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We conducted a visual feature search experiment in which we varied the target-distractor-
similarity in four steps, the number of items (4, 6, and 8), and the presence of the target. In
addition to classical search parameters like error rate and reaction time (RT), we analyzed
saccade amplitudes, fixation durations, and the portion of reinspections (recurred fixation
on an item with at least one different item fixated in between) and refixations (recurred
fixation on an item without a different item fixated in between) per trial. When target-
distractor-similarity was increased, more errors and longer RTs were observed, accompa-
nied by shorter saccade amplitudes, longer fixation durations, and more reinspec-
tions/refixations. An increasing set size resulted in longer saccade amplitudes and shorter
fixation durations. Finally, in target-absent trials we observed more reinspections than
refixations, whereas in target-present trials refixations were more frequent than reinspec-
tions.

The results on saccade amplitude and fixation duration support saliency-based search theo-
ries that assume an attentional focus variable in size according to task demands and a vari-
able attentional dwell time. Reinspections and refixations seem to be rather a sign of in-
complete perceptual processing of items than being due to memory failure.
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Introduction

As common as visual search is in everyday life, as
long is its history in scientific research. Whereas an abun-
dance of literature exists relating measures of search effi-
ciency like error rates and reaction times to attention,
much less research has been undertaken to investigate
search efficiency via eye movement parameters in regard
to attention, and many questions are still open.
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In the research presented here, we analyzed scan paths
in visual feature search with graded target-distractor-
similarity in a typical search paradigm. We investigated
visual search efficiency in terms of amplitudes of sac-
cades, fixation durations, and number of reinspec-
tions/refixations in dependence of the experimental condi-
tions target-distractor-similarity, set size, and target pres-
ence. Based on the results, we drew conclusions on how
the three eye movement parameters relate to three hypo-
thetically underlying attentional concepts: the attentional
focus size, the attentional dwell time, and the depth of
attentional processing. Finally, by proposing these rela-
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tions, we were able to provide empirical support for the
reaction time model of visual search STRAVIS (STRate-
gies of VIsual Search; Miiller-Plath & Pollmann, 2003),
which is a modified version of Wolfe’s Guided Search
(1994), and suggest improvements.

Search efficiency in terms of search rates, eye
movement parameters, and attentional processes

In the tradition of visual search, search rates have been
generally interpreted to draw conclusions regarding proc-
esses of visual attention (Treisman & Gelade, 1980). In
general, flat reaction time curves with increasing set sizes
argue for a more efficient search than steep reaction time
curves (see Wolfe, 1996, for a review). Since in the reac-
tion time slope the size of the attentional focus, the dwell
time, and the total number of visits per item group are
inextricably confounded, the search rate is of limited use
for testing models of visual attention in detail, or for in-
vestigating interrelations between the focus size, the dwell
time, the total number of visits, and conditions of the task.
The analysis of eye movements in overt search might
provide better insight here, provided that certain linking
propositions between eye movement parameters and at-
tentional processes hold. It is the central concern of the
present study to test these propositions and to relate them
back to (reaction time) models of visual search.

With respect to eye movements, efficient (overt)
search shows up in (a) large saccade amplitudes, going
along with (b) few saccades, and (c) short fixation dura-
tions (Jacobs, 1986). Furthermore, efficient search should
mean (d) to fixate items/item positions at most once.

There exists a variety of models explaining search ef-
ficiency in terms of underlying attentional processes.
Whereas Treisman’s Feature Integration Theory (FIT;
Treisman & Gelade, 1980; Treisman & Sato, 1990) draws
a clear distinction between attentional processes in feature
and conjunction search, which is inconsistent with a vari-
ety of findings (e.g., Nakayama & Silverman, 1986), sali-
ency-map-based models like Guided Search (GS; Cave &
Wolfe, 1990; Wolfe, 1994) are able to account for a con-
tinuum of search efficiencies in feature search with vari-
able target-distractor-similarity. However, neither their
idea of a fixed attentional dwell time nor that of a focus
containing only one item could be empirically confirmed.
A modified version of GS that models search efficiency
by an attentional focus of variable size and varying dwell
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times is STRAVIS, the main ideas of which have been
outlined in Miiller-Plath & Pollmann (2003) and Miiller-
Plath (2008; p. 318).' STRAVIS is a dynamical saliency
map model with a strategic component that allows an ex-
plicit individual estimation of parameters from reaction
times.

Figure 1. Concept of a saliency map and an according
size of the attentional focus (f;,, measured in number of
items) according to STRAVIS (Miiller-Plath & Pollmann,
2003). For details, see text.

Although there might have been some conceptual con-
fusion in the past (e.g., Itti & Koch, 2000), it should be
clear that the “saliency” of a stimulus is per definitionem
a psychological concept and not a physical one. Since the
perception of physical attributes is modulated by attention
(see e.g., Moran & Desimone, 1985; Kastner & Ungerlei-
der, 2000), the saliency of a stimulus results from its
physical contrast to its neighbours, as well as from the
amount of selective attention paid to these contrasts. The
more narrowly attention is focused (in space as well as in
the amount of features attended to), the stronger modula-
tion of perception is achieved. First, the model assumes
that the observer can voluntarily adjust on how large an
area he/she deploys how much attention, with the total
capacity being limited. This area is termed “attentional
focus.” Second, the attentional modulation of perception
takes time. Thus, in order to achieve stronger perceptual
modulation, attention has to be deployed longer. In visual
feature search with homogeneous distractors, a target is
detected if it is sufficiently salient. Therefore, if the target
is physically dissimilar to the distractors, not much atten-
tion is necessary to achieve sufficient salience. Conse-
quently, attention will be distributed widely (large focus;
see Figure la. for a metaphorical illustration) and dwell
only briefly. In the case of high target-distractor similar-
ity, sufficient target saliency will be achieved only if at-
tention is concentrated more narrowly in space (small

1 Compared to an older version (Miiller-Plath & Pollmann,
2003), the process of attentional selection and the attentional
focus has been conceptualized in more detail in the 2008 paper.
The 2003 paper concentrates on reaction time modelling on a
quite coarse scale.
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focus; see Figure 1b. and c.) and dwells there for a longer
time.

All models, including STRAVIS, assume that search
is self-terminating in target-present trials and exhaustive
in target-absent trials, i.e., sufficient processing depth of
items inside the focus and a perfect memory for already
visited item positions (but see Horowitz & Wolfe, 1998).
Consequently, no refixations or reinspections should oc-
cur, which is in contrast to already existing eye movement
studies on visual search (see e.g., Dickinson & Zelinsky,
2005, 2007; Gilchrist & Harvey, 2006; Hooge & Erkel-
ens, 1996 for reinspections, and e.g., Findlay, Brown &
Gilchrist, 2000; Hooge & Erkelens, 1998, 1999 for refixa-
tions).

