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Previous studies demonstrate that attentional selection can be object-based, in which the object is defined in
terms of Gestalt principles or lexical organizations. Here we investigate how attentional selection functions
when the two types of objects are manipulated jointly. Experiment 1 replicated Li and Logan (2008) by show-
ing that attentional shift between two Chinese characters is more efficient when they form a compound word
than when they form a nonword. Experiment 2A presented characters either alone or within rectangles (Egly,
Driver, & Rafal, 1994) and the characters in a rectangle formed either a word or a nonword. Experiment 2B
differed from Experiment 2A in that the two characters forming a word were in different rectangles. Exper-
iment 3A presented the two characters of a word either within a rectangle or in different rectangles. Exper-
iment 3B used the same design as Experiment 3A but presented stimuli of different types in random orders,
rather than in blocks as in Experiments 2A, 2B and 3A. In blocked presentation, detection responses to the
target color on a character were faster when this character and the cue character formed a word than
when they did not, and the size of this lexical-based object effect did not vary according to whether the
two characters were presented alone or within or between rectangles. In random presentation, however,
the lexical-based object effect was diminished when the two characters of a word were presented in different
rectangles. Overall, these findings suggest that the processes that constrain attention deployment over con-
joined objects can be strategically adjusted.
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1. Introduction

Attentional selection of visual information can be both space-
based and object-based. Space-based selection is conducted by mov-
ing attentional focus, which is analogous to either a spotlight (Posner,
1980) or zoom lens (Eriksen & St. James, 1986; Eriksen & Yeh, 1985),
to a particular location in the visual space. Processing of information
at that location is hence enhanced. Object-based selection is con-
ducted by focusing attention on a particular object, which is formed
through early preattentive processes that segment the visual scene
according to the Gestalt principles of perceptual organization (e.g.,
Baylis & Driver, 1992, 1993; Behrmann, Zemel, & Mozer, 1998; Duncan,
1984; Egly, Driver, & Rafal, 1994; Kahneman & Henik, 1981; Kramer &
Jacobson, 1991; Treisman, Kahneman, & Burkell, 1983; Vecera & Farah,
1994; see Scholl, 2001 for a review). Processing of properties belonging
to the selected object is thus enhanced.

Experimental evidence in support of object-based attentional se-
lection comes from a variety of paradigms, among which the two-
rectangle cuing paradigm (Egly et al., 1994) stands in a prominent po-
sition. Egly et al. (1994) presented two parallel rectangles (objects) to
participants and asked them to detect as quickly as possible a target
flash, which appeared at one end of a rectangle. Before the target
was presented, however, there was an informative cue presented at
one of the four ends of the rectangles. On most trials, the cue validly
indicated the location of the subsequent target. On some trials, how-
ever, the cue was presented at the opposite end of the same rectangle
where the target appeared, or at the equidistant end of the alternative
rectangle. It was found that reaction times (RTs) to the target were
the shortest at the validly cued location, reflecting an endogenous
cueing effect. More importantly, RTs for invalidly cued trials were
shorter when the target appeared on the cued object than when it
appeared on the uncued object, despite the fact that the target was
equally likely to appear at either location and that the two uncued lo-
cations were at the same distance from the cued location. This same-
object advantage (or different-object disadvantage) suggests that al-
location of attention is not only constrained by the relative spatial po-
sitions of the cue and the target, but also by the perceived object
structure of the display. The object structure in the visual field guides
the definition and selection of a region of space (Arrington, Carr,
Mayer, & Rao, 2000).

Since the seminal work of Egly et al. (1994), a large number of
studies on object-based attention have employed this two-rectangle
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cuing paradigm and the original findings have been replicated and
extended (e.g., Abrams & Law, 2000; Kliegl, Wei, Dambacher, Yan, &
Zhou, 2011; Lamy & Egeth, 2002; Lamy & Tsal, 2000; Marrara &
Moore, 2003; McCarley, Kramer, & Peterson, 2002; Moore & Fulton,
2005; Moore, Yantis, & Vaughan, 1998; Mortier, Donk, & Theeuwes,
2003; Pratt & Sekuler, 2001; Shomstein & Yantis, 2004). An important
extension was made by Li and Logan (2008) who presented four Chi-
nese characters around the fixation and cued one position with a
color on a character. In the invalid cue conditions, responses were fas-
ter when the target character and the cue character formed a com-
pound word than whey they did not. This effect was interpreted as
indicating that objects can be defined in a top-down fashion based
on lexical organization and these lexical-based objects can constrain
attention deployment in the same way as perceptual-based objects.
A recent study by Chen and Zhou (2011) also showed that perception
of visual apparent motion can be modulated by a task-irrelevant, lex-
ical-based object. The authors presented participants with two suc-
cessive stimulus frames of a visual Ternus display (Petersik & Rice,
2006; Ternus, 1926), in which each frame had two discs, with the sec-
ond disc of the first frame and the first disc of the second frame being
presented at the same location. Depending on the stimulus onset
asynchrony (SOA) between the two frames, observers could perceive
either “element motion”, in which the endmost disc is seen as moving
back and forth while the middle disc at the overlapping or central posi-
tion remains stationary, or “group motion”, in which both discs appear
to move in a manner of lateral displacement as a whole. When each
disc was embedded with a Chinese character, more reports of group
motion, as opposite to element motion, were obtained when the em-
bedded characters formed two-character compound words than when
they formed nonwords, suggesting that Chinese compound words are
represented as wholes in the lexicon (Zhou & Marslen-Wilson, 2009;
Zhou, Marslen-Wilson, Taft, & Shu, 1999) and this lexical information
is used in a top-down fashion to group Chinese characters into objects
and to affect visual perception.

