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Visual search asymmetry depends on target-distractor feature
similarity: Is the asymmetry simply a result of distractor rejection
speed?
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Abstract
Previous studies have shown that in visual search, varying the target and distractor familiarity produces a search asymmetry:
Detecting a novel target among familiar distractors is more efficient than detecting a familiar target among novel distractors. One
explanation is that novel targets have enhanced salience and are detected preattentively. Conversely, familiar distractors may be
easier to reject. The current study postulates that target–distractor feature similarity, in addition to target or distractor familiarity, is
a key determinant of visual search efficiency. The results of two experiments reveal that visual search is more efficient when
distractors are familiar regardless of target familiarity, but only when the target–distractor similarity is high. When similarity is
low, the visual search asymmetry disappears and the search times become highly efficient, with search slopes not different from
zero regardless of target or distractor familiarity. However, although distractor familiarity plays an important role in inducing the
search asymmetry, comparisons of search efficiency in target-present and target-absent trials reveal that search asymmetries
cannot be explained solely by the faster speed of rejecting familiar distractors, as proposed by previous studies. Rather, distractor
familiarity influences processes outside of stimulus selection, such as search monitoring and termination decisions. Competition
among bottom-up item salience effects and top-down shape recognition processes is proposed to account for these findings.
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Our everyday life is full of tasks that require visual search,
from avoiding obstacles as we drive to our office or hike an
unfamiliar trail, to locating keys, identifying new e-mail mes-
sages, or recognizing our child in a crowd of other children.
The ability of stimuli in the environment to capture visual
attention and the limited capacity of the human attentional
processes have been the focus of considerable study in the
past 40 years (e.g., Buetti, Cronin, Madison, Wang, &

Lleras, 2016; Duncan & Humphreys, 1989; Rosenholtz,
Huang, Raj, Balas, & Ilie, 2012; Treisman & Gelade, 1980;
Wolfe, 2001). One question that received significant research
interest concerns the characteristics of stimuli that facilitate or
diminish the efficiency of attentional capture. The phenome-
non of visual search asymmetries offers a fertile means to
study this question. Early investigations found that searching
for a target that possesses an added basic feature not shared
with distractors (e.g., a circle with a lower half bisected by a
vertical line among a variable number of complete circles)
resulted in flatter reaction time slopes than when the
distractors possessed an added feature not shared with the
target (e.g., a complete circle; Treisman & Souther, 1985).
This search asymmetry results from a discrepancy in the num-
ber of basic features in the target–distractor pairs: The added
feature of the target serves as a preattentive cue that automat-
ically captures attention regardless of the number of single-
feature distractors, resulting in a highly efficient search where
such target “pops out.” Locating a single-feature target among
distractors that combine multiple features, on the other hand,
necessitates the more demanding serial search where the speed
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of the search increases with the number of distractors
(inefficient search; Wolfe, 1998).

The claim that searching for items with a greater number of
basic features than accompanying distractors is more efficient
than searching for items with fewer features has generated
considerable research on what qualifies as a basic feature.
Several studies have reported that the target and distractor
familiarity can produce an asymmetry, whereby searching
for a novel target among familiar distractors is more efficient
than searching for a familiar target among novel distractors
(Malinowski & Hübner, 2001; Rauschenberger & Chu, 2006;
Reicher, Snyder, & Richards, 1976; Shen & Reingold, 2001;
Wang, Cavanagh, & Green, 1994; Wang, Zhang, He, & Jiang,
2010; Wolfe, 2001). Because visual search can potentially be
affected both by the familiarity of the critical, sought-after
information, and by the background, irrelevant or to-be-
ignored stimuli, understanding the role of familiarity is key
to understanding how visual search performance, whether in
the laboratory or applied settings, can be enhanced.

To explain why varying the target–distractor familiarity can
introduce a search asymmetry, some researchers have held that
the absence of familiarity—that is, novelty itself—can be
regarded as one kind of basic feature that can capture attention
in parallel processing (Treisman & Gormican, 1988; Wang
et al., 1994). For instance, in an experiment that manipulated
target and distractor novelty factorially, only the novel-target/
familiar-distractors condition resulted in a nearly flat slopes of
1.5 ms/item (evidence of a highly efficient search); the slope
exceeded 30 ms/item in all other conditions (evidence of an
inefficient search; Wang et al., 1994). Based on these results,
Wang and colleagues argued that to make visual search effi-
cient, there must be a difference in familiarity between the
target and the distractors (see also Duncan & Humphreys,
1989). When both are familiar (or novel), attention is equally
distributed across the target and the distractors and the target
cannot be quickly spotted. When the target is familiar and
distractors novel, the distractors capture attention and must
be processed first, which results in a slow, inefficient search.
Therefore, only when the target is novel while the distractors
are familiar is the search efficient because the target item trig-
gers preattentive processing and thus can be quickly identified
(see also Treisman & Gormican, 1988; Treisman & Souther,
1985).

In contrast to the “target orienting” hypothesis proposed by
Wang et al. (1994), the search asymmetry may result from a
difference in the speed of rejecting distractors (Malinowski &
Hübner, 2001; Shen & Reingold, 2001; Wolfe, 2001).
According to the “distractor processing” view, in the search
of a novel target among familiar distractors, the search is more
serial and less parallel than what the preattentive theory would
predict. Novelty does not serve as a preattentive feature that
can be immediately captured and processed. Instead, a novel
target is more quickly identified among familiar distractors

because familiar distractors can be more easily rejected during
the search for the target, whereas it takes longer for novel
distractors to be rejected.

If this alternative explanation is correct, then searching for
a familiar target among familiar distractors should be as effi-
cient as searching for a novel target among familiar
distractors, since familiarity of the target item is less important
if response time is mainly determined by the speed of rejecting
distractors. Although this prediction was not borne out by the
results of Wang and others (1994), who found longer search
times for a familiar compared with a novel target among fa-
miliar distractors, it is consistent with other findings. In an
experiment conducted by Malinowski and Hübner (2001),
German speakers who had no previous experience with the
Cyrillic alphabet and Slavic speakers were tested on a search
task involving the letter N and the mirror N. While the Slavic
speakers were familiar with both letters, the German speakers
were only familiar with N. The German speakers exhibited a
search asymmetry: Searching for the mirror N among the N
distractors was more efficient (1 ms/item) than searching for
the N among the mirror N distractors (38 ms/item). However,
the Slavic speakers produced flat slopes in all conditions (3
ms/item when the distractor was N; 0.3 ms/item when the
distractor was a mirror N). For the Slavic speakers, searching
for a familiar target among familiar distractors was also
efficient.

In a similar experiment conducted by Shen and Reingold
(2001), native Chinese speakers participated in a visual search
task using valid Chinese characters and nonsensical characters
as targets and distractors. Consistent with Malinowski and
Hübner’s (2001) findings, the search was efficient when the
distractors were familiar regardless of the familiarity of the
target. When the distractors were novel, the search was much
less efficient. Using V or inverted V as the target and A or
inverted A as the distractors, Wolfe (2001) reported similar
results: Searching among the familiar distractors elicited flat-
ter slopes than searching among novel distractors regardless of
target familiarity. These results thus suggest, contrary to the
target-orienting hypothesis, that distractor familiarity, rather
than target novelty, drives search asymmetries.

The prima facie discrepancy in the findings regarding
whether looking for a familiar target among familiar
distractors is as efficient as looking for a novel target among
familiar distractors may be due to a potential confound: The
orthographic similarity between the target and the distractor,
which decreases the efficiency of the search (Duncan &
Humphreys, 1989; Palmer, Verghese, & Pavel, 2000; see
also Buetti et al., 2016). Orthographic (feature) similarity is
a key determinant of demands on resources consumed during
the focused attention stage of the visual search (Duncan &
Humphreys, 1989). For instance, in Wang et al. (1994), the
targets (5 or 2) and the distractors (2 or 5) in the familiar-
target/familiar-distractors condition only differed in terms of
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the position of the vertical lines, whereas in the novel-target/
familiar-distractors condition, the target (N or Z) and the
distractors (mirror N or mirror Z) differed in terms of the
direction of the diagonal line (see Table 1). It has been sug-
gested that orientation is a basic feature detected preattentively
(Wolfe, 2001), and thus a difference in the orientation of di-
agonals may be more salient than a difference in the position-
ing of the verticals.

Moreover, configuring features in a particular way can in-
crease the difficulty of the search: For instance, asking ob-
servers to locate Ts in random orientation among Ls in random
orientation is more difficult than searching for the same stim-
uli in proper orientation (Wolfe, Cave, & Franzel, 1989; see
also Shen & Reingold, 2001, for a similar conclusion).
Importantly, with respect to the features shared, changing the
position of the vertical lines does not affect the number of
features shared between 2 and 5, whereas altering the direction
of the slanted line (e.g., N and mirrored N) decreases the num-
ber of shared features. Thus, the difference in features used in
the two conditions—configuration of vertical lines versus di-
rection of diagonal lines—may have affected the results of
Wang and colleagues.