In the present study, we manipulated search efficiency
by varying target-distractor-similarity and set size. We
measured error rates and reaction times in target-present
and target-absent trials as well as the amplitudes of a rep-
resentative saccade in every trial, the durations of a repre-
sentative fixation, and the number of reinspections and
refixations per trial. In order to draw conclusions about
the three hypothetically underlying attentional concepts
- the attentional focus size, the attentional dwell time, and
the depth of attentional processing - we presumed the
following linking propositions: Fixations are linked with
allocating attention to the fixation point and the execution
of a saccade is preceded by a covert shift of attention
(Deubel & Schneider, 1996; Findlay & Gilchrist, 2003;
Hoffmann & Subramaniam, 1995). The saccade ampli-
tude might then reflect how many items are checked in
parallel (attentional focus size), and the fixation duration
might indicate how much time is necessary to inspect one
item or item group (attentional dwell time). The relation
between reinspections/refixations and underlying cogni-
tive processes is less clear. They might be linked with
incomplete perceptual processing, leading to uncertainty
in decision-making, or with incomplete memory (Peter-
son, Kramer, Wang, Irwin, & McCarley, 2001).

Amplitudes of saccades and the focus of attention

Following the above linking proposition, the longer
the amplitude and the smaller the number of saccades, the
larger should be the attentional focus. Here, we define the
“size of the focus of attention” in terms of the number of
items: Subjects try to adapt it to as many items as possible
so that if one of them is the target it will still stick out
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(Miiller-Plath & Pollmann, 2003). Synonyms in the litera-
ture are (beside others): “visual span” (O’Regan, Levy-
Schoen, & Jacobs, 1983) or “zone of focal attention”
(Motter & Belky, 1998a). Since the number of saccades
depends on the focus size as well as on the number of
reinspections/refixations (see the previous section), we
regarded it as not a suitable measure of the focus size. We
relied solely on saccade amplitudes.

Several eye movement studies found that saccade am-
plitudes decreased with increasing target-distractor-
similarity (e.g., Hooge & Erkelens, 1996, 1998; Nasénen,
Ojanpdd, & Kojo, 2001; Vlaskamp, Over, & Hooge,
2005). These findings are in line with predictions from
models of visual attention for the focus size (or synony-
mous concepts). According to our notion of visual atten-
tion (see e.g., Miiller-Plath & Pollmann, 2003; Miiller-
Plath, 2008; also Jacobs, 1986) it should be an efficient
strategy in case of low target-distractor-similarity to proc-
ess many items simultaneously (large focus of attention),
because the target would be salient enough to stick out
and the risk of missing a target would be low. In case of
high target-distractor-similarity, it should be an efficient
strategy to process only few items simultaneously in order
to keep the risk of missing a target low (small focus of
attention), because the target would be not salient enough
to stick out from a larger group. The Attentional Engage-
ment Theory (AET; Duncan & Humphreys, 1989), al-
though theoretically different, predicts the same. As sug-
gested by both lines of research (eye movement analyses
and models of attention), we expected thus (i) decreasing
amplitudes of saccades with increasing target-distractor-
similarity.

The set size also seems to have an influence on the
amplitudes of saccades (e.g., Motter & Belky, 1998a,
1998b; Nisdnen et al. 2001). Motter and Belky (1998a,
1998b) studied visual search and eye movements using
rhesus monkey subjects. Their results showed an increase
of the amplitude of saccades with increasing set sizes.
Nésédnen et al. (2001) replicated these results with human
subjects and concluded that the visual span increased with
increasing set sizes. In attention theories, the role of the
set size in regard to the search efficiency is controver-
sially discussed. On the one hand, Treisman and Gelade
(1980) proposed no influence of set size on feature search.
On the other hand, some models that include the computa-
tion of a saliency map suggest an (implicit) effect of the
set size: Through a process of averaging perceptual con-
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trasts across all items in the display, the perceptual sali-
ence of the target should be the higher the more homoge-
neous distractors are presented, even if the items do not
physically change (Miiller-Plath & Pollmann, 2003;
Wolfe, 1994). Consequently, the attentional focus size
might increase with increasing set size (see above). In the
present experiment, we thus expected (ii) increasing am-
plitudes of saccades with an increasing set size.

Results for target-absent trials have rarely been inter-
preted in the eye movement literature. In visual search,
the mean reaction time in target-present trials is usually
shorter than in target-absent trials. A 1:2 ratio in search
slopes is often interpreted as self-terminating or exhaus-
tive search with focus size 1 (item) in both target-present
and absent trials (e.g., Treisman & Gelade, 1980; Wolfe,
1994). However, this has never been confirmed directly.
Since in our experiment the observer did not know any-
thing about target presence when starting inspection, sac-
cades before finding the target should not be influenced
by its presence. However, when the target is within reach,
the focus should be narrowed and the saccade shortened
in order to fixate it (Zelinsky, Rao, Hayhoe, & Ballard,
1997). Although we only analyzed saccades that occurred
early in the trial as representatives of the focus size (2rld
saccades, for details see the Methods section), a consider-
able number of them might be target saccades, especially
in the easy condition with low target-distractor-similarity.
We thus expected (iii) shorter amplitudes in target-present
than in target-absent trials.

Frixation duration and the dwell time

Several studies report increasing fixation duration
with increasing target-distractor-similarity (Hooge & Er-
kelens, 1996, 1998; Nésénen et al. 2001; Vlaskamp et al.,
2005; see also the early meta-study by Moffit, 1980). Ac-
cording to the above linking proposition, the larger the
duration of a fixation is, the larger is the proposed dwell
time.

An open question is how the size of the attentional fo-
cus, i.e., the number of items to which attention is paid to
simultaneously, is related to the dwell time. In terms of
the associated eye movement parameters researchers have
explored the relation in two opposite ways. On the one
hand, in tasks with variable presentation time an increase
of fixation duration was found to be associated with an
increase of the number of inspected items (Mackworth,
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1976; Salthouse & Ellis, 1980; Scialfa & Joffe, 1998).
These results were interpreted as an increase in visual
span or focus size, implying a positive correlation be-
tween attentional focus and dwell time.