An interesting question is how the two types of objects, the lexical
(top-down) and perceptual (bottom-up) defined objects, would work
in concert to constrain attention deployment when they are manipu-
lated jointly. This question is important because the pattern of effects
would allow us to infer how the cognitive processes underlying the
two types of object effects would work together in constraining atten-
tional shift and to what extent the functioning of the cognitive process-
es is affected by task demand or contextual factors. One can image that
a lexically defined object (e.g., a two-character Chinese compound
word) can be arrayed either congruently or incongruently with a per-
ceptually defined object (i.e., the two characters forming a compound
word are displayed within a rectangle or in different rectangles). In
the congruent condition, the processes underlying the two types of ob-
ject effects might work together, either interactively or independently,
to facilitate attentional shift and to augment the overall object effect; in
the incongruent condition, the processes subserved by the two types of
object structures might work against each other, putting attentional
shift in limbo and hence reducing or eliminating the overall object ef-
fect. On the other hand, if the processing system can be strategically ad-
justed and if it relies on one type of object structure (e.g., the lexically
defined) under certain circumstances to constrain attentional shift,
then the overall object effect might not be affected by the congruency
between the two types of object structures.

To test these possibilities, we conducted experiments in which the
two characters forming a Chinese compound word were presented
either within a rectangle (the congruent condition; Experiment 2A)
or in two different rectangles (the incongruent condition; Experiment
2B). These critical manipulations were compared with the condition
in which characters forming compound words were presented
alone, as in Li and Logan (2008), and with the condition in which
characters forming nonwords were presented within rectangles. To
test further whether the congruency between the arrays of lexically
and perceptually defined objects affect the overall object effect, Ex-
periment 3A included both the congruent and the incongruent condi-
tions. In both Experiments 2A, 2B and Experiment 3A, trials of
different conditions were blocked according to stimulus type (e.g.,
congruent, incongruent, or word only). This blocked presentation
might make it easy for the processing system to focus on one type
of object structure and ignore the other during attention deployment.
If so, the overall object effect might not vary as a function of stimulus
type. In Experiment 3B, we used the same stimuli as Experiment 3A
but randomly mixed trials of different conditions. The potential stra-
tegic modulation of the object effect would be minimized in this situ-
ation and the contribution of each type of objects to attentional shift
and to the overall object effect would be more easily revealed. But be-
fore we report the results of these experiments, we first report the re-
sults of an experiment designed to replicate Li and Logan (2008).

2. Experiment 1

As described earlier, Li and Logan (2008) presented four Chinese
characters, forming two compound words, around a fixation point,
and cued one character with green color. Detection responses to the
target red color on a character were faster when this character and
the cue character formed a compound word than when they formed
a nonword. This lexical-based object effect, however, could be contin-
gent upon task demand as Li and Logan asked participants to decide,
in one fourth of the trials, which compound word (out of four) was
presented earlier in the visual display. As the authors suggested,
this explicit, intentional memory test might have made it necessary
to group the characters into words and to affect attentional selection.
By discarding this memory test, Experiment 1 could examine to what
extent the activation of lexical knowledge and its top-down guidance
on attentional selection are automatic.

2.1. Method

2.1.1. Participants
Twenty native speakers of Chinese from Peking University were

paid to participate in Experiment 1. All of them were right-handed
and had normal or corrected-to-normal vision.

2.1.2. Design and materials
Consistent with Li and Logan (2008), this experiment had a 4 (tar-

get location: upper left, upper right, lower left, lower right)×2 (word
orientation: horizontal, vertical)×3 (cue validity: valid, invalid same
word, invalid different words) within-subjects factorial design. Each
trial had four characters, forming two compoundwords, with the initial
characters of the compounds either at the top (for top-down presenta-
tions of compounds) or at the left (for left-right presentations of com-
pounds). There were 768 trials in total, with 640 critical trials having a
red color target and 128 catch trials without the target. For the critical
trials, there were 480 (75%) trials for valid cueing and 80 (12.5%) trials
for each of the two invalid conditions. These trials were randomly
mixed and were divided into 8 blocks of 96 trials each.

Each trial had a pair of Chinese two-character words, which had
characters differing both in orthographic and phonological forms.
We made an effort to make sure that the two words were not seman-
tically related. All the words were used only once, so the experiment
included 1536 words overall. The frequencies of these words were
from 18 to 860 per million words, with the average of 80 per million
(Cai & Brysbaert, 2010). Each character had 3 to 12 strokes in writing,
indicating that each character was of relatively low visual complexity.

2.1.3. Procedures
Stimuli were presented on a 21-in. CRT monitor (1024×768 reso-

lution; frame rate 100 Hz) controlled by a Dell PC. The font Song-24
was used, with one character subtending 0.8×0.8° of visual angle.
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The distance between the centers of two adjacent characters was 1.6°
of visual angle. The distance between the center of a character and the
fixation sign was 1.13° of visual angle. For the purpose of rejecting tri-
als on which participants looked away from the fixation cross, eye
movements were recorded (at a 2000 Hz sampling rate) using an
EyeLink 2K system. All the characters were shown in black against a
gray background. The fixation was a plus sign (+), subtending
0.1°×0.1° of visual angle.

Each trial began with the display of a stimulus set consisting of
four Chinese characters for 1500 ms (Fig. 1), followed by a plus sign,
in addition to the characters, at the center of the display for 300 ms.
Participants were asked to maintain fixation on the plus sign from
then on. One character turned green as a cue for 100 ms and turned
black after the cue for another 100 ms. After this SOA of 200 ms, a
character was colored in red and participants were asked to press a
button on a joystick as soon as they detected the presence of red
color, or to do nothing when no character turned red. After the button
press (or after 1500 ms when there was no response), the eye track-
ing system performed drift correction and the experimenter pressed
the space bar connected with the control computer to start the next
trial. A trial was aborted and a text line (“you moved your eyes”)
was shown on the screen for 1000 ms if participants did not maintain
fixation on the plus sign. A text line reading “incorrect response”
would be shown on the screen for 1000 ms when participants made
a false response to the catch trial or did not respond to the target
within 1500 ms. Participants underwent a training block of 48 trials
before being formally tested.