In order to minimize the influence of orthographic basic
features, the similarity between the target and the distractor
must be held constant across different experimental condi-
tions. This problem was to some extent addressed by Shen
and Reingold (2001), who rotated the Chinese character “古”
to create the four familiar/novel experimental conditions using
the following characters: “古”, “叶”, inverted “古”, and mirror
“叶” (see Table 1). For Chinese speakers, “古” and “叶” are
legitimate Chinese characters (meaning “old” and “leaf,” re-
spectively) and are thus familiar, whereas the inverted “古”
and the mirror “叶” are novel, nonsensical characters. Their
results for respondents familiar with Chinese characters
showed that while the two familiar-distractors conditions pro-
duced flatter slopes than the two novel-distractors conditions,
the slopes in the novel-target/familiar-distractors and familiar-
target/familiar-distractors conditions did not significantly dif-
fer from each other, which in turn supported the view that
distractor familiarity is the key determinant of the visual
search asymmetry (see also Horstmann, 2009; Horstmann,
Becker, Bergmann, & Burghaus, 2010).

The majority of the findings reviewed thus far suggest that
distractor rejection speed is the cause of the familiarity-driven

search asymmetry, while the characteristics of the target mat-
ter little, if at all. However, previous findings have not ruled
out other ways in which distractor familiarity can cause the
asymmetry. As a result, in the current series of experiments we
hope to evaluate several possibilities regarding the role of
familiarity in influencing the search function. These possibil-
ities are diagrammed in Fig. 1, which focuses on distractor,
rather than target, familiarity as the driving factor behind the
asymmetry, and assumes that the search requires the resources
of the capacity-limited attentive (rather than preattentive) pro-
cessing, in the language of the feature-integration theory of
attentional selection (Treisman & Gelade, 1980). Both the
slopes and intercepts for target-present and target-absent trials
must be examined to evaluate the role of distractor processing.
Figure 1a is consistent with the view that distractor familiarity
is the critical factor to affect the slope of the search function,
with novel distractors producing steeper slopes than familiar
distractors both for target-present and target-absent trials, be-
cause novelty of distractors affects the item selection
(attentive) stage of processing. This view aligns with the find-
ings of Malinowski and Hübner (2001), Mruczek and
Sheinberg (2005), and Shen and Reingold (2001).

One can also envision a situation where the effects of
distractor familiarity on the search function lie outside of the
item selection stage. These effects can be preattentive (e.g.,
distractor novelty may add a cost before an item-by-item
search is executed) or postattentive (e.g., distractor novelty
may affect search termination or other response criteria).
Such possibility is sketched in Fig. 1b. In this case, distractor
novelty effects are additive with the effects of set size: A fixed
cost not related to the item selection stage is added to the
intercept of the search function. The slopes, on the other hand,
do not vary as a function of distractor familiarity. While it is
not necessary for the familiarity of distractors to influence
search RTs for target-absent trials to the same degree of mag-
nitude as RTs for target-present trials, because the search is
expected to be more exhaustive when no target can be found,
it is reasonable to predict that the intercept differences for
target-absent trials will be larger.

Figure 1c sketches a scenario where distractor familiarity
does not affect the slope of the search function: The slopes for
target-absent trials for novel and familiar distractors are simi-
lar, suggesting that the rejection rate for the two types of
distractors does not vary differentially with set size. Any

Table 1 Representative stimuli from Wang et al. (1994) and from Experiment 4 of Shen and Reingold (2001)
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differences carried by distractor novelty, if present, are cap-
tured by the intercept. The slopes of the target-present trials,
however, are steeper when distractors are novel, suggesting
that factors other than distractor rejection speed influence tar-
get selection rate. Target characteristics would be one possible
cause of the slope differences for target-present but not target-
absent trials. These differences in slopes would be in addition
to any differences in processing outside of the attentive stage
that affect the search function intercepts.

Finally, the outcome of the visual search depicted in the
three panels of Fig. 1 may depend on the degree of target–
distractor similarity. For instance, it is reasonable to expect
that unique low-level features of a target may capture attention
equally easily regardless of the number of distractors and their
familiarity if the distractors share few or no features with the
target: Such outcome would be consistent with a preattentive
stage of the search in which all of the stimuli are processed in
parallel (Treisman & Gelade, 1980). When an attentive search
through the set is required, however—as may be the case
when low-level features of targets and distractors overlap—
target or distractor familiarity may exert a more prominent role
in attentional selection. Although Shen and Reingold’s (2001)
results support the conjecture that the seemingly contradictory
findings in the previous studies can be reconciled when the
target–distractor similarity is actively controlled across condi-
tions, the strict similarity controls have been challenging to
replicate. This is in part because simple manipulations of stim-
uli, such as rotation, inversion, and mirroring, can generate
only a limited number of target–distractor pairs that satisfy
the requirement that the similarity between the target and

distractors remain constant. In addition, the total number of
features in previous studies has typically been held constant
across target–distractor pairs. However, if similarity of basic
features between the target and the distractor modulates the
presence or the magnitude of the visual search asymmetry,
then it is important to manipulate its effects directly, which
is what the current study aims to do.

There are other reasons to examine the role of target–
distractor similarity more closely: For instance, Shen and
Reingold (2001) found that when distractors and targets dif-
fered in the presence of a salient low-level feature, the search
asymmetry was magnified due to the facilitation of the search
in the novel-target familiar-distractors condition. In other
words, familiarity-based stimulus detection mechanisms can
be strengthened or weakened in the presence of higher or
lower target–distractor similarity. The reasons for this interac-
tion are unclear, however: Does similarity affect distractor
rejection speed, or does it affect processes outside of the item
selection stage? For instance, recent work suggests that target–
distractor similarity can influence preattentive processing
(Buetti et al., 2016). Moreover, Shen and Reingold’s conclu-
sion itself has yet to be replicated. Broadly speaking, the
causes of variability in slopes and intercepts sketched in the
patterns of Fig. 1 can be extended to situations where ortho-
graphic similarity varies between targets and distractors.

In the current study, we attempted to extend Shen and
Reingold’s (2001) results in English speakers by systematical-
ly controlling the target–distractor similarity via confusion
matrices that help define features essential to letter or character
recognition (Fiset et al., 2009). Such features, for instance,
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Fig. 1 Predicted search functions when distractor novelty/familiarity af-
fects the efficiency of item selection during a capacity-limited attentive
search captured by the distractor rejection rate (a). The search functions
shown in Panel b are consistent with the notion that distractor familiarity
affects processes outside of item selection, which is reflected in the

intercept differences between novel and familiar distractors. Panel c
sketches a scenario in which the differences in the rejection speed of novel
and familiar distractors are insufficient to account for the costs of
distractor novelty.
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include line intersections or terminations and line horizontals
or verticals. These confusion matrices are typically developed
by asking observers to discriminate among letters or features
under demanding conditions, such as very low contrast, or by
masking information hypothesized to be critical for stimulus
identification. This approachminimizes the possibility that the
stimulus set used in the visual search task is subject to an
inherent asymmetry, which is a potential confound few previ-
ous studies have controlled (Rosenholtz, 2001). Moreover, by
generating a large number of target–distractor pairs, we can
reduce the potential effect of target experience on search effi-
ciency (Awh, Belopolsky, & Theeuwes, 2012; Hout &
Goldinger, 2012; Mruczek & Sheinberg, 2005).

Careful control of the degree of target–distractor similarity
will furthermore enable us to explain the variability in
response-time slopes obtained by searching for a target among
familiar distractors. In previous work, such slopes have ranged
from highly efficient (well below the 10-ms per item criterion
often used to infer preattentive target identification) to ineffi-
cient (at or above 25–35-ms per item, an indicator of limited-
capacity attentive search; for a brief review, see Wolfe, 2001).
Given that the question of whether or not novelty is a feature
that can be detected preattentively has been explored but not
resolved in earlier work (e.g., Malinowski & Hübner, 2001;
Shen & Reingold, 2001; Wang et al., 1994; Wolfe, 2001),
such controls can yield productive insights into the nature of
basic features and attentional capture more generally.

To isolate the search effects due to stimulus familiarity
from the influence due to other top-down, memory-driven
factors such as observer experience and expectations, we used
a singleton (odd item) search task. A notable feature of previ-
ous studies that considered the role of familiarity in producing
search asymmetries is the reliance on tasks with a known
target identity. In such tasks, attentional control is a function
of voluntary stimulus selection properties governed by the
current goals of the observer. A singleton search should limit
the influence of such top-down mechanisms, particularly
when target and distractor stimuli are drawn from a large pop-
ulation of exemplars. Importantly, results from a singleton
search task may allow us to differentiate between theoretical
accounts that postulate different degrees of importance of pri-
or knowledge of the object/target in producing a search asym-
metry. For instance, some accounts suggest that such knowl-
edge is necessary (e.g., Navalpakkam & Itti, 2005; Wolfe,
1994), while others either purport that bottom-up, saliency-
driven mechanisms can provide sufficient explanation (e.g.,
Rosenholtz, 2001; Saiki, 2008) or make no explicit predic-
tions regarding the role of the top-down influences (for a
brief review, see Saiki, Koike, Takahashi, & Inoue, 2005).
While the role of target–distractor familiarity has not yet been
examined with a singleton search, evidence suggests that
search asymmetries can be obtained even when observers ex-
ecute a search without a predefined target (Saiki et al., 2005).