On the other hand, using free viewing with unlimited
presentation time, some studies showed an increase of
fixation duration with increasing target-distractor-
similarity (e.g., Hooge & Erkelens, 1996, 1998), others
found decreasing saccade amplitudes with increasing tar-
get-distractor-similarity (see above). Taken together, this
argues for saccade amplitude and fixation duration to be
negatively correlated. Theoretically, long fixations and
small amplitudes might both reflect low target salience,
implying a negative correlation between the attentional
focus size and the dwell time (Miiller-Plath & Pollmann,
2003). In the present experiment, which resembled the
latter viewing conditions, we thus expected (i) increasing
fixation durations with increasing target-distractor-
similarity.

An influence of set sizes on fixation durations is rarely
reported. Motter and Belky (1998a, 1998b) found the
fixation duration to be independent of the set size. Since
some attentional models that include saliency maps sug-
gest higher perceptual target salience with increasing set
size when distractors are homogeneous, the dwell time
might covary with the set size, provided one assumes that
the dwell time depends on target salience. Linking fixa-
tion durations with dwell times, we expected (ii) decreas-
ing fixation durations with increasing set size in the pre-
sent experiment.

As mentioned above, results for target-absent trials are
rarely reported in the visual search literature (Jacobs,
1986). Since in our experiment the observer did not know
anything about target presence when starting inspection,
fixations before finding the target should not be influ-
enced by its presence. However, fixations on targets may
take more time than fixations on distractors. Regarding
the STRAVIS model, it seems plausible that part of the
time ¢ (see Table 6 for a brief description of STRAVIS’
parameters), reflecting the preparation and execution of
the motor response, takes place during the target fixation.
The fixation we chose as representative — the 2™ fixation
of each trial — will in a considerable number of trials be
the target fixation in target-present trials. We thus ex-
pected (iii) longer fixation durations in target-present than
in target-absent trials.
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Reinspections, refixations, and the depth of
attentional processing

In addition to eye movement parameters, analyzing
scan paths gives information about the searching behav-
iour and efficiency in greater detail. Particularly reinspec-
tions and refixations can be interpreted in regard to atten-
tional processes, €.g., incomplete perceptual processing of
items, or in regard to the memory of the search path (e.g.,
Horowitz & Wolfe, 1998, 2001, and 2003; Kristjansson,
2000; Peterson et al., 2001; McCarley, Wang, Kramer,
Irwin, & Peterson, 2003; Dickinson & Zelinsky, 2005,
2007). A reinspection is defined here as a fixation of an
item that has previously been visited with at least one
different item visited in between. Synonyms in the litera-
ture are refixation, revisitation, or regressive saccade,
whereas a refixation is defined here as the immediate re-
visitation of an item. Since the two types of recurred fixa-
tions might have different functions in decision-making
on target absence or target presence, in contrast to other
researchers (e.g., Dickinson & Zelinsky, 2005; Hooge &
Erkelens, 1998; Peterson et al., 2001), we analyzed rein-
spections and refixations separately.

Reinspections are often reported in the literature but
interpreted in different ways (e.g., Hooge & Erkelens,
1996; Dickinson & Zelinsky, 2005, 2007). A small num-
ber of reinspections can be associated with memory-
driven models. However, many reinspections (Gilchrist &
Harvey, 2006; Dickinson & Zelinsky, 2005, 2007) need
not necessarily imply amnesic search. Peterson et al.
(2001) suggested that participants might intentionally
reinspect items because attention has prematurely left the
item before it was adequately processed. They fitted three
models of conjunction search which lead to different pre-
dictions about the distribution of reinspections based on
the hazard function (the hazard function gives the condi-
tional probability that an event will occur at a time ¢ given
that it has not occurred before 7). Their first model as-
sumed amnesic search, the second model proposed inade-
quate processing (miss), and the third model hypothesized
conscious inadequate processing (miss + realization).
Both, miss-model and miss + realization-model fitted the
data better than the amnesic model.

The occurrence of refixations is reported often too, but
researchers handle them differently. Some authors called
them corrective saccades, attributed them to incomplete
processing of objects, and excluded them from analysis
(e.g., Dickinson & Zelinsky, 2005; Hooge & Erkelens,
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1998, 1999). Peterson et al. (2001) summed up the dura-
tions of subsequent fixations on one item. Findlay, Brown
and Gilchrist (2000) analyzed all second saccades in a
conjunction search task and found that small corrective
second saccades (refixations) occurred more frequently
when the first saccade landed on a target rather than on a
distractor. But taken together, refixations have rarely been
analyzed in a systematic fashion.

As mentioned above, most models of visual search,
including STRAVIS, postulate that each item (item posi-
tion) is reviewed at most once and assume that visual
search is self-terminating in target-present trials and ex-
haustive in target-absent trials (e.g., Duncan & Hum-
phreys, 1989; Miiller-Plath & Pollmann, 2003; Treisman
& Gelade, 1980; Treisman & Sato, 1990; Wolfe, 1994,
but see Chun & Wolfe, 1998, for an alternative account).
Applying these models to overt search, reinspections and
refixations should not occur.

In the present study we first wanted to provide evi-
dence for the “Peterson conclusion” that visual search has
a memory and reinspections are possible in memory-
driven models (Peterson et al., 2001). Second, we wanted
to analyze the function of reinspections and refixations in
greater detail. Concerning the former, we chose experi-
mental conditions in which a memory-driven model is
highly plausible, i.e.: a) The display was systematically
and statically organized (Gilchrist & Harvey, 2006); b)
the items were presented until the subject responded (Ho-
rowitz & Wolfe, 2003); and c) set sizes were only four,
six, or eight items (Dickinson & Zelinsky, 2007). If
reinspections supported an amnesic model, we should
observe them equally across all four target-distractor-
similarity levels. If they reflected decision uncertainty,
their portion should increase with increasing similarity.

Assuming the latter, we expected (i) the highest por-
tion of reinspections and refixations to occur in trials with
the highest target-distractor-similarity. Supposed that in-
creasing the set size from four to eight items would in-
crease target salience and thereby facilitate decision mak-
ing, we expected (ii) a larger portion of reinspections and
refixations in smaller set size conditions. Concerning the
difference between reinspections and refixations, we as-
sumed that uncertainty about a negative decision arises
mainly after having visited the entire set of items without
finding a target, and that it would be most effectively re-
duced by going back to items with the highest probability
of being a target - the peaks in a saliency map (Miiller-
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Plath, 2008; Wolfe, 1994) - to ensure that there is no tar-
get that has been missed. Thus, we expected (iii) more
reinspections in target-absent than in target-present trials.
Assuming likewise that uncertainty about a positive deci-
sion arises mainly after having fixated the target too
briefly, it would be most effectively reduced by an imme-
diate refixation. We thus expected (iv) more refixations in
target-present than in target-absent trials.