2.2. Results

2.2.1. Eye movements
Participants made eye movements (leaving fixation area, which

was 0.8×0.8° in visual angle) in 4.9% (ranging between 0.8% and
Fig. 1. Sequence of events in a single trial in Experiment 1. Four Chinese characters forming
participants were asked to press a response key when they detected the presence of a red
color target were on the same character. (B) An “invalid same word” trial: the cue characte
words” trial: the target was another character adjacent to the cue character, but these two ch
acters formed a compound word in the figure, but it did not exist in the actual experiment
11.1%) of all the trails. These trials were excluded from further analy-
sis. The percentage of excluded trials did not vary between
conditions.

2.2.2. Manual responses
The hit rate (for critical trials) and the false alarm rate (for catch

trials) were 99.9% and 4.6% respectively. Reaction times (RTs) shorter
than 150 ms were removed, accounting for 0.2% of the total critical
trials. RTs that were more than three standard deviations away from
the overall mean across conditions for that participant were also dis-
carded, accounting for another 1.3% of the critical trials.

A three-way repeated-measures analysis of variance (ANOVA)
was conducted on mean RTs, with target location, word orientation
and cue validity as three within-subjects factors. The only significant
effect was cue validity, F(2, 38)=17.34, pb0.001, ηp2=0.48, indicat-
ing that, collapsing over other conditions, RTs were faster for valid tri-
als (M=383 ms; SE=12 ms) than for “invalid same word” trials
(M=409 ms; SE=17 ms) and “invalid different words” trials
(M=418 ms; SE=17 ms). A planned test showed that the difference
of 9 ms between “invalid same word” and “invalid different words”
trials was significant, F(1, 19)=10.09, pb0.01, ηp2=0.35, demon-
strating a lexical-based object effect. No other effects or interactions
reached significance.

2.3. Discussion

Experiment 1, without a memory test, replicated Li and Logan
(2008), who obtained an 8-ms lexical-based object effect. Also consis-
tent with Li and Logan (2008), this experiment did not observe an in-
teraction between this effect and other variables, such as the target
location or the orientation of the compound words. Given that in
some of the conditions, the cue character was the second constituent
of a compound and the target character was the first constituent (for
two compound words (“we” and “economic” in the example) were presented, and the
color target after having seen a green color cue. (A) A valid trial: the color cue and the
r and the target character formed a compound word (“we”). (C) An “invalid different
aracters formed a nonword. Note that the white background indicates which two char-
. The background of display was completely in gray.
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the “invalid same word” condition), attentional shift was then from
the second character to the first character, inconsistent with the di-
rection of normal eye movement or attentional shift in reading. Nev-
ertheless, we did not observe a direction effect in responses to the
target. These results suggest that characters are truly (and possibly
automatically) organized into objects, due to top-down guidance
from the lexicon, and the functioning of this lexical-based object is
subsequently not influenced by lexical structure or reading habits,
at least when compound words are presented in isolation (as op-
posed to in a sentence) and their linguistic structure is task-
irrelevant.

3. Experiments 2A and 2B

Experiment 1 and Li and Logan (2008) demonstrated that atten-
tional selection can be based on objects defined in terms of lexical or-
ganizations, in a way similar to attentional selection based on objects
defined in terms of Gestalt principles (Egly et al., 1994). But what
happens to the overall object effect when the two types of objects
are manipulated jointly such that the two characters of a Chinese
compound word are presented either within a rectangle (such that
the lexically defined object is congruent with the geometrically de-
fined object) or in two different rectangles (such that the object
structures are incongruent)?

Ideally, the congruent and incongruent conditions should be in-
cluded in one single experiment. However, given that we needed to
compare the overall effect of the joint manipulation with the object
effect produced by compound words or rectangles alone and given
that a large number of trials were involved, we separated the congru-
ent and incongruent conditions into Experiments 2A and 2B, respec-
tively. We directly compared the object effects in the two
conditions in Experiments 3A and 3B.

3.1. Method

3.1.1. Participants
Forty-two undergraduate and graduate students from Peking Uni-

versity were tested, 21 for each experiment. They were right-handed
and had normal or corrected-to-normal vision. None of them had par-
ticipated in Experiment 1.

3.1.2. Design and materials
Experiment 2A had a 3 (stimulus type: compound only, congruent,

rectangle with nonwords)×3 (cue validity: valid, invalid same object,
invalid different objects) within-subjects factorial design. Experiment
2Bhad the same design except that for the stimulus type, the “incongru-
ent” condition replaced the “congruent” condition. The compound
wordswere either presented alone (Fig. 2A, for the compound only con-
dition), or within the rectangles (Fig. 2B, for the congruent condition),
or between rectangles (Fig. 2C, for the incongruent condition). Finally,
Fig. 2. The four types of stimuli used in Experiments 2A and 2B. (A) Compound only: only co
ing a compound were presented within a rectangle; the orientation of the words was identi
acters of a compound were presented separately in the two rectangles; the orientation of the
the example). (D) Rectangle with nonwords: the four characters could not form any compo
characters formed a compound word in the figure, but it did not exist in the actual experim
four characters that could not form compounds were presented in the
rectangles, forming the “rectangle with nonwords” condition (Fig. 2D).
Note that in this condition, each Chinese character is a meaningful
word or morpheme, but the cue and the target characters do not form
ameaningful compoundword and hence would not induce any lexical-
or perceptual-based object effect. Embedding characters forming non-
words within rectangles would make this condition an appropriate
baseline for the “congruent” or the “congruent” condition because the
conditions were visually the same, i.e., having both characters and the
rectangles. Cue validity was defined by the relative location between
the cue and target. For valid trials, the cue and target were on the
same character. For compound only, “invalid same object” means that
the target and the cue appeared on the two characters of the same
word whereas “invalid different objects” means that the target and
the cue appeared on two characters of different words. For the congru-
ent (Fig. 2B), “invalid same object” means that the target and the cue
appeared on the two characters of the samewordwhichwas embedded
in a rectangle whereas “invalid different objects”means that the target
and the cue appeared on two characters of different words, although
each word was embedded in a rectangle. For the incongruent
(Fig. 2C), “invalid same object” means that the target and the cue
appeared on the two characters of sameword, but these two characters
were in different rectangles, whereas “invalid different objects” means
that the target and the cue appeared on two characters of different
words and the characters of each word were in different rectangles. It
is clear that in the above definitions, “object” refers to the object defined
lexically, rather than perceptually. For the incongruent stimuli (Fig. 2C),
a “invalid same object” trial wouldmean that the cue (e.g.,我, /wo/) and
the target (e.g., 们, /men/) formed a compound word (meaning “we”)
but these two characters were actually presented in different rectan-
gles; a “invalid different objects” trial would mean that although the
cue (e.g., 我, /wo/) and the target (e.g., 经, /jing/) did not form a com-
pound word, they were actually presented in the same rectangle.