We examined the role of target and distractor familiarity in
two experiments. Experiment 1 used a 3 (target–distractor fa-
miliarity: familiar-target/familiar-distractor, familiar-target/
novel-distractor, and novel-target/familiar-distractor) × 2 (tar-
get–distractor similarity: high and low) × 3 (set size: 4, 10, and
16 items) repeated-measures design. It employed a large visual
field and presented stimuli in completely random locations. In
Experiment 2, a smaller visual field was usedwith the stimuli in
Set Sizes 2 through 8 arranged along a concentric circle.

If the visual search asymmetry results solely from a differ-
ence in the speed of rejecting familiar versus novel distractors,
then we would expect that both the familiar-target/familiar-
distractors and the novel-target/familiar-distractors conditions
elicit a more efficient search than the familiar-target/novel-
distractors condition, regardless of the presence of a target
(e.g., Fig. 1a). By contrast, if target novelty exerts a pop-out
effect driven by target saliency, the novel-target/familiar-
distractors condition should be more efficient than the two
familiar target conditions. Our predictions, however, are that
the degree of feature overlap between the target and the
distractors will modulate the familiarity-induced asymmetry
effects: That is, target novelty or distractor familiarity may
become more critical to successful target identification with
increased orthographic overlap between targets and
distractors. These effects may not necessarily be found in the
capacity-limited item-selection processing stage or may affect
the item selection stage without affecting distractor rejection
rates (see Fig. 1b–c).

Experiment 1

Method

Participants Fifty-five undergraduate students (ages 18–22
years) completed the study in exchange for $10 or course
credit. Participants reported normal or corrected-to-normal vi-
sion. Eight participants were excluded from analysis because
they failed to meet the 83% response accuracy criterion.

Stimuli Stimuli consisted of 12 uppercase letters and 24 non-
sensical characters (see Table 2). Each uppercase letter was
paired with two nonsensical characters. The confusion matrix
(Fiset et al., 2009; Geyer & DeWald, 1973) provided the basis
for determining similarity. The matrix identified 10 features
shared by the capital English letters, such as line intersections,
line terminations, verticals/horizontals, right and left slants,
and curves. Uppercase letters C, G, E, F, P, R, and their cor-
responding nonsensical characters formed the high-similarity
group: These letter/character pairs shared at least 67% of fea-
tures. Letters O, Z, U, B, T, D, and their corresponding non-
sensical characters formed the low-similarity group: These
pairs shared fewer than 27% of features. For example, P
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would include two intersections, one line termination (bot-
tom), a vertical, two horizontals, and a curve open to the left,
whereas a nonsensical character similar to it,P, would include
an additional intersection, termination, and a vertical, thus
sharing 70% (7 out of 10) features with P. Similarly, “4,”
which is the other nonsensical character paired withP, includ-
ed two additional intersections and a vertical, thereby also
sharing 70% features with P. The cutoff—67% for the high-
similarity conditions and 27% for the low-similarity
conditions—was chosen arbitrarily in order to generate an
ample number of stimuli while ensuring a large enough dif-
ference in shared features between the two similarity condi-
tions. All letters and nonsensical characters were generated
based on a 4 × 5 matrix using font creation software. As
shown in Table 2, we created six conditions by crossing
target–distractor familiarity (three levels) with similarity be-
tween targets and distractors (two levels).

Procedure Stimuli were presented using Inquisit Lab 4. They
were displayed on 23-inch monitors running at 1,920 × 1,080
resolution with 60-Hz refresh rate. Stimuli subtended 25 de-
grees of visual angle horizontally and 12 degrees vertically,
with participants positioned approximately 68 cm away from
the screen. Each trial began with a 300-ms presentation of a
central fixation point (“+”), followed by the stimulus display,
with a 1,000-ms intertrial interval. Stimuli were presented in
uppercase font; the Height × Width of each character was
0.42° × 0.33°. Participants were required to determine, as
quickly as possible, whether the display contained a single
item (referred to as target) that was different from all other
items. As a result, task instructions differed from the conven-
tional visual search task instructions where the participant
must decide whether a particular known target is present or
absent to accommodate the fact that the target item is not
known ahead of time and that it varies from trial to trial.
While there is evidence to suggest that varying task instruc-
tions can affect response latency patterns (e.g., Lee, Sobel,
York, & Puri, 2018), as we discussed in the introduction, the

absence of a predefined target does not have a significant
effect on the search asymmetry (Saiki et al., 2005). On each
trial, participants were instructed to “press the ‘F’ key for
target-present or press the ‘J’ key for target-absent displays.”
These instructions were displayed at the bottom of the screen.

The experiment comprised a practice phase and a test phase.
During practice, participants completed 10 trials with letter
pairs randomly selected from the familiar target/familiar
distractor high-similarity condition; they were alerted if they
made an incorrect response after each trial. The test phase
consisted of 10 blocks of 36 trials. Within each block, trials
varied in target–distractor familiarity (familiar-target/novel-
distractor, novel-target/familiar-distractor, and familiar-target/
novel-distractor), target–distractor similarity (high vs. low), set
size (4, 10, and 16 items), and type (target present vs. target
absent; see Fig. 2 for a representation of sample trials at Set Size
10). Thus each target–distractor combination was presented 10
times over the course of the experiment; a given letter/character
appeared equally often as a target and as a distractor, ensuring
that the targets were not more distinguishable than the
distractors. The distractors on each trial were homogeneous.
Figure 2 provides examples of trials in each experimental con-
dition. Items were shown in random order within each block,
and blocks with accuracy below 83% (i.e., 30 trials out of 36 in
a block of trials) were repeated. To ensure sufficiently high
accuracy of responding, accuracy feedback was provided after
each block wherein accuracy dropped below 83%, and partic-
ipants were prompted to increase their accuracy.

The experiment lasted 30–45 minutes, depending on the
rate of accuracy maintained by the participant. Participants
who could not achieve 83% accuracy overall were dismissed
from the study.

Results

Response times and error rates The dependent variables of
median response times (RTs) for correct responses in each
condition and error rates were subjected to repeated-

Table 2 Target-distractor pairs used in Experiment 1 and Experiment 2

Experimental condition

Familiar target/familiar distractor Familiar target/novel distractor Novel target/familiar distractor

High similarity Low similarity High similarity Low similarity High similarity Low similarity

CG GC OZ ZO Cc C` Oo O6 cC `C oO 6O
EF FE UB BU Gg G1 Zz Z7 gG 1G zZ 7Z
PR RP TD DT Ee E2 Uu U8 eE 2E uU 8U

Ff F3 Bb B9 fF 3F bB 9B
Pp P4 Tt T0 pP 4P tT 0T
Rr R5 Dd D- rR 5R dD -D
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measures analysis of variance (ANOVA) with Bonferroni-
adjusted pairwise comparisons. Figure 3 displays mean RTs
and error rates as a function of target presence, similarity con-
dition, familiarity condition, and set size. For target-present
trials, a three-way repeated-measures ANOVA confirmed
slower RTs when similarity was high, F(1, 46) = 357.97, p <
.001, ηp

2 = .89, and the distractors novel, F(2, 92) = 11.87, p <
.001, ηp

2 = .21, a finding qualified by a significant similarity
by familiarity interaction,F(2, 92) = 11.94, p < .001, ηp

2 = .21.
Follow-up analyses revealed that when the target–distractor
similarity was low, the effect of target–distractor familiarity
was not statistically significant. When similarity was high,
however, search times for the novel-distractors condition were
significantly longer than for either of the familiar-distractors
conditions (ps < .001), which themselves did not differ. The
three-way ANOVA further revealed that larger set sizes led to
higher RTs, F(2, 92) = 42.93, p < .001, ηp

2 = .48, dispropor-
tionately so for highly similar target–distractor pairs, F(2, 92)
= 24.18, p < .001, ηp

2 = .35. Follow-up comparisons indicated
that for highly similar pairs, the RTs for the three familiarity
conditions did not differ at Set Size 4, whereas the novel-
distractors condition produced significantly longer RTs than
the two familiar-distractors conditions at Set Sizes 10 and 16
(all ps < .05). No effects of set size or familiarity were ob-
served for the low-similarity target–distractor pairs.
Thus, when similarity between targets and distractors
is low, the visual search is highly efficient regardless
of target–distractor familiarity. When similarity is high,
the search is efficient when distractors are familiar, re-
gardless of target familiarity and inefficient when the
distractors are novel.