Method

Subjects. One male and four female undergraduate
students (aged 24 to 29 years) participated in the ex-
periment. All had normal or corrected to normal vision
and no previous experience with eye movement ex-
periments. They received course credit for their par-
ticipation.

Apparatus. Stimuli were presented on a 20-inch
monitor with a refresh rate of 85 Hz and a resolution
of 1600 x 1200 pixels, controlled by a DELL Pentium
IV PC running Matlab 6.5 using the Psychophysics
toolbox (Brainard, 1997) and EyeLink toolbox (Corne-
lissen, Peters, & Palmer, 2002). Eye movement data
were recorded with the SR Research Ltd. EyeLink II
system operating at a sampling rate of 500 Hz and
measuring participants’ gaze position with an error of
less than 0.5 degrees of visual angle.

Subjects’ head position was fixed by a chinrest at a
viewing distance of 55 cm. They answered with the
right index or middle finger by pressing one of two
external buttons. New trials were initiated by pressing
the left mouse button with the left index finger. At the
beginning of each block (i.e., every 24 trials) subjects
performed a nine-point calibration and validation of
gaze accuracy. Each single trial started with a fixation
point in the middle of the screen for correcting post-
calibration drift errors.

Stimuli, Distractor-items were red circular square-
wave gratings with a spatial frequency of 3.2 cpd.
Each item subtended 1.3° in diameter. The luminance
was 10.0 cd/m* and the xy-CIE coordinates were
(0.605, 0.369). The luminance of the grey background
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was 17.5 cd/m® with xy-CIE coordinates of (0.263,
0.299). Target-items differed from distractor-items in
just one feature dimension: shape. Targets were ovals
and differed in four similarity levels from the distrac-
tors. The appearance of target- and distractor-items is
shown in Figure 2.

Target in similarity level
Distractor 4 3 2 1
i P [ ey -
L ] T [ ] ] |
A 4 \___ 4 A _____J -—
1 0.93 0.88 0.83 0.50

Figure 2. Target- and distractor-items in four levels
of similarity. Numbers below items give the ratio of
width to height and therefore the degree of target-
distractor-similarity.

Four, six or eight items were adjacently located at
twelve equispaced positions on an imaginary circle
with a diameter of 8° visual angle (see Figure 3A).
Hence, the display density was held constant in all set
size conditions whereas its spatial extent varied. The
starting position of the item row was random.

<|I|r
<||||

1]
1] qw
I

Figure 3. A. Example of a possible search display
with eight items in similarity level 3. The target-item
is located at three o’clock. B. Same situation as in A.
For data analysis, the display is split up into twelve
equally-sized sectors. The target-item at three o’clock
(corresponding to 45°) was considered fixated if the
coordinates of a fixation were between 30° and 60°
and additionally outside the central region of 0.8° vis-
ual angle in diameter.

Procedure. Each trial started with a central fixation
cross. After 1000 milliseconds (ms) the search display
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appeared. Subjects were instructed to decide as quick-
ly and accurately as possible whether a target was
present or not and to indicate their decision with a
button press. Apart from the instruction to fixate the
central fixation cross until the search display ap-
peared, no other instructions with regard to eye
movements were given. Trials were blocked according
to difficulty and set size condition. One block con-
sisted of twelve target and twelve non-target trials in
random order. In the course of the experiment subjects
performed each block twice. In the first half of the
experiment items were presented in increasing set size
and similarity order starting with a block of similarity
level one and four items and ending with similarity
level four and eight items. The second half was ar-
ranged the opposite way. The experiment was divided
into four sessions which took about one hour each.
The total number of trials was 576 per subject (and 48
per condition).

Data analysis

We excluded all trials in which a subject either
gave an incorrect answer or in which they did not ini-
tially fixate the display center. Table B1 (in the Ap-
pendix B) shows the number of remaining trials.

For the latter criterion we defined a circular region
around central fixation cross with a diameter of 0.8°
visual angle. We analyzed eye movement data from
display onset until 125 ms before button press: Ac-
cording to Geisler, Perry & Najemnik (2006), button
presses occurring less than 125 ms after the onset of
the last saccade were initiated before this last saccade.
Thus, subjects should have completed their decision at
this time.

In order to decide which item was fixated, we split
up the display into twelve sectors of 30° each (see
Figure 3B). The center of the sectors coincided with
the item centers. Thereby fixations on the screen could
be unequivocally assigned to items.

Analysis of saccade amplitude. We determined the
amplitude of saccades by calculating the distance be-
tween two successive fixation locations.
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In the present study, only a subset of saccades
could sensibly be regarded as behavioral correlates of
the focus size. Due to our display organization the
following types of saccades did not reflect the focus
size and were excluded: Saccades from the central
fixation point to the item row (first saccades), rein-
spections, refixations, and saccades jumping from one
end of the item row to the other.

We restricted our analysis to the amplitudes of sec-
ond saccades in each trial. For trials in which the sec-
ond saccade was a refixation, we used the third one. In
general, later saccades were not a suitable measure
because it differed remarkably between experimental
factors how many saccades occurred at all in a trial
(see Appendix A).

Figure 4 shows examples of included (A and B) as
well as examples of excluded trials (C and D).

i)
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—l
. /...". 'mI
Wi
I
i
it
qr
it

ik
b

c [ ol D

Figure 4. Examples of included and excluded trials.
A. Accepted second saccade (*) in a normal trial. B.
Accepted third saccade (*) after a refixation. C. Ex-
cluded trial with one saccade only. D. Excluded trial
in which the second saccade jumped from one end of
the item row to the other.

Analysis of fixation duration. The EyeLink II Sys-
tem allows online eye movement analysis of fixation
durations. It typically shows a large variation between
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and within subjects. Consistent with our analysis of
saccade amplitudes (see above), we restricted the
analysis to fixations following the second saccade in
each trial. We used all fixation durations distinguish-
able by the system and did not configure any thresh-
olds.

Analysis of reinspections and refixations. We de-
fined reinspections as those fixations that occurred
again on a previously fixated item with at least one
other item fixated in between. We defined refixations
as fixations that immediately followed a fixation on
the same item.

Results

Results are presented in two sections: First we give an
overview on traditional visual search parameters like par-
ticipants’ error rates and reaction times. Second, eye
movement parameters like saccade amplitudes, fixation
durations, and reinspections/refixations are analyzed.