There were 888 trials in total for each experiment, with 768 criti-
cal trials having a red-colored target and 120 catch trials without the
target. For the critical trials, there were 384 (50%) valid trials and 192
trials (25%) for each of the two invalid conditions. All the trials were
divided into three groups (296 trials each) according to the stimulus
type and were randomly mixed within each group. Trials in each
group were then divided into 4 blocks of 74 trials each. Unlike Exper-
iment 1, we did not treat stimulus orientation (horizontal and verti-
cal) and cue location (upper left, upper right, lower left, lower
right) as experimental variables. However, these two factors were
all counter-balanced within each experimental condition.

Eight hundred and eighty-eight pairs of Chinese compound words
were selected and were divided into three sets, each set for one stim-
ulus type. This division was counter-balanced across participants,
such that one set of words for the “compound only” condition for
one participant would be the set for the “congruent” condition for an-
other participant. For the “rectangle with nonwords” condition, the
mpound words were presented, as Experiment 1. (B) Congruent: two characters form-
cal to that of the rectangles (horizontal in the example). (C) Incongruent: the two char-
words (horizontal in the example) was orthogonal to that of the rectangles (vertical in
und word in any direction. Note again that the white background indicates which two
ent.

image of Fig.�2
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characters forming the set of compounds were randomly combined to
form nonwords, with the restriction that the four characters for a
given trial were pronounced differently and were orthographically
different.

Frequencies of the compound words were from 16 to 860 per mil-
lion words, with an average of 77 per million. Each character had 3 to
12 strokes in writing, indicating that each character was of relatively
low visual complexity. The same sets of words were used for Experi-
ments 2A and 2B.

3.1.3. Procedures
The presentation of stimuli to participants in Experiment 2A or 2Bwas

arranged in blocks such that each participant received trials for one stim-
ulus type (4 blocks) and then another. The order of stimulus group was
counter-balanced across participants. For each trial, the presentation of
stimulus frames and the timing of each frame were the same as those
in Experiment 1, except that when a display had two rectangles, they
appeared simultaneously with characters and the outlines at one end of
the rectangle surrounding the cue or the target character were also
turned into green or red during the presentation of the cue or the target
color. The latter manipulation was essential because if we had only
highlighted characters, the rectangles could be treated as task-irrelevant
objects and might not play a role in constraining attentional shift (but
see the later discussion). When the two rectangles were shown, each
rectangle subtended 0.9° in width and 2.5° in length. The width of the
rectangle outlines was approximately 0.05° of visual angle.

3.2. Results

3.2.1. Eye movements
Participants made eye movements (leaving the fixation area,

which was 0.8×0.8° of visual angle) in 4.2% (ranging between 0.7
and 10.4%) of all the trails in Experiment 2A and in 5.5% (1.5–10.9%)
of the trails in Experiment 2B. These trials were excluded from further
analysis. The percentage of excluded trials did not vary between con-
ditions in either of the experiments.

3.2.2. Manual responses
The hit rate and the false alarm rate were 99.9% and 3.7% respec-

tively in Experiment 2A and were 99.9% and 4.6% respectively in Ex-
periment 2B. RTs shorter than 150 ms were removed, accounting for
0.04% and 0.2% of the total critical trials in Experiments 2A and 2B, re-
spectively. RTs that were more than three standard deviations away
from the grand mean for each participant were also discarded,
Fig. 3. Mean reaction times (RTs) in Experiments 2A and 2B, p
accounting for another 0.9% and 1.2% of the trials in Experiments 2A
and 2B, respectively. Mean RTs for different conditions are presented
in Fig. 3.

A two-way repeated-measures ANOVA was conducted for Experi-
ment 2A (and Experiment 2B), with stimulus type and cue validity as
two within-subjects factors. In Experiment 2A, there was a significant
main effect of stimulus type, F(2, 40)=5.40, pb0.01, ηp2=0.21, with
the RTs increasingly slower to the “rectangle with nonwords” trials
(400 ms), the “congruent” trials (416 ms) and the “compounds
only” trials (432 ms). The main effect of cue validity also was signifi-
cant, F(2, 40)=20.20, pb0.001, ηp2=0.50. Planned tests showed not
only a cue validity effect, with faster RTs for valid trials (M=402 ms;
SE=10ms) than for “invalid same object” trials (M=419 ms;
SE=13ms), F(1, 20)=13.63, pb0.005, ηp2=0.41, and than for “invalid
different object” trials (M=427 ms; SE=13ms), F(1, 20)=27.28, pb
0.001, ηp2=0.58, but also an object effect (8 ms) between the “invalid
same object” trials and the “invalid different objects” trials, F(1, 20)=
15.68, pb0.005, ηp2=0.44. The interaction between cue validity and
stimulus type was not significant, F(4, 80)=1.08, p=0.37, ηp2=0.05,
indicating that there was essentially the same amount of object effects
for the three types of stimuli.

