surprising finding when
we consider the strategies involved for each task. In the
Memorization task, participants were told that they would
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be tested on specific objects within the scene, and so to
improve encoding of the different objects, it makes sense
that they would try to fixate as many different objects as
possible. This pattern of spreading fixations over many
different objects was also reflected to some extent in the
total scan pattern and to a greater extent in the greater
total number of fixations; that is, there was a numerically
longer scan pattern and a higher count of fixations in the
Memorization than in Visual Search task. In the Visual
Search task, fixations were more narrowly focused within
the scene, and we can assume that participants limited
their fixations to areas that most likely contained the
target. This finding is consistent with other studies
showing that context information leads to more efficient
searches (Brockmole, Castelhano, & Henderson, 2006;
Brockmole & Henderson, 2006, 2008; Castelhano &
Henderson, 2007; Chun & Jiang, 1998; Neider &
Zelinsky, 2006). Furthermore, this effect of context has
been implemented in a recent computational model by
Torralba et al. (2006), which showed that participants’
fixations largely remained within scene areas that were
statistically most likely to contain the target object.

We found that for both tasks average fixation durations
increased as viewing time increased (for the first 5
fixations) and then remained stable in the later viewing
period. This finding is consistent with earlier studies that
reported similar patterns (Antes, 1974; Friedman &
Liebelt, 1981; Unema et al., 2005). We found that the
fixation durations stopped increasing after only ~2 s. This
steep increase during the first seconds of viewing is also
found in other studies in which the task demands rely on
the quality of the initial performance (e.g., ~3.4 s in
Unema et al., 2005). One could conclude based on the
fixation duration data that the initial scanning of the
scenes did not differ between tasks. However, the saccade
amplitude measure across the whole scene seems to point
to a different pattern, which we will turn to now.

When we examined average saccade amplitude, there
were no systematic differences between tasks; however,
there were differences in the saccade amplitude during the
initial viewing of the scene. We found that participants
made longer saccades during initial viewing in Visual
Search versus Memorization, while later saccades did not
differ across tasks. Again, this difference can be attributed
to the strategies that participants are implementing as they
examine the scene in each task condition. However, it is
not clear whether the difference in saccade amplitude is
due to the participants staying closer to the center during
the initial encoding for the Memorization task, or whether
they are simply scanning the whole scene more thor-
oughly in the Visual Search task. It is not clear what a
proper baseline for these tasks would be, but in a
preference rating task, Antes (1974) found that the
average saccade amplitudes seem to decrease with
increased viewing time. If we see this as the default (an
initial wide scanning of the scene with the first few
seconds of viewing), then it may be that when a
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memorization strategy is implemented the system can
immediately start to examine details without the need for
an initial wide scanning of the scene. This finding is in
direct contrast to other studies that report that the first few
fixations are controlled by stimulus factors alone (De
Graef et al., 1990; Mannan, Ruddock, & Wooding, 1995).
For instance, Mannan et al. (1995) measured eye move-
ments while viewers examined grayscale photographs for
3 s each. The photographs were either high-pass filtered,
low-pass filtered, or unfiltered. Results showed that
fixation positions were similar on the unfiltered and low-
pass filtered scenes during the first 1.5 s of viewing.
However, as noted by Henderson and Ferreira (2004),
even if eye movement control is largely determined by
stimulus factors during the initial scanning of the scene,
this does not prevent fixations from being influenced by
task. In the present study, the immediate implementation
of the memorization strategy is also seen with the elapsed
time to the first saccade and is discussed further below.

The elapsed time to the execution of the first saccade
was much longer for the memorization task than the visual
search task. This elapsed time until the first fixation (or
the initial fixation at scene onset) is theoretically different
from other fixations made on the scene because it involves
identifying the scene being presented (Castelhano &
Henderson, 2007, 2008a; Potter, 1976; Schyns & Oliva,
1994), as well as deciding and planning where to target
the next fixation (Castelhano & Henderson, 2007). The
additional 48 ms in the Memorization task, in addition to
the shorter initial saccade amplitudes discussed above,
suggest that the effect of task was immediate. That is, the
largest differences between the tasks were seen within the
first few seconds of viewing with both saccade amplitude
and fixation duration becoming similar in the latter part of
the viewing period. This immediate effect is interesting in
light of other top-down influences, such as the effect of
scene context on the examination of objects within the
scene (De Graef et al., 1990; Henderson et al., 1999;
Rayner, Castelhano, & Yang, 2009), which seem to only
emerge in later viewing. Top-down effects due to scene
semantics seem to take a while to onset (relative to the
whole viewing period), while top-down effects of task
are seen immediately and seem to be more pronounced
in the first few seconds of viewing.

Task effects on eye movements on objects

To better understand the effect of tasks on the
examination of objects within the scenes, we also looked
at fixation patterns on objects. As would be expected from
the effect of task on the distribution of fixations, we also
found that participants tended to examine more objects in
the memorization task condition. However, theoretically
more interesting is the failure to observe an effect of task
on the average fixation duration. The reason this is
interesting or even surprising is that the lack of an effect
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of the task goes against the findings in the reading
literature, in which effects of task, context, word difficulty,
and word length are seen at the level of the average
fixation duration (Rayner, 1998). Instead, we found that
task affected gaze duration by modifying the number of
fixations within a gaze on a given object. The same
pattern was also seen across other aggregate measures of
eye movements on the objects viewed in the scenes. This
finding is consistent with the failure to observe effects of
other factors on individual fixation durations during scene
viewing (see Henderson & Ferreira, 2004; Henderson &
Hollingworth, 1998, for review; but see Henderson &
Pierce, 2008; Henderson & Smith, in press).