Traditional search parameters

Error rates. For each subject, error rates were ana-
lyzed in the 4 x 3 x 2 = 24 experimental conditions. Ana-
lyses were run on these individual rates. Figure 5 points
out the mean course of error rates depending on the fac-
tors similarity level, set size, and target presence. Table 1
gives the analysis of variance (ANOVA) results.
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—O—Level 1
—O—Level 2

0.2
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Figure 5. Mean (n = 5) error rates in the four levels of
similarity and for target-present trials and target-absent
trials (dotted lines) with increasing item number. Note
that in two target-absent conditions no errors occurred and
that thus these two lines are not visible in this figure.

The main effects of similarity level and target pres-
ence were significant. As usual, error rates increased with
increasing similarity. Interestingly, it increased also in the
presence of a target. The two-way interaction similarity
level x target presence was also significant: In higher
similarity levels, there were more miss errors than false
alarms. The large portion of misses indicates a tendency
to abort the search prematurely in these conditions.

Table /

Three-way repeated measures analysis of variance for error
razes.

Source of Variance dfvom  Afden F
Similarity Level (SL) 3 12 14.884  *%*
Set Size (SS) 2 8 1.275 n.s.
Target Presence (TP) 1 4 19.795 *
SL x SS 6 24 0910 ns.
SL x TP 3 12 6.133 *x
SS x TP 2 8 0.845 ns.
SL x SS x TP 6 24 0.265 ns.
Within 115
Between 4
Total 119

¥xp < 0.001, ¥**p <0.01, *p<0.05, ' p<0.1

Reaction times. For each subject, reaction times (RTs)
were analyzed in the 4 x 3 x 2 = 24 experimental condi-
tions. Analyses were run on these individual means. Fig-
ure 6 points out the course of reaction times: As expected,
they increased with the level of similarity, with the num-
ber of presented items, and in the absence of a target.

ISSN 1995-8692

Creative Commons Attribution 4.0 International license.



Journal of Eye Movement Research

3(1):4, 1-19
2500
-
2000
=
E
£ 1500
£ A —o—Level 1
H ——Level 2
g —m—Level 3
H
&' 1000 4 —m—Level 4
c
<
Q
=
500 o -
0
4 6 8

Set Size

Figure 6. Mean (n = 5) reaction time course in the
four levels of similarity and for target-present trials and
target-absent trials (dotted lines) with increasing item
number.

To ensure that the intended continuum of feature
search efficiencies was replicated (Miiller-Plath &
Pollmann, 2003) we conducted a three-way repeated
measures ANOVA (similarity level (SL) x set size (SS) x
target presence (TP)). All main effects and all interactions
were significant (Table 2) and the replication thus suc-
cessful.

Table 2

Three-way repeated measures analysis of variance for reaction
time.

Source of Variance fnom dfgen F
Similarity Level (SL) 3 12 32353 HoHE
Set Size (SS) 2 8  47.828 ok
Target Presence (TP) 1 4  79.394 Hk*
SL x SS 6 24 14.169 Hokok
SL x TP 3 12 3.850 *
SS x TP 2 8 16.188 ok
SL x SS x TP 6 24 2.629 *
Within 115
Between 4
Total 119

w4 < 0,001, **p < 0.01, *p < 0.05, " p < 0.1
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Eyve movement parameters

Saccade amplitude. For all trials with at least two sac-
cades, we determined the amplitude of the second sac-
cade. Table B2 (in the Appendix B) shows the number of
trials analyzed per condition. Analyses in the 4 x 3 x 2 =
24 experimental design were run on these individual
means. Figure 7 shows the course of saccade amplitudes
depending on the factors similarity level, set size, and
target presence. Table 3 gives the ANOVA results.
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Figure 7. Mean (n = 5) saccade amplitude in the four
levels of similarity and for target-present trials and target-
absent trials (dotted lines) with increasing set size.

The main effects of similarity level and set size were
significant. As expected, saccade amplitudes decreased
with increasing similarity, and increased with increasing
set size. The proposed main effect of target presence mar-
ginally failed significance (p = 0.079). The two-way in-
teraction similarity level x set size was also significant:
The effect of set size on saccade amplitude seemed to be
stronger in lower levels of similarity.

Fixation duration. We determined the average dur-
ation of second fixation. Analyses in the 4 x 3 x 2 =24
experimental design were run on these individual means.
Figure 8 points out the course of mean fixation durations
depending on the factors similarity level, set size, and
target presence. Table 4 gives the ANOVA results.

The main effects of similarity level and set size were
significant. As expected, mean fixation duration increased
with increasing similarity and decreased with increasing
set size. Contrary to our expectation, main effect of target
presence failed significance (p =.117).
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Table 7

Three-way repeated measures analysis of variance for saccade
amplitude.
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Table 4

Three-way repeated measures analysis of variance jor fixation
duration.

Source of Variance Afpom  Afden F
Similarity Level (SL) 3 12 7.445 **
Set Size (SS) 2 8 28.894  kx*
Target Presence (TP) 1 4 5.471 ’
SL x SS 6 24 2.558 *
SL x TP 3 12 1.151 n.s.
SS x TP 2 8 1.898 n.s.
SL x SS x TP 6 24 0.682 n.s.
Within 115
Between 4
Total 119

w6k < 0.001, **p < 0.01, *p < 0.05, 'p < 0.1

400

300

—O—Level 1

—O—Level 2
200

—&—Level 3
—a—Level 4

Mean Fixation Duration (ms,

100

4 6 8
Set Size

Figure 8. Mean (n = 5) fixation duration per trial in
the four levels of similarity and for target-present trials
and target-absent trials (dotted lines) with increasing item
number.

Reinspections and Refivations. As mentioned above,
we defined reinspections as events in which subjects re-
turned to a previously fixated item with at least one fixa-
tion in between. Immediate refixations of one and the
same item were analyzed separately. For each trial we
calculated the portion of reinspections and refixations by
dividing their number by the total number of fixations in
that trial. For each subject, these portions were then aver-
aged across trials in each experimental condition. Figure 9
points out the portion of reinspections and the portion of
refixations depending on the three factors similarity level,
set size, and target presence. Table 5 gives the ANOVA
results.

DOI 10.16910/jemr.3.1.4

Source of Variance dfnom Afden F
Similarity Level (SL) 3 12 12.770  ***
Set Size (SS) 2 8 9.211 *x
Target Presence (TP) 1 4 3.979 n.s.
SL x SS 6 24 1.403 n.s.
SL x TP 3 12 2911 ’
SS x TP 2 8 0.064 n.s.
SL x SS x TP 6 24 1.843 n.s.
Within 115
Between 4
Total 119
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¥ p < 0.001, ¥**p <0.01, *p < 0.05, ' p<0.1
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Figure 9. Mean (n = 5) portion of reinspections and
refixations in the four levels of similarity and for target-
present trials and target-absent trials (dotted lines) with
increasing item number.