The same pattern of effectswas also obtained for Experiment 2B. The
main effect of stimulus type was significant, F(2, 40)=7.08, pb0.005,
ηp2=0.26, with increasingly longer RTs to the “rectangle with non-
words” trials (413 ms), the “incongruent” trials (428 ms), and the
“compounds only” trials (442 ms). The main effect of cue validity was
also significant, F(2, 40)=19.54, pb0.001, ηp2=0.49. Planned tests indi-
cated that RTs were faster for valid trials (M=413 ms; SE=13 ms)
than for the “invalid same object” trials (M=433 ms; SE=16ms), F
(1, 20)=16.12, pb0.005, ηp2=0.45, and than for the “invalid different
objects” trials (M=438ms; SE=16 ms), F(1, 20)=24.11, pb0.001,
ηp2=0.55. Importantly, RTs were 5-ms faster for the “invalid same ob-
ject” trials than for the “invalid different objects” trials, F(1, 20)=8.37,
pb0.01, ηp2=0.30. The interaction between cue validity and stimulus
type did not reach significance, F(4, 80)=2.35, p=0.07, indicating
that the object effects were essentially of the same magnitudes for the
three types of stimuli.

3.3. Discussion

Both experiments found a stimulus type effect, with the overall
RTs being the fastest to the “rectangles with nonwords” trials and
the slowest to the “compound only” trials. This effect suggested that
detecting a target color is generally more difficult on a lexical-based
lotted as a function of stimulus types and cue condition.

image of Fig.�3
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object than on a perceptual-based object. Both experiments also
found an object effect, with faster responses to the “invalid same ob-
ject” trials than to the “invalid different objects” trials. Importantly, in
both experiments this object effect was of equivalent magnitude for
the three types of stimuli: it was all of equal size to the effect for com-
pound words presented alone.

The finding of object effects for all the types of stimuli suggests
that attention shift is more efficient within an object than between
objects, whether the object is defined in terms of lexical organization
or in terms of Gestalt principles. However, the finding of equivalent
effects for both the congruent and incongruent trials is perhaps sur-
prising, given that the lexical-based and perceptual-based objects
can independently produce effects during attention deployment. In-
tuitively, these effects should be able to cancel each other when
they are in conflict and should be added up when they are congruent.
A possible account for the overall pattern of the effects is that the cog-
nitive processes underlying the two types of object effects interact
with each other and this interaction does not produce an effect larger
or smaller than the effect produced by the lexically or perceptually
defined object alone.

An alternative account is that the processing system may rely on
one type of object structure to constrain attention deployment
while ignoring the other type. Thus for the “compound only” trials,
the lexically defined object guided attentional shift; for the “rectangle
with nonwords” trials, the perceptually defined object guided atten-
tional shift. For the “congruent” and “incongruent” trials, however,
it was the lexically rather than perceptually defined object that
played an upper hand in constraining attentional shift.

One might wonder why the system should or could ignore the
constraints from the rectangles, especially for the congruent trials.
Note that we were careful to color the end of the rectangle surround-
ing the cue or target character simultaneously and the representa-
tions for both the lexical object and the perceptual object should be
activated by the cue or the target. We suspect that the absence of
modulation by the congruency between the two types of objects
was due to the blocked presentation of different types of stimuli. In
blocked presentation, the system could actively keep the activated
lexical representations of compound words in working memory and
use them to guide subsequent attentional shift. However, lexical rep-
resentations and the rectangles were perceived as separate objects
even though they were activated simultaneously. Constraints from
the perceptual structure of the rectangles were strategically and ac-
tively suppressed during the shift of attentional focus from the cue
character to the target character. This suppression was relatively
easy given that in a test block the displays of characters and rectan-
gles were essentially the same across trials and the same strategy
can be applied to different trials.

If, however, different types of stimuli are randomlymixed, the sys-
tem may be less able to suppress the constraints of rectangles on at-
tentional shift and the overall object effect could be modulated by
the congruency between the two types of objects. This possibility
was tested in Experiment 3B.

4. Experiments 3A and 3B

In Experiments 2A and 2B, congruent trials and incongruent trials
were tested separately. In Experiment 3A, we included the two types
of stimuli in the same experiment to replicate the absence of congru-
ency modulation in blocked presentation. Experiment 3B used the
stimuli as Experiment 3A but with different types of stimuli randomly
mixed. If the absence of modulation by the congruency between the
two types of objects was indeed due to strategic adjustment of the
processing system in face of blocked presentation, mixing stimuli ran-
domly could effectively reduce the active suppression of the percep-
tual object, and the impact of congruency on the overall object
effect could then be revealed.
4.1. Method

4.1.1. Participants
Twenty graduate and undergraduate students from Peking Uni-

versity and 20 students from Shaanxi Normal University were tested
respectively for Experiments 3A and 3B. All of themwere right-handed
and had normal or corrected-to-normal vision. None of them had taken
part in the previous experiments.

4.1.2. Design and materials
In each experiment, a 2 (stimulus type: congruent, incongru-

ent)×3 (cue validity: valid, invalid same object, invalid different ob-
jects) within-subjects factorial design was used. The definitions of
stimulus type and cue validity were the same as in Experiments 2A
and 2B. The word pairs were taken from those used in Experiments
2A and 2B. The assignment of stimuli into the congruent and incon-
gruent conditions was counter-balanced over participants. There
were 592 trials in total, with 512 critical trials having a color target
and 80 catch trials without the target. For the critical trials, there
were 256 (50%) valid trials and 128 trials (25%) for each of the two in-
valid conditions. Half of the trials were for the congruent condition
and another half for the incongruent condition. The congruent and in-
congruent trials were presented in different blocks in Experiment 3A
and were counter-balanced in order over participants, with the valid,
“invalid same object”, and “invalid different objects” trials being ran-
domly mixed and being divided into 4 blocks of 74 trials each. In Ex-
periment 3B, the “congruent” and “incongruent” trials were randomly
mixed. Other aspects of stimulus preparation and experimental pro-
cedures were the same as in Experiments 2A and 2B.