In general, participants tended to spend more time
fixating objects in the Memorization task than in the
Visual Search task. However, this was seen in the number
of times that the objects were fixated, not in the average
fixation duration. This finding is consistent with an earlier
study by Loftus (1972) that reported memory for scene
regions was not related to the average fixation duration
but rather to the number of fixations made on the region.
The finding that the number of fixations is greater for
memory than the visual search task can be easily
attributed as a system level strategy by which visual
information in the memory task is encoded more thor-
oughly. However, because an equivalent effect is not
found at the level of the fixation duration may indicate a
limit in the architecture governing the decision of when to
move the eyes. Rather than influencing when the eyes
move, the effect of the task on scenes was observed in
regards to where the eyes move.

When to move the eyes during scene
perception

Based on Morrison’s (1984) reading model, researchers
(Henderson, 1992; Rayner, 1998) have suggested that the
decision of when to move the eyes during scene viewing
is based on the processing of currently fixated visual
information to a certain level. In reading, that level is
thought to be lexical access of the word (Reichle et al.,
2003), whereas in scene viewing, it is proposed to be the
recognition of the object at fixation (Henderson, 1992). In
a recent set of studies, Henderson and colleagues
(Henderson & Pierce, 2008; Henderson & Smith, in press)
investigated the degree to which the currently fixated
visual information affects fixation durations on scenes. By
masking the stimulus at the end of a saccade, the
availability of the scene information was delayed. The
rationale (based on Rayner & Pollatsek, 1981) was that if
fixation durations depend on the information currently
being encoded, then the fixation durations should increase
in proportion to the delay of the stimulus onset. Results
showed that although there was a subpopulation of
fixations whose durations were not affected by the delay,
for a second population of fixations there was a substantial
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link between the availability of the fixated information
and the duration of the fixations. The authors conclude
that fixation duration in scene viewing is partially
controlled by the immediately available information from
the scene.

The effect of the information at fixation on duration has
also been reported in other scene viewing studies. For
example, researchers have found that stimulus factors
such as semantically inconsistent objects result in longer
fixation durations (Friedman, 1979; Henderson et al.,
1999). These longer fixation durations have been attrib-
uted to the requirement of more visual analysis of local
details for inconsistent objects and to consolidation of the
inconsistent information into the familiar scene gist or
schema. So, for semantic anomalies, fixation durations are
thought to be directly affected by higher order cognitive
processes (Henderson & Hollingworth, 1999).

However, until now no study (that we are aware) has
directly investigated the effects of task on individual
fixations. In a study by Henderson et al. (1999), task
instructions were manipulated across experiments, and
on average, fixation durations were numerically longer
(38 ms) in the Memorization experiment than in the
Visual Search experiment. In the present study, we found
an 11-ms difference that was not significantly different.
The earlier study was not designed to directly compare the
effects of task on fixation duration and no gaze duration
measures were reported (due to the fact that when
fixations landed on or near the target in the visual search
task, the participant would terminate the trial). So, from
this previous study, it is difficult to determine what role
task instruction played in controlling fixation and gaze
durations during scene viewing.

In the current study, we found that task influences gaze
duration but not average fixation duration. This finding of
longer gaze durations is similar to higher order cognitive
effects mentioned above (i.e., semantic inconsistency);
time spent examining objects in a memorization task is
greater than the time spent during a visual search, just as
time fixating a semantically inconsistent object is greater
than a semantically consistent one. Based on the notion
that fixation durations are determined by the amount of
processing completed (Henderson, 1992; Rayner, 1998), it
is possible to posit why there is a qualitative difference
between the increase in examining individual objects
within scenes for inconsistent semantic information vs.
task instruction information. For the inconsistent informa-
tion, fixations durations could be longer either because
object recognition processes for unexpected objects
require more time, or because memory consolidation for
unexpected objects takes longer (Henderson, 1992). Slow-
ing down of object recognition does not apply to the
present study. However, despite being easily recognized, a
successful implementation of a memorization task instruc-
tion requires that object information be properly con-
solidated to ensure that the information is available for the
memory test. Thus, to increase the time spent on the
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currently fixated information, the system simply plans a
refixation of the object when the criteria for saccade
initiation (e.g., object recognition) are met.

Conclusions

We have attempted to outline in this paper the specific
effects of task on eye movement control during examina-
tion of real-world scenes. This research has highlighted
some differences from reading that are perhaps unex-
pected. Namely, the influence of task is found at the level
of aggregate eye movement measures and not at the level
of individual fixations. As discussed above, although this
finding is consistent with some other studies on scene
perception, it is inconsistent with other studies examining
higher order processing. For instance, individual fixation
durations are thought to be affected by semantic anoma-
lies. Here, we found that for a memorization task, in which
performance would benefit from longer fixation times, the
individual fixation durations did not differ from a visual
search task. This is the most intriguing finding of the
present study and more research is needed to differentiate
between these different effects of higher order cognitive
processing on the control of gaze. For instance, in the case
of some ambiguous visual information where the task is to
memorize versus search, will fixation durations then reflect
differences in task? Previous studies suggest that longer
fixation durations reflect the need for more visual analysis
of local details or for consolidation of inconsistent
information into a schema. Building on the present study,
we believe that manipulating task and stimulus properties
would give rise to valuable information on the control of
eye movements and the architecture of the visual system.
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