For both reinspections and refixations, the main ef-
fects of similarity level and target presence were highly
significant. As expected, subjects returned to a previously
fixated item or fixated the same item once again more
often in trials where the target was more similar to the
distractors. Further, as expected, target presence had dif-
ferent effects on reinspections and refixations: Whereas
reinspections occurred more frequently in target-absent
trials, refixations were observable more frequently in tar-
get-present trials. However - contrary to our expectations
- set size did not show any reliable impact on reinspec-
tions or refixations. For reinspections, the two-way inter-
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action similarity level x target presence was also signifi-
cant.

Table 5

Three-way repeated measures analysis of variance for portion
rernspections and portion refixations.

Wienrich, C., Hef8e, U. & Miiller-Plath, G. (2009)
Eye movements and attention in visual feature search with graded
target-distractor-similarity

a significant interaction indicating that the saccade ampli-
tudes were longer in target-absent than present trials when
target-distractor-similarity was low. The main effect mar-
ginally failed significance. Further, target presence had
different effects on the portions of reinspections and re-
fixations: As expected, more reinspections occurred in
target-absent trials, whereas refixations occurred more
frequently in target-present trials.

Saccade amplitude and the focus of attention

Portion rein- Portion
spections refixations
Source of  dfyom  Afen F F
Variance
Similarity 3 12 14.704  *** 11.034 Hokx
Level (SL)
Set Size 2 8 0.313 n.s. 1.541 n.s.
(S8)
Target 1 4 46.056 *ok 219.540  H*x*
Presence
(TP)
SL x SS 6 24 1.658 n.s. 0.528 n.s.
SL x TP 3 12 4.637 * 2.530 n.s.
SS x TP 2 8 0.059 n.s. 3.481 ’
SL x SS x 6 24 0.363 n.s. 0.462 n.s
TP
Within 115
Between 4
Total 119

Saccade amplitude increased with decreasing target-
distractor-similarity. This finding is in line with other
studies (e.g., Motter & Belky, 1998a, 1998b; Nisdnen et
al., 2001) and consistent to the predictions of various
models of visual search: For example, in a saliency-based
model of visual search (e.g., Wolfe, 1994), the perceptual
saliency of an item depends on its physical values com-
pared to those of neighbouring items and on the percep-
tion of these physics being modulated by attention accord-
ing to their task relevance (for a recent view on perceptual
saliency, see Elazary & Itti, 2008). Thus, low target-
distractor-similarity results in high target saliency. Whe-
reas GS (Wolfe, 1994) proposes items being checked one-
by-one, and high target saliency showing up only in the

¥ p < 0.001, ¥**p <0.01, *p<0.05, ' p<0.1

Discussion

We realized a continuum of search efficiencies in vis-
ual feature search with graded target-distractor-similarity.
In addition to effects on error rate and reaction time (RT),
clear findings emerged from the analyses of saccade am-
plitude, fixation duration, and portion of reinspections and
refixations. The factor similarity level consistently con-
tributed to significant differences: As expected, we ob-
served an increase in errors and RTs with increasing simi-
larity. This was accompanied by a decrease of saccade
amplitude, an increase of fixation duration, and an in-
creasing portion of reinspections and refixations. The
factor set size affected not only RTs but also the saccade
amplitude and the fixation duration: As hypothesized,
saccade amplitude increased and fixation duration de-
creased with increasing set size. Finally, the factor target
presence produced differences in errors - more errors oc-
curred in target-present trials (misses) - and RTs, which
were longer in target-absent trials. As expected, there was

11
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probability of detecting the target in the first step being
high, the modified saliency model STRAVIS (Miiller-
Plath & Pollmann, 2003; Miiller-Plath, 2008) assumes
high target saliency to result in spatially large search
steps. From a theoretically different perspective, the same
prediction is obtained: In a visual search model based on
so-called “attentional weights” (AET; Duncan & Hum-
phreys, 1989), items are given more resources the more
they resemble the mental target template. The target item
is most likely to enter visual short term memory (VSTM)
in first instance when it has received high weight com-
pared to the distractor items. Such a favourable weight
distribution results when the target is not grouped with
distractors and when the distractors are grouped together.
Thus, irrespective of whether one conceptualizes the fo-
cus of attention as a spatial section of a saliency map or as
a VSTV, it is predicted to be moved with large and few
steps when target-distractor-similarity is low. In overt
search, this is linked with large saccade amplitudes, which
were observable in our results.

In line with our expectations and consistent to findings
of other researchers (see e.g., Hooge & Erkelens, 1996;
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Vlaskamp et al., 2005), we found an increase of saccade
amplitude with increasing set size. Two causes might be
put forward for this. On the one hand, in a saliency- map-
based model of visual search target saliency is enhanced
when more homogeneous distractors are added to the dis-
play. In AET, through a process called “weight linkage”
(Duncan & Humphreys, 1989) the weight distribution
becomes more favourable for the target when more ho-
mogeneous distractors are added to the display. Again, the
prediction of both types of models is consistent with our
finding. However, this result might also be due to the sub-
ject trading off accuracy for speed: The more items are
presented, the more the subject might have been inclined
to scan the display in large steps in order to maximize
his/her chance to spot the target quickly. If there was no
target detected at the end of the item row, the subject
might have either wanted to go back to reinspect candi-
date targets, or respond “no” despite being uncertain. The
first would show up in an increasing portion of reinspec-
tions with increasing set size, the second in an increasing
rate of errors with increasing set size. Across all subjects,
we observed neither. We conclude that the effect of set
size on saccade amplitude was not due to a speed-
accuracy trade-off.

Average saccade amplitudes were expected to be
smaller in target-present trials than in target-absent trials
because the saccade should be shortened when the target
was inside the focus of attention compared to a regular
search step. The effect of target presence was only mar-
ginally significant, probably due to saccades onto the tar-
get constituting only a portion of the saccades that were
analyzed in the target-present condition. One might fur-
ther ask whether the above discussed effects of similarity
and set size might be an artifact of those reduced sac-
cades. In order to exclude this, we re-analyzed the effect
of similarity and set size on saccade amplitude with tar-
get-absent trials only. In the 4 x 3 = 12 design, the main
effects of similarity level and set size remained significant
(similarity level: (3, 12) = 5.89, p = 0.010; set size: F(2,
8) = 17.5, p = 0.001). Thus, the above interpretation is
maintained.