4.2. Results

4.2.1. Eye movements
Participants made eye movements in 5.3% (ranging between 1.4

and 13.2%) of trails in Experiment 3A and in 7.1% (ranging between
1.0 and 13.2%) of trails in Experiment 3B. These trials were excluded
from further analysis. The percentage of excluded trials did not vary
between conditions.

4.2.2. Manual responses
The hit rate and the false alarm rate were 99.9% and 2.8% respec-

tively in Experiment 3A and were 99.9% and 3.9% respectively in Ex-
periment 3B. RTs shorter than 150 ms were removed, accounting for
0.06% of the critical trials in Experiment 3A and for 0.21% of the crit-
ical trials in Experiment 3B. RTs that were more than three standard
deviations away from the grand mean for each participant were also
discarded, accounting for another 1.2% of the critical trials in Experi-
ment 3A and 1.0% in Experiment 3B. Mean RTs for different conditions
are presented in Fig. 4.

A two-way repeated-measures ANOVA was conducted for RTs in
Experiment 3A, with stimulus type and cue validity as two within-
subjects factors. The main effect of stimulus type did not reach signif-
icance, F(1, 19)=1.28, p=0.27, ηp2=0.06, although it is clear on the
left panel of Fig. 4 that responses were generally faster (by about
10 ms) to the congruent stimuli than to the incongruent stimuli.
The main effect of cue validity was significant, F(2, 38)=10.71,
pb0.001, ηp2=0.36, with the mean RTs increasingly longer over the
valid (M=416 ms; SE=12 ms), “invalid same object” (M=425 ms;
SE=14ms), and “invalid different objects” (M=431 ms; SE=15ms)
conditions. Planned test showed not only the cue validity effect but
more importantly the object effect: the difference of 6 ms between “in-
valid same object” and “invalid different objects” trials was signifi-
cant, F(1, 19)=4.96, pb0.05, ηp2=0.21. The interaction between
cue validity and stimulus type was not significant, F(2, 38)=0.31,
p=0.74, ηp2=0.02, indicating that the object effect did not differ be-
tween the congruent and incongruent conditions.



Fig. 4. Mean reaction times (RTs) in Experiments 3A and 3B, plotted as a function of stimulus types and cue condition.
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A similar ANOVA for RTs in Experiment 3B did not find a signifi-
cant main effect of stimulus type, F(1,19)=0.73, p=0.40, ηp2=0.04.
However, it did find a significant main effect of cue validity, F(2,
38)=11.94, pb0.001, ηp2=0.39, with the mean RTs increasingly lon-
ger over the valid (M=379 ms; SE=10 ms), “invalid same object”
(M=391 ms; SE=12 ms), and “invalid different objects”
(M=393 ms; SE=12 ms) conditions. Planned test showed only the
cue validity effect but not the object effect: the difference of 2 ms be-
tween “invalid same object” and “invalid different objects” trials was
only approaching significance, F(1, 19)=3.10, p=0.09, ηp2=0.14.
Given that the interaction between cue validity and stimulus type
was significant, F(2, 38)=3.86, p=0.03, ηp2=0.17, further analyses
was conducted. The object effect reached significance for the congru-
ent trials (5 ms), F(1,19)=5.25, p=0.03, ηp2=0.22, but not for the
incongruent trials (−1 ms), F(1,19)=0.11, p=0.75, ηp2=0.01.

4.3. Discussion

Experiment 3A replicated the general findings in Experiment 2A
and 2B. Although the overall object effect was significant for both
congruent and incongruent trials, this effect was not modulated by
the congruency between the two types of objects. More importantly,
when different types of stimuli were randomly mixed in Experiment
3B, we did observe the modulation of the object effect by the congru-
ency: the object effect was present for the congruent trials but not for
the incongruent trials. Random presentation of different types of
stimuli might have prevented the participants from forming response
strategies that ignore or suppress the constraints of perceptual struc-
ture during attention deployment.

To consider how this happened, let's recall that we defined the
“invalid same object” and “invalid different object” trials according
to whether the cue and the target characters formed a compound
word. That is, the “object” here was lexically defined. For the congru-
ent trials (Fig. 2B), in the “invalid different object” condition, atten-
tion had to cross the perceptual boundary of the rectangles in order
to shift from a cue character (e.g., 我, /wo/) to the target character
(e.g., 经, /jing/). For the incongruent trials (Fig. 2C), however, atten-
tional shift could be actually facilitated by the perceptual structure
of the rectangles in the “invalid different object” condition. It is
clear from Fig. 3 (right panel) that responses in the “invalid different
object” condition were indeed faster (6 ms) for the incongruent trials
than for the congruent trials, t(19)=1.91, p=0.07. These faster re-
sponses could be the reason for the absence of an object effect for
the incongruent trials. Note that, this use of perceptual structure of
rectangles to guide attentional shift appeared to be suppressed in
blocked presentation of congruent and incongruent trials, as these tri-
als showed the same pattern of responses in Experiment 3A (also see
Experiments 2A and 2B).