The effect of target–distractor familiarity and feature simi-
larity on error rates was similar to the effect on RTs. Error rates
on target-present trials were higher when target–distractor

similarity was high, F(1, 46) = 81.33, p < .001, ηp
2 = .64, with

a significant Similarity × Familiarity interaction, F(2, 92) =
19.38, p < .001, ηp

2 = .30. Similar to results for RTs, familiar-
ity had a significant effect on error rates only when the target–
distractor similarity was high, with the novel-distractors con-
dition resulting in higher error rates than the two familiar-
distractors conditions (ps < .001), which themselves did not
differ, F(2, 92) = 29.36, p < .001, ηp

2 = .39.
For target-absent trials, RTs were generally faster in the

familiar-distractors compared with novel-distractors condi-
tions and when the distractors were dissimilar from the targets,
main effects: F(1, 46) = 265.61, p < .001, ηp

2 = .85, and F(2,
92) = 40.67, p < .001, ηp

2 = .47, respectively. Distractor fa-
miliarity did not interact with target–distractor similarity.
Naturally, given that no targets were present in these trials,
all of the slopes reflected the serial nature of the search.
Increases in set size resulted in corresponding increases in
RT, F(2, 92) = 121.87, p < .001, ηp

2 = .73, even more so in
the high-similarity condition, F(2, 92) = 19.39, p < .001, ηp

2 =
.30. Neither target–distractor similarity nor familiarity had an
effect on error rates on target-absent trials, which were under
5% overall, but there was a small effect of set size, F(2, 92) =
4.66, p = .012, ηp

2 = .09, indicative of somewhat higher error
rate at Set Size 4 than Set Size 16, p = .017.

Search-function slopes Table 3 displays search slopes for
target-present and target-absent trials. For target-present trials,
only the slopes in the three high-similarity conditions were
significantly different from zero (all ps < .05). A two-way
repeated-measures ANOVA confirmed a main effect of
target-distractor similarity, F(1, 46) = 39.96, p < .001, ηp

2 =
.47, with a marginal effect of familiarity, F(2, 92) = 2.39, p =
.097, ηp

2 = .05, but no interaction, F(2, 92) = 2.23, p = .11, ηp
2

= .05. To increase the power of the analysis, we collapsed the

Familiar-target/

familiar-distractors

Novel-target/

familiar-distractors

Familiar-target/

novel-distractors

High similarity

Low similarity

Fig. 2 Representative trials from Experiment 1 (Set Size 10). The search
for a singleton target is parallel and equally efficient in all conditions
when target-distractor similarity is low. However, when similarity is high,

the search is serial and easier when distractors are familiar regardless of
target familiarity. Note that the stimuli are not drawn to scale.
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two low-similarity familiar-distractors conditions and the two
high-similarity familiar-distractors conditions. The resulting
two-way ANOVA revealed a main effect of familiarity F(1,
46) = 4.17, p = .047, ηp

2 = .08, and an interaction, F(1, 46) =
5.18, p = .028, ηp

2 = .10. Follow-up Bonferroni-adjusted t
tests revealed a significant difference between slopes of famil-
iar and novel distractor conditions when similarity was high,
t(46) = 2.32, p = .025, but not when it was low, t(46) = .244, p
= .81. With high similarity between targets and distractors, the
slopes in the novel-distractors condition were nearly twice as
steep as in the familiar-distractors conditions.

For target-absent trials, slopes were steeper in the high-
similarity (M = 81.7ms/item) compared with low-similarity con-
ditions (M = 60.1ms/item),F(1, 46) = 27.59, p < .001, ηp

2 = .38,
but did not differ across the three familiarity conditions, and there
was no Similarity × Familiarity interaction (Fs < 1). Finally, the
slopes were significantly steeper in all conditions for target-ab-
sent, compared with target-present, trials (all ps < .001).

Comparison of slopes in target-present and target-absent tri-
als We next examined differences between slopes of the two
familiar-distractors conditions (collapsed) and the unfamiliar-
distractor condition as a function of target presence by
conducting separate repeated-measures ANOVAs for high-
similarity and low-similarity conditions. This analysis should
be particularly informative as a test of the three models shown
in Fig. 1. When target-distractor similarity was high, both the
main effects of target presence and of distractor familiarity were
significant, F(1, 46) = 67.98, p < .001, ηp

2 = .60, and F(1, 46) =
4.52, p = .039, ηp

2 = .09, respectively, indicating steeper slopes
in target-absent trials (M = 82.11 ms/item vs. 26.74 ms/item in
target-present trials), as well as with novel (M = 59.11 ms/item)
compared with familiar distractors (M = 49.73 ms/item). There
interaction was only marginally significant, F(1, 46) = 3.25, p =
.078, ηp

2 = .066, although the trend aligns with the results of
analyses summarized earlier: That the slopes of conditions with
novel versus familiar distractors differed only for target-present
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Fig. 3 Mean RTs and error rates as a function of target presence,
similarity condition, familiarity condition, and set size for the target-

present and target-absent trials in Experiment 1 with error bars indicating
standard errors. (Color figure online)

Table 3 Search slopes (ms/item) and intercepts (estimated at midpoint) for the target-present and target-absent trials in Experiment 1

Target-Distractor
Similarity

Search Condition Target-Present Slope Target-Absent Slope Target-Present Intercept Target-Absent Intercept

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Low Novel-Target Familiar-Distractor 4.6 [-0.4, 9.6] 58 [56.1, 69.9] 966 [894, 1038] 1496 [1348, 1643]

Familiar-Target Familiar-Distractor 3 [-3.8, 9.8] 58.5 [46.8, 70.3] 1010 [928, 1092] 1495 [1358, 1632]

Familiar-Target Novel-Distractor 4.5 [-0.3, 9.2] 63.7 [47.6, 79.8] 992 [921, 1063] 1646 [1486, 1806]

High Novel-Target Familiar-Distractor 19.2 [8.7, 29.8] 85 [69.0, 101.0] 1416 [1308, 1524] 1821 [1666, 1976]

Familiar-Target Familiar-Distractor 18 [7.8, 28.3] 76.7 [60.9, 92.6] 1387 [1290, 1484] 1795 [1645, 1945]

Familiar-Target Novel-Distractor 34.8 [23.6, 46.0] 83.4 [68.4, 98.3] 1543 [1428, 1657] 2038 [1867, 2208]
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trials (p = .025); they did not vary for target-absent trials (p =
.561). Thus, the results of this analysis are more in line with
Fig. 1c (i.e., distractor rejection speed plus other factors affect
search efficiency) than with Fig. 1a (distractor rejection speed
alone affects search efficiency) or Fig. 1b (distractor rejection
speed is not a factor in search efficiency).

When similarity was low, target-absent slopes were signifi-
cantly steeper (60.96 ms/item) than target-present slopes (4.14
ms/item) were,F(1, 46) = 88.64, p < .001, ηp

2 = .66, but neither
the main effect of familiarity nor the interaction were statisti-
cally significant (ps > .39). Thus, the distractor rejection rate
was not affected by the familiarity of distractors, whether or not
distractors and targets were highly similar or dissimilar.

Search-function intercepts Table 3 displays intercepts from
linear fits to the individual RTs at a midpoint of the set size
variable. For target-present trials, a two-way repeated-mea-
sures ANOVA revealed a main effect of target–distractor sim-
ilarity, F(1, 46) = 357.97, p < .001, ηp

2 = .89, and familiarity,
F(2, 92) = 11.87, p < .001, ηp

2 = .21, as well as an interaction
F(2, 92) = 11.94, p < .001, ηp

2 = .21. Follow-up Bonferroni-
adjusted comparisons showed no significant differences
among any of the familiarity conditions when target–
distractor similarity was low (all ps > .111), as well as no
difference between the two familiar-distractors conditions
when similarity was high (p = 1.000). The intercepts in the
familiar-target, novel-distractors condition, however, were
127–156 ms higher than the intercepts in the two familiar-
distractors conditions (p < .001).

For target-absent trials, the intercepts in the low-similarity
conditions were 400–500 ms less than the high-similarity condi-
tions,F(1, 46) = 265.6, p< .001,ηp

2 = .85. Therewas also amain
effect of familiarity, F(2, 92) = 40.67, p < .001, ηp

2 = .47, with
intercepts in the two familiar-distractors conditions being almost
200 ms less than the novel-distractors condition (both ps < .001).
There was no interaction, F(2, 92) = 2.11, p = .127, ηp

2 = .04.

Comparison of intercepts in target-present and target-absent
trials For high-similarity stimuli, a significant interaction be-
tween the presence of target and familiarity suggested that the
distractor familiarity had a greater effect in target-absent trials
(230 ms, p < .001) than in target-present trials (141 ms, p <
.001), F(1, 46) = 5.96, p = .018, ηp

2 = .12. For low-similarity
stimuli, the intercept for the novel-distractors condition was
151 ms higher than the familiar-distractors conditions (p <
.001), whereas no such difference was observed with target-
present trials (p = .770), F(1, 46) = 17.60, p < .001, ηp

2 = .28.