Frixation duration and the attentional dwell time

The fixation duration depending on the target-
distractor-similarity is in agreement with our expectations
as well as with the literature. (Hooge & Erkelens, 1996;
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Vlaskamp et al., 2005): The more similar a target was to
surrounding distractors, the longer the average second
fixation in a trial. We had expected that the fixation dura-
tion would likewise be influenced by the set size: The
larger the number of homogeneous distractors, the higher
should be the physical impact on target salience, and the
shorter should be fixations to decide upon its presence.
This effect was confirmed, too. Since neither the error
rate nor the number of reinspections increased with in-
creasing set size, the effect of set size on fixation duration
was obviously not due to a speed-accuracy trade-off (see
above).

With regard to the question of how the saccade ampli-
tude and the fixation duration are associated, we proposed
a negative correlation. Observed correlations in the five
subjects ranged between r = -.06 and » = -.45, only one of
them reaching significance. Several researchers had pro-
posed that during shorter fixations fewer items are check-
able than during longer ones (Mackworth, 1976; Salt-
house & Ellis, 1980; Scialfa & Joffe, 1998), implying a
positive correlation between fixation duration and saccade
amplitude. Although the two notions seem contradictory
at first glance, they might be integrated in the framework
of a dynamical saliency-based visual search model (for
details, see the next section): If search difficulty is
experimentally varied in a free viewing condition, saccade
amplitude will decrease and fixation duration will in-
crease with increasing difficulty, leading to a negative
correlation. On the other hand, if the search difficulty is
kept constant and the time of display presentation varied,
the size of the attentional focus may increase with in-
creasing fixation time, leading to a positive correlation.

The proposed main effect of target presence on fixa-
tion duration was, although descriptively present, not sig-
nificant. As with saccade amplitudes, the portion of 2
fixations being target fixations might have been too small.
Further, regarding the relation to attentional dwell time
and the STRAVIS model, if attention dwells very long on
the target in order to identify it, or if part of the constant
time c is spent on the target, this time might as well be
split up into two or more fixations on the target (refixa-
tions). This possibility, which would break up the strict
linking proposition “dwell time = fixation time”, is dis-
cussed in the following paragraph.
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Reinspections, refixations, and the depth of
attentional processing

As expected, reinspections and refixations occurred
more frequently with increasing target-distractor-
similarity. In similarity level four, about 30% of all fixa-
tions in a trial were reinspections or refixations. The in-
crease of reinspections and refixations with increasing
target-distractor-similarity argues against them being due
to a failure of memory. This interpretation is in line with
Peterson et al. (2001), who claimed them being a sign of
incomplete perceptual processing.

Contrary to our expectation, the frequency of rein-
spections and refixations did not significantly decrease
with increasing set size. Only for reinspections in similar-
ity level four there might be a tendency in the data point-
ing in the expected direction (see Figure 8, left panel).
Thus, even if more homogeneous items indeed enhanced
target saliency, the effect did obviously not considerably
reduce the need to fixate items more than once.

Finally, as expected, we found significantly more rein-
spections in target-absent trials and more refixations in
target-present trials. Whereas reinspections seem to help
ensuring that there was really no target, refixations might
be used for validating that the just fixated item really was
the target. The latter agrees with findings of Findlay,
Brown & Gilchrist (2000), who showed that refixations
occurred more frequently on target items. Taken together,
reinspections and refixations seem to be necessary to re-
duce uncertainty arising from too superficial attentional
processing at first visit. The significant interaction of
similarity level and target presence on reinspections might
indicate that at intermediate levels of similarity, “yes”
decisions were easier to reach than “no” decisions (see
Figure 9, left panel), whereas both were equally difficult
in high similarity, and equally easy in low similarity.

Model of attention and eve movements in overt
Jeature search: STRAVIS 2.0

Taken together, the findings might be accounted for
by a quantitative model describing how visual attention
operates in difficult feature search. The main ideas of the
model STRAVIS have been mentioned above and out-
lined previously in Miiller-Plath and Pollmann (2003) and
Miiller-Plath (2008; p. 318). The search was assumed to
be self-terminating in target-present trials, which were
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exclusively modelled because of the lack of data on how
the search is terminated when no target is present (Chun
& Wolfe, 1996). According to the present results, the
search seems to be neither necessarily self-terminating in
target-present trials nor exhaustive in target-absent trials,
in particular at high target-distractor-similarity. This sug-
gests adding an “uncertainty” component, accounting for
reinspections/refixations, and an “abortion” component,
allowing for premature termination of item inspection.
Both will be included in an extended model termed
STRAVIS 2.0, which will be designed to comprehend
target-present and absent trials.

In contrast to our original assumption, we found sub-
jects going back to previously visited items, in particular
when the physical contrast was low. STRAVIS should
therefore be extended by a further strategic component.
Not only does the subject adjust on how large an area
he/she will deploy how much attention, but also is the
attentional dwell time strategically traded off for the
number of visits per item: When physical contrast in the
display is low, it might be advantageous not to dwell too
long on the items in a first run, hoping that the thereby
achieved target salience will suffice, and if not, to go back
and dwell again on candidate targets. In STRAVIS 2.0,
these recurrent visits will be modelled by an additive “un-
certainty” parameter u contributing to the number of
dwells and movements of attention in a trial. Secondly,
low target-distractor-similarity might cause the observer
not to spend too much time on the search process but to
abort the search with a guess after a considerable amount
of time. This would show up in the observed high portion
of miss errors in target-present trials. Although error trials
are usually removed from modelling, there might be lucky
guesses in target-present as well as absent trials after
scanning only a fraction of the item row. In STRAVIS
2.0, the portion of omitted items will be modelled by a
multiplicative “abortion bias” parameter b < 1, affecting
the number of dwells and movements of attention in a
trial. Figure 10 illustrates the search course as proposed in
STRAVIS 2.0 in contrast to STRAVIS. A deterministic
version of the model equations is given below.

In a separate work, a stochastic version of STRAVIS
2.0 will be developed and tested how the number of pa-
rameters can be sensibly reduced in order to achieve a
stable fit of the model to reaction times. Model fitting
allows quantifying subprocesses of the search on the basis
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of reaction times without the drawbacks of the traditional
slope analysis.

STRAVIS STRAVIS 2.0

“uncertainty”

dS
m
dS
O
a. 9,

“uncertainty”, “abortion”

target present

target absent not modelled

Figure 70. Schematic illustration of an hypothetical
search course with focus size 3 according to STRAVIS
(left panels) and STRAVIS 2.0 (right panels) The dark
grey item depicts the target. The model parameters m, d;,,
and c represent the times for attentional movement, atten-
tional dwell, and constant processes like motor response,
dependent on the target-distractor-similarity s (s = 1, 2, 3,
4) and the set size n (n =4, 6, 8).