5. General discussion

The present study investigated how attention deployment is joint-
ly affected by objects formed through top-down lexical organization
(the compoundwords) and objects formed through Gestalt principles
(the rectangles). Experiment 1 replicated Li and Logan (2008) by
showing that attentional shift between Chinese characters is influ-
enced by whether the two characters form a compound word. Exper-
iments 2A, 2B and 3A demonstrated that regardless of whether the
compound word was presented within a rectangle (the congruent
condition) or between rectangles (the incongruent condition), the
size of the object effect did not change significantly, as compared
with the effect based purely on lexical organization or with the effect
produced by rectangles containing characters forming nonwords.
With random presentation of different types of stimuli, Experiment
3B, however, found that the object effect could be affected by the con-
gruency between the two types of objects: the object effect was sig-
nificant for the congruent trials, but was completely absent for the
incongruent trials. This absence of the object effect seemed to be
due to faster responses in the “invalid different object” condition in
which the perceptual structure of the rectangles guided attentional
shift. Overall, these findings suggest that when lexical- and
perceptual-based objects are jointly manipulated, the processes that
constrain attention deployment over conjoined objects can be strate-
gically adjusted, depending on how different types of stimuli are
presented.

A simple account for the equivalent object effects across different
types of stimuli in Experiments 2A, 2B, and 3A assumes that in
blocked presentation of different types of stimuli, constraints of the
perceptual structure of rectangles on attention deployment are ac-
tively suppressed, even though the participants did process the per-
ceptual structure of the rectangles and this processing speeded up
the overall responses (see later discussion). Because of the block pre-
sentation of stimulus type and because the participants were allowed
to preview the visual display before the cue appeared in each trial, the
participants could focus attention more on objects formed through
lexical organization than on objects formed through Gestalt princi-
ples. That the color patch on the character was perceptually more sa-
lient than the color information on the outlines of one end of the

image of Fig.�4
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rectangle helped the system to focus on characters than on the out-
lines of rectangles. Moreover, the activated semantic representations
of compound words help to keep the visual structure (the layout) of
the compounds in working memory, guiding subsequent attentional
shift from the cue character to the target character. It is no wonder
that the processing system is predominantly influenced by con-
straints of the lexically defined object in shifting attentional focus:
the shift of attention was more efficient along characters forming a
compound (i.e., in the “invalid same object” condition) than along
the rectangle (i.e., in the “invalid different objects” condition), pro-
ducing faster responses to the color target in the former than in the
latter. Indeed, the functioning of the lexically defined object oversha-
dowed the potential impact of the perceptually defined object not
only when the object structures were incongruent but also when
they were congruent: even when the perceptual structure of the rect-
angles could help to facilitate attentional shift, the object effect was
still of the same magnitude as the effect for compound words alone
(Experiment 2A).

The suggestion that constraints from the perceptual structure of the
rectangles can be strategically suppressed during attentional shift was
further supported by the finding that in random presentation of differ-
ent types of stimuli, the object effectwasmodulated by the congruency
between the two types of objects. Here the strategy of suppressing con-
straints from the perceptual structure of the rectangles, which can be
formed relatively easily and can be applied to different trials in blocked
presentation, would be costly to be applied because the congruency be-
tween the two types of objects varied constantly over trials, even though
the participants could preview the arrays of characters and rectangles
before seeing the cue and the target (c.f., Fig. 1). Thus in random presen-
tation, the system is susceptible to the impact of constraints from both
lexically and perceptually defined objects during attentional shift from
the cue to the target. How the two types of constraints work together
is a question for further research.

In Experiments 2A and 2B, we also found that the overall RTs were
the slowest to characters forming compounds but presented alone,
the fastest to characters forming nonwords and presented in rectan-
gles, and intermediate to characters forming compounds and pre-
sented congruently or incongruently with the rectangles. We
suggest that this pattern of the overall RTs is mainly due to visual
structure of rectangles helping the processing system to group char-
acters into compounds. It is relatively difficult for the representations
of two compound words in the lexicon, activated by the four charac-
ters in a visual display, to be used in segmenting the four characters
into two objects and in guiding attentional shift on these objects.
However, when these words are accompanied by rectangles and
when different types of stimuli were blocked, participants could use
the rectangle as clue to the orientation of compound words. This in
turn would speed up attentional shift between characters in general.
Nevertheless, it should be noted that this use of visual information in
rectangles is workable only when different types of stimuli were pre-
sented in blocks.

In summary, by using the two-rectangle cueing paradigm (Egly et
al., 1994) and by presenting Chinese characters forming compounds
within or between rectangles, the present study demonstrated that
attentional shift between characters is constrained by top-down lex-
ical organization (Li & Logan, 2008) and that the processes underlying
the lexical- and perceptual-based object attention can be strategically
adjusted for the deployment of attention over conjoined objects.

Acknowledgements

This study was supported by grants from the Ministry of Science
and Technology of China (2010CB833904) and the Fundamental Re-
search Funds for the Central Universities to Xiaolin Zhou and by
grants from the Program for New Century Excellent Talents in
University (NCET-08-0801) and the Key Program of the 11th Five-
year Plan of National Education Science (DBA070070) to Yonghui
Wang. Electronic mail concerning this study should be addressed
to either Dr. Xiaolin Zhou, xz104@pku.edu.cn or to Dr. Yonghui
Wang, wyonghui@snnu.edu.cn.

References

Abrams, R. A., & Law, M. B. (2000). Object-based visual attention with endogenous
orienting. Perception & Psychophysics, 62, 818–833.

Arrington, C. M., Carr, T. H., Mayer, A. R., & Rao, S. M. (2000). Neural mechanisms of
visual attention: Object-based selection of a region in space. Journal of Cognitive
Neuroscience, 12, 106–117.

Baylis, G. C., & Driver, J. (1992). Visual parsing and response competition: The effect of
grouping factors. Perception & Psychophysics, 51, 145–162.

Baylis, G. C., & Driver, J. (1993). Visual attention and objects: Evidence for hierarchical
coding of location. Journal of Experimental Psychology. Human Perception and Perfor-
mance, 19, 451–470.