Discussion

Our results show that, in accordance with previous findings
(Malinowski & Hübner, 2001; Mruczek & Sheinberg, 2005;
Shen & Reingold, 2001; Wolfe, 2001), familiarity of the

distractors, rather than the target, is responsible for the facili-
tation when searching for a novel target among familiar
distractors versus a familiar target among novel distractors.
However, distractor familiarity expedites the search only
when there is a high degree of feature overlap between targets
and distractors. With minimal overlap the difference in low-
level stimulus features is salient, and familiarity does not in-
fluence search efficiency: The search slopes are essentially
flat, regardless of familiarity, indicating that the target is de-
tected preattentively. Conversely, when target–distractor sim-
ilarity is high, the difference in basic features between the
target and distractors precludes target pop-out and necessitates
a more demanding attentive search. The novelty of back-
ground stimuli modulates the efficiency of this search.

Although looking for a familiar target among familiar
distractors is as efficient as looking for a novel target among
familiar distractors, we hesitate to conclude that the search
asymmetry is solely due to a faster rejection speed elicited
by familiar distractors. On the one hand, the steeper slopes
produced by searching for a familiar target among novel
distractors suggest a per-item processing cost to novel com-
pared to familiar distractors—that is, a cost in search
efficiency. In contrast, the search slopes in the homogeneous
target-absent trials did not differ between the three familiarity
conditions. While we are cautious about drawing conclusions
on the basis of a null finding, the lack of a significant differ-
ence in target-absent slopes could indicate that processing
costs per item remained constant across different familiarity
conditions. If we were to assume that the slopes in the target-
absent trials genuinely reflect the speed of searching through
the array of distractors (Woodman, Vogel, & Luck, 2001), we
would have to surmise that the speeds of rejecting familiar
distractors and novel distractors are indeed comparable.

Another reason to doubt that distractor rejection speed is the
main driving force behind the search asymmetry comes from
the analyses of RTs/intercepts, which show a pronounced cost
when searching through displays with novel distractors under
conditions of high target-distractor similarity. These costs are
not driven by distractor rejection speed; they reflect the influ-
ence of processes outside of item selection.

Finally, our results pinpoint several discrepancies in RTs of
target-present and target-absent trials, which can be taken as
further, albeit indirect, evidence that factors other than the
slower rejection speed of novel distractors contribute to the
search asymmetry. For instance, in the low-similarity condi-
tion, the target–distractor familiarity appears to play no role in
modulating search efficiency when the target is present, but
results in a 150-ms cost for the familiar-target novel-
distractors RTs on target-absent trials. In the high-similarity
condition, the discrepancy between the two familiar-
distractors conditions and the unfamiliar-distractors condition
ismagnified for target-absent trials (by approximately 230ms)
compared with target-present trials (by approximately 140
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ms). Finally, we found no significant differences in target-
present RTs between the three high-similarity conditions at
Set Size 4: Had the search asymmetry in our experiment been
singularly due to faster rejection speed of familiar distractors,
RTs for any of the three high-similarity conditions at Set Size 4
for the target-absent trials would have accorded with those for
the target-present trials and thus would not have differed.

To sum up these observations, distractor familiarity influ-
ences search RTs in the absence of a highly distinctive target to
capture attention. Search slopes, however, differ as a function
of distractor familiarity only for target-present but not target-
absent trials, and only when target-distractor similarity is high,
which activates a capacity-limited search. Therefore, we do
not have sufficient evidence to surmise that the faster speed of
rejecting familiar distractors is the reason for facilitated detec-
tion of a novel target among familiar distractors over a familiar
target among novel distractors. Experiment 2 affords another
opportunity to examine the role of distractor rejection speed
and to rule out other possibilities for the lack of differences in
slopes in the target-absent trials and the discrepancy in search
times/intercepts between the target-present and target-absent
trials. Since Experiment 1 utilized fairly large eccentricities
(25 degrees horizontal, 10 degrees vertical) with stimuli
appearing in random locations, it is possible that incidental
clustering of stimuli may have contributed to the search time
differential. Greater eccentricities are also associated with
lower visual acuity and longer duration saccades (Mruczek
& Sheinberg, 2005), which will affect search latencies
(Carrasco, Evert, Chang, & Katz, 1995). Consequently, we
wanted to get a cleared picture of what happens when the
number of distractors is low and the visual field restricted.
Thus, in Experiment 2 we employed much smaller eccentric-
ities and arranged stimuli along the circumference of an imag-
inary circle. The range of set sizes was also reduced to en-
hance the resolution of responses at smaller set sizes.

Experiment 2

Method

Participants Sixty undergraduate students (ages 18–22 years)
with normal or corrected-to-normal vision completed the study
in exchange for course credit. Eight participants were excluded
from analysis due to low (less than 86%) response accuracy.

Stimuli and procedure Experiment 2 used the same 3 (target–
distractor familiarity) × 2 (target–distractor similarity) design
and stimuli as Experiment 1. Stimuli were presented in sets of
2, 4, 6, and 8, for a total of 480 trials and were arranged along
the circumference of an imaginary circle with a diameter of
10° of the visual angle. We also varied the duration of the
fixation point between 500 ms and 1000ms. Participants were

required to repeat blocks with low accuracy and were
dismissed from the study if unable to maintain overall accu-
racy of 86% or greater. Other aspects of the procedure were
comparable to those in Experiment 1.

Results

Response times and error rates The pattern of results in the
current experiment was similar to those in Experiment 1. For
the target-present trials (see Fig. 4), a three-way repeated-mea-
sures ANOVA showed that RTs were longer in the high, com-
pared with low, similarity condition, F(1, 51) = 147.78, p <
.001, ηp

2 = .74, as well as in the familiar-target/novel-distractor
condition compared with the two familiar-distractors conditions
(ps < .001), F(2, 102) = 10.19, p < .001, ηp

2 = .17. There was
also a main effect of set size, F(3, 153) = 12.32, p < .001, ηp

2 =
.20, and a significant three-way interaction between similarity,
familiarity, and set, F(6, 306) = 2.80, p = .011, ηp

2 = .05.
Follow-up ANOVAs revealed that when the target–

distractor similarity was low, neither target–distractor famil-
iarity nor set size manifested a main effect or interacted. When
similarity was high, however, the novel-distractors condition
had longer RTs than the two familiar-distractors conditions (ps
< .001). Furthermore, the RTs for the three conditions did not
differ at Set Size 2 (p = .199), but the novel-distractors condi-
tion RT was increasingly longer than the two familiar-
distractors conditions at Set Sizes 4, F(2, 102) = 4.47, p =
.014, ηp

2 = .08; 6, F(2, 102) = 4.79, p = .010, ηp
2 = .09; and

8, F(2, 102) = 14.20, p < .001, ηp
2 = .22.

Similar to Experiment 1, errors were higher in the high-
similarity condition, F(1, 51) = 44.11, p < .001, ηp

2 = .46, al-
though a significant Similarity × Familiarity interaction, F(2,
102) = 8.88, p < .001, revealed no effect of target–distractor
familiarity when targets and distractors were dissimilar, but an
increase in errors in the novel-distractors condition when they
were similar (p ≤ .002; the two familiar-distractors conditions did
not differ significantly), F(2, 102) = 11.77, p < .001, ηp

2 = .19.
For target-absent trials, a three-way repeated-measures

ANOVA revealed a significant main effect of the target–
distractor similarity and familiarity on RT, F(1, 51) =
138.91, p < .001, ηp

2 = .73, and F(2, 102) = 61.35, p < .001,
ηp

2 = .55, respectively: RTs were longer in the high-similarity
conditions (p < .001), and novel distractors resulted in signif-
icantly longer RTs than familiar distractors (p < .001). Follow-
up analyses revealed that while the two familiar-distractors
conditions did not differ, both produced significantly shorter
RTs than the familiar-target/novel-distractors condition at al-
most every set size for both high-similarity and low-similarity
pairings (ps ≤ .028). The only exceptions were set sizes 4 and
6: When target–distractor similarity was low, the familiar-tar-
get/familiar-distractors and the familiar-target/novel-
distractors conditions did not differ (p = .911 at Set Size 4; p
= .118 at Set Size 6).
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With respect to errors, the high-similarity condition pro-
duced a significantly higher error rate than the low-similarity
condition did, F(1, 51) = 14.74, p < .001, ηp

2 = .22.
Familiarity also had a significant main effect, F(2, 102) =
22.43, p < .001, ηp

2 = .31: Error rate for the novel-
distractors condition was significantly higher than the two
familiar-distractors conditions (p < .001).