The general model equations read:
E(RTn4) = g(s,n,t) - (m+ds) + ¢

where F/(RT ,,+) denotes the expectation of the re-
action time across all trials at similarity level s (s = 1, 2,
3, 4), set size n (n = 4, 6, 8), and target presence ¢
(t =0, 1). (Note that even in a deterministic model, the
target position and the starting position of the search are
random). The movement time of attention from one item
(group) to the next is represented by the parameter m, the
(similarity dependent) dwell time by d,, and g(s,n,t)
denotes the expected numbers of movements and dwells
in dependence of similarity, set size, and target presence.
In the deterministic version of STRAVIS and STRAVIS
2.0, the function g reads:
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STRAVIS:

Sl

n i
g(87n7 1) = Z ’Vf—-‘ ' 1[fs,n<8} + ]‘[fs,n>1]

=1
(target-present only)

STRAVIS 2.0:
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fs,n

(target-absent)
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Here, 1j,; denotes the indicator function of a statement
¢ which is one if ¢ is true and zero otherwise. The half
brackets indicate the ceiling function, rounding the argu-
ment to the next larger whole number. Table 6 gives an
overview of the model parameters.

Table 6

Model parameters in STRAVIS and STRAVIS 2.0

Parameter Interpretation
f s focus size [items]
m movement time of attention/the eyes [ms]
d dwell time of attention [ms]
c constant time for motor response and related
processes [ms]
Us,t additional steps because of perceptual un-
certainty [number]
b 5,1t bias for premature abortion of the search [<

1, without dimension]

In relation to eye movements, STRAVIS 2.0 predicts
that saccade amplitudes become smaller, fixation dura-
tions longer, and reinspections more frequent when target-
distractor-similarity is high. Although we found these
patterns, the results on refixations suggests that the above
proposed link between attentional dwell time and fixation
duration should be extended: When the target is physi-
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cally very similar to the distractors, a very long dwell of
attention on each item would be necessary to reach a suf-
ficient saliency of the target. Possibly, there is a point at
which the proposed link between attentional dwell and
fixation of the eye breaks down: It is well known that an
optically stabilized image fades down quickly, and that
this effect is much faster (usually less than 1 second) in
the center than in the periphery (Gerrits, 1978). It might
be counteracted by microsacccades (Martinez-Conde,
Macknick, Toncoso, & Dyar, 2006). In our experiment,
these would mostly be refixations. We thus suggest that
the increased attentional dwell time with increasing simi-
larity is reflected both by increased fixation times as well
as by an increased frequency of refixations.

Conclusions

As expected, we found increased error rates and in-
creased reaction times (RTs) when the target became
more similar to the distractors. With regard to eye move-
ments, increased target-distractor-similarity was reflected
in decreased amplitude of saccade, increased fixation du-
ration, and increased frequency of reinspections and re-
fixations. Further, there was an effect of target presence
on eye movements. In displays with a target, saccade am-
plitudes were shorter, and reinspections less frequent than
in displays without.

The findings in target-present trials are compatible
with our previously published model STRAVIS (Miiller-
Plath & Pollmann, 2003; Miiller-Plath, 2008) on atten-
tional processes in visual feature search when the model
is extended by a further strategic component (STRAVIS
2.0): We suggest that the observer does not only strategi-
cally adjust the size of the attentional focus but also the
attentional dwell time, with shorter dwell times being
associated with more superficial perceptual processing
and the necessity to visit items more than once. In addi-
tion, we propose including a bias parameter accounting
for premature termination of the search.

The results provide further support to the following
links between attention and eye movements in overt
search: During a fixation, attention is centered at the fixa-
tion point, the execution of a saccade is accompanied by a
shift of attention, and reinspections as well as refixations
result from incomplete attentional processing. In addition,
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refixations might result when a very long attentional
dwell can be realized only with the help of microsaccades
(Martinez-Conde et al., 2006).

Finally, the findings demonstrate that the often ob-
served RT increase with increasing target-distractor-
similarity and increasing set size is a result of three fac-
tors: a smaller focus of attention, longer attentional
dwells, and more frequent revisits of items. Since in the
RT slope these three factors are confounded, the RT slope
cannot be interpreted as the processing time for each item
(Treisman & Gelade, 1980; Wolfe, 2003). Fitting the
model STRAVIS 2.0 to a set of RTs allows estimating
these parameters separately. Visual search is obviously
not in every case self-terminating or exhaustive. Moreo-
ver, it seems to have a good memory in static displays
with regular item arrangement. Further research has to be
engaged in order to generalize the present findings to
conditions like unsystematic item organisation, more than
one target, or heterogeneous distractors.
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Appendix
Appendix A.

The figure shows relative frequencies of trials with
more than one and more than two saccades and demon-
strates that in particular in similarity level 1, trials with
more than one saccade were not available in sufficient

frequency.
14
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0,6 9
0,4 9
0,2 9
09
I
Target absent

Target present |
1
0,8 9
0,6 9
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Figure A1 Relative frequencies of trials with more
than one saccade (left panel) and more than two saccades
(right panel). Relative frequencies were related to remain-
ing trials (without errors and without initial fixations out-
side center. Black points show average frequencies within
one set size.

Appendix B:

The table gives an overview of the number of trials
remaining for further analysis after the exclusion of error
trials and trials in which subjects did not initially fixate
the central fixation cross.
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Table B/

Absolute (and relative) frequencies of trials remaining afier
exclusion of error trials and trials without initial central fixation
(Summed across subjects). B2. Trials remaining for analysis of
saccade amplitude and fixation duration (see text) (summed
across subjects).

Target-present Target-absent
Set- 4 6 8 4 6 8

Thisarticleislicensed under a

Size
Simi-
larity-
Level
B 1 104 113 97 86 108 110
1 (87) (94 (81) (.72) (.90) (.92)
2 109 94 95 111 96 106
(91 (78) (79) (.93) (.80) (.88)
3 106 103 102 105 105 117
(:88) (.86) (.85) (.88) (.88) (.98)
4 89 82 84 113 107 103
(74)  (68) (70) (.94) (.89) (.86)
B 1 49 63 49 66 81 83
2 (41) (53) (41 (.55) (.68) (.69)
2 72 78 78 78 80 89
(.60) (.65 (.65 (.65) (.67) (.74)
3 75 78 81 84 87 112
(.63) (65 (.68) (.70) (.73) (.93)
4 55 60 68 80 89 89
(46) (50) (57 (67) (74 (74
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