Behrmann, M., Zemel, R. S., & Mozer, M. C. (1998). Object-based attention and occlu-
sion: Evidence from normal participants and a computational model. Journal of
Experimental Psychology. Human Perception and Performance, 24, 1011–1036.

Cai, Q., & Brysbaert, M. (2010). SUBTLEX-CH: Chinese word and character frequencies
based on film subtitles. PloS One, 5, e10729.

Chen, L., & Zhou, X. (2011). Visual apparent motion can be modulated by task-
irrelevant lexical semantics. Attention, Perception, & Psychophysics, 73, 1010–1015.

Duncan, J. (1984). Selective attention and the organization of visual information. Jour-
nal of Experimental Psychology. General, 113, 501–517.

Egly, R., Driver, J., & Rafal, R. D. (1994). Shifting visual attention between objects and
locations: Evidence from normal and parietal lesion subjects. Journal of Experimen-
tal Psychology. General, 123, 161–177.

Eriksen, C. W., & St. James, J. D. (1986). Visual attention within and around the field of
focal attention: A zoom lens model. Perception & Psychophysics, 40, 225–240.

Eriksen, C. W., & Yeh, Y. Y. (1985). Allocation of attention in the visual field. Journal of
Experimental Psychology. Human Perception and Performance, 11, 583–597.

Kahneman, D., & Henik, A. (1981). Perceptual organization and attention. In M. Kubovy,
& J. R. Pomerantz (Eds.), Perceptual organization (pp. 181–211). Hillsdale, NJ:
Erlbaum.

Kliegl, R., Wei, P., Dambacher, M., Yan, M., & Zhou, X. (2011). Experimental effects and
individual differences in linear mixed models: Estimating the relationship between
spatial, object, and attraction effects in visual attention. Frontiers in Psychology, 1,
228, doi:10.3389/fpsyg.2010.00238.

Kramer, A. F., & Jacobson, A. (1991). Perceptual organization and focused attention: The
role of objects and proximity in visual processing. Perception & Psychophysics, 50,
267–284.

Lamy, D., & Egeth, H. (2002). Object-based selection: The role of attentional shifts. Per-
ception & Psychophysics, 64, 52–66.

Lamy, D., & Tsal, Y. (2000). Object feature, object locations, and object files: Which does
selective attention activated and when? Journal of Experimental Psychology. Human
Perception and Performance, 26, 1387–1400.

Li, X. S., & Logan, G. D. (2008). Object-based attention in Chinese readers of Chinese
words: Beyond Gestalt principles. Psychonomic Bulletin & Review, 15, 945–949.

Marrara, M. T., & Moore, C. M. (2003). The role of the directional cue in the two-
rectangles method of assessing object-based selection. Perception & Psychophysics,
65, 1103–1109.

McCarley, J. S., Kramer, A., & Peterson, M. S. (2002). Overt and covert object-based at-
tention. Psychonomic Bulletin & Review, 9, 751–758.

Moore, C. M., & Fulton, C. (2005). The spread of attention to hidden portions of occlud-
ed surfaces. Psychonomic Bulletin & Review, 12, 201–206.

Moore, C. M., Yantis, S., & Vaughan, B. (1998). Object-based visual selection: Evidence
from perceptual completion. Psychological Science, 9, 104–110.

Mortier, K., Donk, M., & Theeuwes, J. (2003). Attentional capture within and between
objects. Acta Psychologica, 113, 133–145.

Petersik, J. T., & Rice, C. M. (2006). The evolution of explanations of a perceptual phe-
nomenon: A case history using the Ternus effect. Perception, 35, 807–821.

Posner, M. I. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology,
32, 2–25.

Pratt, J., & Sekuler, A. B. (2001). The effects of occlusion and past experience on the al-
location of object-based attention. Psychonomic Bulletin & Review, 8, 721–727.

Scholl, B. (2001). Objects and attention: The state of the art. Cognition, 80, 1–46.
Shomstein, S., & Yantis, S. (2004). Configural and contextual prioritization in object-

based attention. Psychonomic Bulletin & Review, 11, 247–253.
Ternus, J. (1926). Experimentelle Untersuchungen über phänomenale Identität.

Psychologische Forschung, 7, 81–136.
Treisman, A., Kahneman, D., & Burkell, J. (1983). Perceptual objects and the cost of fil-

tering. Perception & Psychophysics, 33, 527–532.
Vecera, S. P., & Farah, M. J. (1994). Does attention select objects or locations? Journal of

Experimental Psychology. General, 123, 146–160.
Zhou, X., & Marslen-Wilson, W. D. (2009). Pseudohomophone effects in processing

Chinese compound words. Language and Cognitive Processes, 24, 1009–1038.
Zhou, X., Marslen-Wilson, W., Taft, M., & Shu, H. (1999). Morphology, orthography, and

phonology in reading Chinese. Language and Cognitive Processes, 14, 525–556.

http://dx.doi.org/10.3389/fpsyg.2010.00238

	Lexical- and perceptual-based object effects in the two-rectangle cueing paradigm
	1. Introduction
	2. Experiment 1
	2.1. Method
	2.1.1. Participants
	2.1.2. Design and materials
	2.1.3. Procedures

	2.2. Results
	2.2.1. Eye movements
	2.2.2. Manual responses

	2.3. Discussion

	3. Experiments 2A and 2B
	3.1. Method
	3.1.1. Participants
	3.1.2. Design and materials
	3.1.3. Procedures

	3.2. Results
	3.2.1. Eye movements
	3.2.2. Manual responses

	3.3. Discussion

	4. Experiments 3A and 3B
	4.1. Method
	4.1.1. Participants
	4.1.2. Design and materials

	4.2. Results
	4.2.1. Eye movements
	4.2.2. Manual responses

	4.3. Discussion

	5. General discussion
	Acknowledgements
	References