Search-function slopes Table 4 displays search slopes for the
six search conditions (2: similarity × 3: familiarity) for both the
target-present and target-absent trials. A repeated measures
ANOVA on target-present slopes revealed main effects of fa-
miliarity F(2, 102) = 3.52, p = .033, ηp

2 = .07 and similarity
F(1, 51) = 32.81, p < .001, ηp

2 = .39, qualified by an interaction
F(2, 102) = 7.43, p = .001, ηp

2 = .13.When the target–distractor
similarity was low, search slopes were efficient (< 10ms/item)
and did not differ across familiarity conditions. When similarity
was high, the familiar-target/novel-distractors condition pro-
duced a slope five times steeper (M = 42.8 ms/item) than the
novel-target/familiar-distractors condition (8.2 ms/item; p =
.001) and nearly twice as steep as the familiar-target/familiar-
distractors condition (23.1 ms/item; p = .059), F(2, 102) = 8.04,
p = .001, ηp

2 = .14. The search slopes did not differ significantly
between the familiar-target/familiar-distractors and novel-tar-
get/familiar-distractors conditions (p = .284).

For the target-absent trials, slopes were steeper in the high-
similarity (M = 27.1 ms/item) compared with low-similarity
conditions (M = 7.2 ms/item), F(1, 51) = 27.88, p < .001, ηp

2 =
.35, and there was a marginally significant effect of familiarity,

F(2, 102) = 2.98, p = .055, ηp
2 = .06, suggesting a somewhat

steeper slope in the novel-distractors conditions (M = 24.27
ms/item) than in the familiar-distractors conditions (M = 13.57
ms/item), but no interaction (F < 1). Notably, the target-absent
slopes of the three low-similarity conditions were not different
from zero, while the slopes in the three high-similarity condi-
tions were all reliably above zero (see Table 4).

Comparison of slopes in target-present and target-absent tri-
als Similarly to Experiment 1, we wanted to determine wheth-
er there were differences between slopes of the two familiar-
distractors conditions (collapsed) and the unfamiliar-distractor
condition as a function of target presence. Repeated-measures
ANOVAs were carried out separately for high-similarity and
low-similarity conditions. When target-distractor similarity
was high, only the main effect of distractor familiarity was
significant, F(1, 51) = 12.61, p = .001, ηp

2 = .20, indicating
steeper slopes with novel (M = 40.61 ms/item) compared with
familiar distractors (M = 18.55 ms/item). When similarity was
low, neither the two main effects nor the interaction were
statistically significant (all ps > .09). Finally, a series of paired
t tests revealed that the target-absent slopes did not differ from
target-present slopes in any of the experimental conditions (all
ps > .11).

Search-function intercepts Intercepts from linear fits to the
individual RTs are shown in Table 4, centered on the set size
variable. For target-present trials, a two-way repeated-mea-
sures ANOVA revealed a main effect of target-distractor
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Fig. 4 Mean RTs and error rates as a function of target presence, similarity condition, familiarity condition, and set size for the target-absent and target-
present trials in Experiment 2 with error bars indicating standard errors. (Color figure online)
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similarity, F(1, 51) = 147.78, p < .001, ηp
2 = .74, and famil-

iarity, F(2, 102) = 10.19, p < .001, ηp
2 = .17, as well as an

interaction, F(2, 102) = 9.45, p < .001, ηp
2 = .16. Follow-up

Bonferroni-adjusted comparisons showed no significant dif-
ferences among any of the familiarity conditions when target-
distractor similarity was low (all ps = 1.000), as well as no
difference between the two familiar-distractors conditions
when similarity was high (p = 1.000). The intercepts in the
familiar-target, novel-distractors condition, however, were ap-
proximately 100 ms higher than the intercepts in the two
familiar-distractors conditions (p < .001).

For target-absent trials, the intercepts in the low-similarity
conditions were approximately 190 ms less than the high-
similarity conditions, F(1, 51) = 138.91, p < .001, ηp

2 = .73.
There was also a main effect of familiarity, F(2, 102) = 61.35,
p < .001, ηp

2 = .55, with intercepts in the two familiar-
distractors conditions being approximately 165 ms less than
the novel-distractors condition (both ps < .001). The interac-
tion was significant, F(2, 102) = 9.45, p < .001, ηp

2 = .16:
With low similarity, the two familiar-distractors conditions
yielded intercepts 105 ms lower than the novel-distractors
condition. When similarity was high, the difference between
the two familiar-distractors conditions and the novel-
distractors condition was magnified: The two familiar-
distractors conditions produced intercepts approximately
225 ms lower than the novel-distractors condition (all post
hoc Bonferroni p values were significantly different, p <
.001, except for the differences between the novel-target fa-
miliar-distractors and familiar-target familiar distractors con-
ditions, ps > .05).

Comparison of intercepts in target-present and target-absent
trialsWe collapsed the midpoint intercepts of the two familiar-
distractor conditions and compared them to the intercepts of
the novel-distractor condition across target-present and target-
absent trials. A repeated-measures ANOVA revealed a main
effect of distractor familiarity, F(1, 51) = 67.22, p < .001, ηp

2 =
.57, qualified by a significant interaction: While novel
distractors consistently produced higher intercepts, post hoc
Bonferroni comparisons revealed that the difference between

the novel and familiar distractors for target-absent trials was
considerably greater (M = 255 ms, p < .001) than the differ-
ence for target-present trials (M = 102 ms, p < .001).

Discussion

Experiment 2 replicated the key finding of Experiment 1: For
target-present trials, searching among familiar distractors was
more efficient than among novel distractors regardless of tar-
get familiarity, but only when the similarity between the target
and distractors was high. When the target and distractors were
dissimilar, the asymmetry disappeared, and the search func-
tion slopes reflected an efficient search during which the target
popped out regardless of target or distractor familiarity.

Furthermore, consistent with the results of Experiment 1,
the search-function intercepts carried much of the cost of
distractor novelty; these costs were apparent both for target-
present and target-absent, homogeneous, search displays.
Although at first glance, the considerably steeper slope of
locating the familiar target among novel distractors in com-
parison to the familiar-distractors conditions appears to sug-
gest a difference in distractor rejection speed, the rate of
searching through the homogeneous distractors did not seem
to vary with their familiarity.

This outcome is inconsistent with the conclusion that the
speed of processing and rejecting familiar distractors is indeed
faster than the speed of processing and rejecting unfamiliar
distractors. The findings of Experiment 2, therefore, align best
with the model drawn in Panel C of Figure 1, in which
distractor familiarity affects processes outside item selection.
They also confirm our supposition that the lack of a difference
in the distractor rejection speed and the discrepancy between
target-present and target-absent trials cannot be reduced to
factors concerning stimulus presentation.

General discussion

Our research addresses the basic question of how the atten-
tional system prioritizes visual search by demonstrating that

Table 4 Search slopes (ms/item) and intercepts (estimated at midpoint) for the target-present and target-absent trials in Experiment 2

Target-Distractor
Similarity

Search Condition Target-Present Slope Target-Absent Slope Target-Present Intercept Target-Absent Intercept

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Low Novel-Target Familiar-Distractor 6.4 [-2.4, 15.1] 6.6 [-1.6, 14.9] 625 [572, 678] 600 [562, 637]

Familiar-Target Familiar-Distractor -0.4 [-8.1, 7.3] 4.8 [-3.7, 13.2] 628 [584, 671] 635 [587, 682]

Familiar-Target Novel-Distractor -1.5 [-9.8, 6.8] 10.1 [-0.3, 20.5] 625 [569, 680] 723 [662, 784]

High Novel-Target Familiar-Distractor 8.2 [-1.8, 18.2] 20 [7.9, 32.0] 806 [736, 877] 760 [698, 821]

Familiar-Target Familiar-Distractor 23.1 [11.6, 34.6] 22.9 [9.2, 36.7] 800 [721, 879] 770 [709, 832]

Familiar-Target Novel-Distractor 42.8 [27.5, 58.1] 38.5 [24.3, 52.6] 904 [814, 996] 991 [899, 1082]
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the observer’s familiarity with the background information
becomes increasingly important to search efficiency when
low-level features that differentiate objects (targets) from the
background (distractors) increase in the degree of overlap.
Specifically, we aimed to clarify the mechanisms that could
explain why searching for a novel target among familiar
distractors is easier than searching for a familiar target among
novel distractors. The explanations for this search asymmetry
have not been consistent, with some authors suggesting that
attention can be captured preattentively by a novel target
(Treisman & Gormican, 1988) or that attentional capture re-
quires a difference in familiarity between targets and
distractors (Wang et al., 1994). Others argued that the famil-
iarity of distractors facilitates their rejection in the capacity-
limited attentive stage of visual search (Malinowski &
Hübner, 2001; Mruczek & Sheinberg, 2005; Shen &
Reingold, 2001). These explanations, however, fall short of
accounting for the results of our experiments, which carefully
controlled the number of basic features shared by targets and
distractors and attempted to minimize the role of target knowl-
edge by using a search task without a predefined target.

The findings we report advance our understanding of the
factors that give rise to the visual search asymmetries in sev-
eral ways. First, in both experiments the data from the target-
present trials concur with the previous findings that distractor,
rather than target, familiarity drives the asymmetry: The
search among familiar distractors was easier than among nov-
el distractors regardless of target familiarity. However, this
conclusion must be qualified by three observations. First, only
when targets and distractors were highly similar was the
search affected by distractor familiarity. Second, familiarity
of distractors affects processes that lie outside of the
capacity-limited item selection stage apart from the effects it
might have on the distractor rejection rate. While the search-
function slopes of locating a target among novel distractors
were consistently higher than the slopes of searching for a
target among familiar distractors, by analyzing the slopes of
target-absent trials we found no differences in the rejection
speed of familiar and novel distractors. On the contrary, dif-
ferent familiarity conditions produced similar slopes with re-
spect to target-absent trials in both experiments. Thus, our
results raise the previously-unexplored possibility that the
speeds of rejecting familiar and novel distractors may indeed
be comparable, in which case we must search for causes of the
familiarity-driven asymmetry outside of the item selection
stage. Our findings suggest that these causes may involve
pre- or post-attentive factors such as search initiation, moni-
toring, and termination processes; these possibility are worthy
of further examination. Third, if the speed of rejecting novel
and familiar distractors indeed does not differ, given that the
search asymmetry nonetheless occurred (i.e., the target-
present slopes were steeper in the novel-distractors compared
to the familiar-distractors conditions), it follows that distractor

familiarity does not seem to be the sole factor contributing to
the search asymmetry.

Our claim that distractor rejection speed does not fully
explain the search asymmetry holds up regardless of search
task parameters, such as stimulus eccentricity and set size. For
instance, in Experiment 1 the target-absent slopes were con-
siderably steeper than target-present slopes yet remained
largely invariant between familiar and novel distractors
(Table 3). A reduction in eccentricity and set size in
Experiment 2 reduced the differences in slopes of target-
present and target-absent trials, yet distractor familiarity did
not affect the target-absent slopes (Table 4). Moreover, target-
present slopes in both experiments were affected by distractor
familiarity in a similar fashion: Steeper slopes were observed
in the novel-distractors condition, whereas shallower slopes
were found in the two familiar-distractors conditions.
Primarily, however, our results indicate that the bulk of the
differences between conditions with familiar distractors and
novel distractors was carried by the intercept of the search
function: In target-absent trials of both experiments, RT incre-
ments were additive with set size, indicating a fixed cost to
encountering novel distractors during a search. In target-
present trials, the intercept differences were found only when
distractors and targets were orthographically similar; when the
low-level features were distinct, the intercepts, like the slopes,
remained invariant.

The degree of similarity between targets and distractors
proved to be a powerful moderator of the discrepancy in
target-present search slopes: With high similarity, the slopes
were steeper when distractors were novel, suggesting greater
per-item inspection times. However, the slopes did not vary
with distractor familiarity when similarity between the target
and distractors was low. In fact, low-similarity slopes in all
conditions of our two experiments were under 6.5 ms/item, an
indication of target “pop-out” that is characteristic of parallel
search, much like what happens when we readily detect a
single red circle among blue circles or a single vertical line
among many horizontals. Thus, we must conclude that the
familiarity of stimuli, be it targets or distractors, is not a factor
in attentional selection when low-level features are sufficient
to capture attention without the item-by-item search. On the
other hand, when the low-level features of targets and
distractors are similar enough to preclude a pop-out, familiar-
ity of the distractors gains prominence in facilitating search
efficiency as the difficulty of the search increases.

The roles of distractor familiarity
and target–distractor similarity in producing a search
asymmetry

Our main finding can be summed up by the following: When
the target–distractor similarity is high, novel distractors pro-
duce steeper target-present slopes and higher intercepts, while
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in target-absent trials, only the intercepts, but not slopes, di-
verge. These results approximate the linear search functions
displayed in Fig. 1c. When the target–distractor similarity is
low, the convergence of target-present search-function slopes
and intercepts indicates that the target pop-out eliminates any
potential effects due to distractor familiarity. For target-absent
trials, a difference in search intercepts, but not slopes, is con-
sistent with the idea, depicted in Fig. 1b–c, that distractor
familiarity does not necessarily affect distractor processing,
but rather seems to engage preattentive or postattentive mech-
anisms.Wewill next discuss several potential explanations for
this this pattern of results.

The presence of the search asymmetry, coupled with the
observation of comparable target-absent slopes between the
novel-distractors and familiar-distractors conditions, is at odds
with previous explanations for the search asymmetry, such as
the increase in the number of distractors that can be simulta-
neously rejected if they are familiar (Greene & Rayner, 2001;
Mruczek & Sheinberg, 2005). A difference in search RTs
(captured by search-function intercepts), but not search effi-
ciency (captured by search-function slopes), suggests that
distractor familiarity may affect mechanisms outside of stim-
ulus selection (Wolfe, Oliva, Horowitz, Butcher, & Bompas,
2012). Indeed, models of attentional selection, such as the
guided search model (Wolfe, 1994), have shown that the effi-
ciency of search through an array of distractors does not im-
prove even after prolonged exposure to said distractors in
extensive trials. Thus, rather than reducing the item selection
rate, distractor familiarity may influence preattentive or
postattentive processing, such as search monitoring and termi-
nation processes (e.g., Hout & Goldinger, 2012; Visalli &
Vallesi, 2018).

For instance, when the distractors are unfamiliar, the deci-
sion to terminate the searchmay come later than when they are
familiar. According to Chun andWolfe (1996), the decision to
terminate the search is set automatically based on a threshold
that updates performance goals based on desired speed, accu-
racy, and a certain tolerance for guessing. Task parameters,
such as display eccentricity, will further alter the decision
threshold. The novelty of distractors may therefore delay the
decision to terminate the search based on one or more of these
criteria. On the other hand, familiar distractors may lower the
observer’s decision threshold regarding the presence of a sin-
gleton in a particular display or increase decision confidence
(e.g., Kunar, Flusberg, Horowitz, & Wolfe, 2007).

A search termination threshold can also be set adaptively
depending on task parameters. Imagine that an observer en-
counters a trial with stimuli (primarily distractors) that, on
prior trials, were associated with a confusable target (i.e., a
target that’s physically similar to distractors). Even as ob-
servers cannot increase the speed of the search through, and
rejection of, distractors, they can implicitly establish a more
conservative decision criterion whereby they might search

longer through the distractor display before concluding that
there is no unique item present. Thus, distractor familiarity
might be considered a form of contextual cueing in which
knowledge of stimulus properties truncates the search for a
target by reducing the time to arrive at a conclusion. As such,
familiarity effects should be apparent both on target-present
and target-absent trials, as was indeed the case in our experi-
ments. This reasoning can also explain why any familiarity
effects are magnified with highly similar targets and
distractors: Since we employed the same set of stimuli for both
target-present and target-absent trials, and given that the target
and the distractors in the target-present trials could be highly
confusable, participants could have been more cautious about
terminating the search in the high-similarity conditions if they
suspected that a highly confusable target might also be pres-
ent. In other words, there might be some practice effect such
that the participants learned to associate characters from the
high-similarity conditions with the potential presence of a
highly confusable target, yielding longer RTs.

Another explanation for the RT advantage of familiar
distractors concerns their effects on visual working memory
(VWM), which provides temporary storage to a limited num-
ber of objects. Examination of our results (particularly Figs. 3
and 4) suggests that the costs of distractor novelty emergewith
larger set sizes: For high-similarity targets, there are no costs at
Set Size 4 in Experiment 1 or Set Size 2 in Experiment 2; for
low-similarity targets, these costs are completely abolished
because the target pops out of the display without the need
for attentive search. These trends are consistent with a model
that postulates a limit of three to four on the number of objects
that can be held in VWM concurrently (Luck, 2008; Luck &
Vogel, 1997). According toWoodman et al. (2001), taxing the
VWM capacity increases the intercepts, but not slopes, of
search RTs (see also Wolfe et al., 2012). Therefore, holding
novel distractors in working memory may require more pro-
cessing resources that holding the familiar distractors would.
The reasons for this outcome are unclear, but one possibility
includes a more efficient perceptual grouping, or chunking, of
familiar distractors. This reasoning is particularly fitting when
we examine the data from our target-absent trials: When sim-
ilarity is high, novel distractors add a constant per-item cost to
the search process; when similarity is low, the cost is still
fixed, but lower. This pattern of results suggests, yet again,
that faster search times do not result from an increased ability
to process individual items, but from other factors such as,
potentially, altered decision thresholds, response confidence,
or even a reduction in fixations per trial (e.g., Hout &
Goldinger, 2012).

Given that targets that share features with distractors will
have a particular difficulty accessing VWM (Duncan &
Humphreys, 1989), we would expect a greater bottleneck in
the storage of targets and distractors with highly similar fea-
tures. Indeed, in both of our experiments, larger intercept and
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slope differences were obtained when similarity between tar-
gets and distractors was high. Adding to the perceptual load in
the high-similarity condition is the number of features that
comprised the high-similarity stimuli: In applying Fiset
et al.’ (2009) feature matrix to calculate the average number
of unique features in distractors used in our study, we deter-
mined that the distractors in the high-similarity conditions
had, on average, 10.5 features compared with 8.4 in the low-
similarity conditions. Hence, the number of features that must
be processed might increase the difficulty of the high-
similarity search: That factor alone will magnify search slopes
by interfering with the visual system’s ability to segment vi-
sual space if the oddball stimulus does not pop out.
Conversely, when the perceptual load is low, in the language
of the guided search theory of visual search (Wolfe, 1994)
preattentive processes would enable the user to both identify
the locations of potential targets and their identity, since one or
more features of the low-similarity target is an odd-man out.
Our results demonstrate that this preattentive capture happens
regardless of target or distractor familiarity. When similarity
between targets and distractors is high, however, preattentive
processes are not sufficient to detect the oddball target, and
identification must proceed during a limited-capacity stage of
processing where the display is searched serially until the
target is located. In that case, the search function slopes are
significantly higher than zero.

Distractor novelty introduces a further load into the
already-taxed attentive stage. The effects of this load can be
manifested as increased search function slopes or intercepts.
Our observations suggest that increasing the set size does not
necessarily add per-item costs to the search RTs. Rather, the
costs imposed by distractor familiarity appear to be fixed as
the speed of distractor rejection remains constant regardless of
set size. While this conclusion is plausible, given our data, it is
limited by its nature as a “null result,” albeit one that’s clearly
observed in both of the current experiments. On the other
hand, if this reasoning is accurate, how could one explain
the steeper slopes when searching for a target among novel,
compared with familiar, distractors? We next consider wheth-
er these steeper slopes might occur because of the properties
of the target.

Do target characteristics enhance perceptual
processing?

In spite of the importance of distractors to search asymmetry,
the role of the target cannot be discounted completely. Our
results are consistent with the claim that the discrepancy be-
tween the responses on target-present and target-absent trials
results from an increase in the general task completing effi-
ciency (decrease in reaction times) when a familiar target is
added to otherwise novel distractors. However, the advantage
given by the familiar target may only occur under one of the

two circumstances: Either when the set size is small or when
the target–distractor similarity is low. What both circum-
stances share is that the perceptual load they demand from
participants is relatively low. This is consistent with the per-
ceptual load theory of selective attention (Lavie, 2005; Lavie
& Cox, 1997), according to which perception can process all
stimuli automatically in a parallel fashion, but has limited
capacity. As a result, task-irrelevant information can be proc-
essed when the perceptual load is low, and spare capacity can
be used to process additional information. In contrast, when
the task is demanding so that it fully exploits perceptual ca-
pacity, additional information cannot be processed. Hence, we
speculate that when the perceptual load required by the task is
low, additional information regarding target familiarity can be
used to facilitate identifying the target. In contrast, when the
perceptual load is high, as in those trials that had a large set
size or high similarity between the target and distractors, target
familiarity can no longer be utilized while distractor familiar-
ity gains prominence in governing search efficiency.

It is also possible that target detection can be enhanced
indirectly by distractor familiarity: Evidence suggests that an
increase in the efficiency of perceptual grouping of familiar
distractors can enhance the salience of a target (Yang, Chen, &
Zelinsky, 2009). Finally, the mere presence of the target might
be sufficient to alter how distractors are processed. The dis-
crepancy in target-present and target-absent slopes evident in
our results does not preclude the possibility that the presence
of the target modulates the distractor rejection rate.

Conclusions and limitations

Our findings are consistent with previous assertions (e.g.,
Duncan & Humphreys, 1989; see also Wolfe, 2001) that effi-
cient target detection is contingent upon the similarity of fea-
tures between the target and the distractors: The target pops
out of the array when that similarity is low—that is, when the
target possesses distinguishing features. In those cases,
distractors are not scrutinized, particularly when they are ho-
mogeneous. Increasing similarity between the target and the
distractors necessitates the more demanding serial search,
which leads to increases in RTwith set size as well as a reduc-
tion in search efficiency. The novelty of distractors imposes
global costs on the search performance outside of the attentive
search, and the distractors’ role becomes more prominent as
perceptual load increases. Indeed, single-cell recordings sup-
port the view that more similar distractors are processed lon-
ger by the visual system than less similar distractors after
evidence about both has been allowed to accumulate
(Purcell et al., 2010).

Importantly, previous research has tended to focus on
distractor processing speed and overlooked the effects of fa-
miliarity on other general processes like search monitoring
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and termination, which may play a prominent role in giving
rise to the search asymmetry. Examination of the role of top-
down strategic and experience-driven processes more broadly
may provide a fruitful avenue for future research. While we
argued for a key role of the search termination processes in
driving the familiar-distractors search advantage, wemust also
consider the possibility that early perceptual processing has
contributed to our results, particularly the effects due to
target–distractor similarity. Buetti et al. (2016) demonstrated
that processing of stimulus displays prior to when individual
items are scrutinized can be affected by the target–distractor
similarity: The visual system imposes elevated preattentive
decision thresholds when stimulus similarity increases.
These thresholds are global in nature, rather than affecting
separate feature channels, and they increase search RTs. Our
observation of elevated intercepts for high-similarity com-
pared with low-similarity homogeneous (i.e., target-absent)
displays is consistent with that view, although additional re-
search is needed to tease apart the contribution of preattentive
and postattentive processes to search asymmetries. More gen-
erally, the interaction between preattentive and postattentive
processes can reveal more fully the effects of familiarity on
visual search. For instance, eye tracking work suggests that
during a search, after the observer’s gaze locates the target
preattentively, it wanders away before returning to the target
twice as often in the familiar-target/novel-distractors than the
novel-target/familiar-distractors trials (Zhaoping & Frith,
2011).

One potential criticism of the current experiments concerns
the external validity of results: Real-world search behaviors
involve complex stimuli and substantial heterogeneity in
distractors. In those situations, familiarity of the target may
exert a stronger influence on the visual search than the
familiarity of distractors (Qin et al. 2014). Similarly, certain
complex targets, such as angry faces, may capture attention
regardless of distractor familiarity or valence (Shasteen,
Sasson, & Pinkham, 2014). Finally, intermixing trials with
search targets that were distractors in previous trials, as was
done in our experiments, increases the difficulty of the visual
search (Shiffrin & Schneider, 1977). In spite of these limita-
tions, understanding the principles of attentional capture can
have a variety of real-life applications: For instance, impair-
ments in attentional guidance, and particularly reduced
sensitivity to stimulus novelty, can contribute to working
memory impairments in clinical populations such as individ-
uals with schizophrenia (Mayer, Kim, & Park, 2014).
Observations that familiar brand logos are detected faster than
unfamiliar logos can improve our understanding of effective
marketing (Qin et al., 2014), while understanding factors that
distinguish objects from the background of the environment
has broad applicability to reconnaissance, surveillance, and
other military applications (Fincannon, Keebler, Jentsch, &
Curtis, 2013).

To conclude, our findings confirm the claim that the prop-
erties of distractors are the primary contributor to the more
efficient identification of a novel target among familiar
distractors than a familiar target among novel distractors.
However, the absence of any difference in slopes in target-
absent trials casts doubt on the hypothesis that search asym-
metry results solely from faster rejection speed of familiar
distractors. Consequently, we speculate that distractor famil-
iarity influences processing stages outside of attentional selec-
tion: This assertion is confirmed by our observation of consis-
tently higher RTs when distractors are novel regardless of
target presence. Yet given that the differences in slopes be-
tween the different familiarity conditions were nonetheless
observed in target-present trials, we argue that target charac-
teristics, or at least target presence, may also contribute to
search asymmetry. While distractor familiarity acts primarily
on preattentive or postattentive processes, the presence of the
target may be the critical factor to facilitate the familiar
distractor rejection rate. This outcome presents an intriguing
possibility to be examined in future research. In fact, neuro-
imaging evidence indicates that familiar distractors can be
suppressed during visual search at the same time as target
selection is enhanced (Dent, Allen, Braithwaite, &
Humphreys, 2012; Seidl, Peelen, & Kastner, 2012), and that
distractor suppression can become difficult when distractors
share features with targets. However, the careful controls
afforded by manipulating the basic features of targets and
distractors suggest that the similarity of these features is a
key variable that affects the perceptual load on the visual sys-
tem and determines the costs of the search and whether or not
a search asymmetry will be observed. Broadly speaking, our
results indicate that the study of search asymmetries continues
to provide fertile grounds for testing the predictions of the
many theories of attention, just as it did in the seminar work
of Treisman and colleagues (Treisman & Gormican, 1988;
Treisman & Souther, 1985).
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