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Analytic visual processing and holistic visual processing have been conceptualized in terms of attention to
focal objects vs. the background. We expand the study of perceptual biases associated with these attentional
patterns using the multiple object tracking task, which measures people's ability to track multiple moving
target objects amidst otherwise identical distractors. We test two competing hypotheses: (1) Asians' more
frequent eye saccades will enable them to quickly cycle through the multiple target objects before the objects
move too far away, giving them another perceptual advantage; and (2) European Americans' tendency to
focus attention on the focal objects while inhibiting attention to less important objects might facilitate
tracking of multiple moving objects. We find that European Americans significantly outperform Asians on
multiple object tracking. The research expands the conceptualization of analytic processing and holistic
processing to include selective attention as a key component, a facet that has not been previously identified.

© 2012 Elsevier Inc. All rights reserved.
Introduction

Over the past decade, psychologists have documented substantial
cultural variation in basic visual attention. An attentional pattern in
which perceivers devote more attention to focal objects than to back-
ground objects and do not perceptually bind focal objectswith the back-
ground is called analytic, and is common among people in European
American contexts. In contrast, an attentional pattern in which per-
ceivers distribute attention evenly to focal and background objects and
bind focal objects with the background is called holistic, and is common
among people in Asian contexts (Ji, Peng, & Nisbett, 2000; Kitayama,
Duffy, Kawamura, & Larsen, 2003; Masuda & Nisbett, 2001, 2006;
Miyamoto, Nisbett, &Masuda, 2006). Attentional differences are evident
even in basic eye movements—Americans make more eye fixations to
focal objects in a visual scene, whereas Asians make more eye saccades
to background objects (Chua, Boland, & Nisbett, 2005). The terms
analytic and holistic do not refer to causal latent constructs at the level
of the individual – performance on different tasks is often uncorrelated
across individuals (Na et al., 2010) – but instead are descriptive labels
that summarize the patterns of attention that are common within
particular cultural contexts (Borsboom, Mellenbergh, & van Heerden,
2003; Cervone, 2005).

The differences between Asians' and European Americans' atten-
tional styles can help explain cultural differences in some important
Graduate School of Business,
ork, NY 10027, USA. Fax: +1

rights reserved.
perceptual biases. For example, Asians have greater expertise at
detecting changes in a scene, and thus are less susceptible to change
blindness (Chua et al., 2005; Masuda & Nisbett, 2006; Miyamoto et
al., 2006). In the present research, we use another perceptual task –

one that involves dynamic selective attention – and ask whether
the holistic attention that is associated with better performance on
change detection will facilitate or impair performance on this task
requiring selective attention.

Multiple object tracking is a task that measures people's ability to
track moving target objects amidst otherwise identical distractors
(Pylyshyn, 1989, 1994; Pylyshyn & Storm, 1988). This task has been
extensively used to investigate dynamic object-based visual attention
(Cavanagh & Alvarez, 2005). In a typical multiple object tracking task,
participants are shown a number of identical objects that are moving
around in a two-dimensional space, and are asked to track some
number of those objects for a certain duration. While the number of
objects that people can successfully track varies with many parame-
ters, such as the spatial separation between targets (Franconeri,
Jonathan, & Scimeca, 2010), research suggests that people's tracking
capacity likely follows a narrow normal distribution with a mean of
about four objects (Oksama & Hyönä, 2004).

Although multiple object tracking is conceptualized as a basic
visual–attentional process, research suggests that people's tracking
skill is influenced by experience. For example, Allen, McGeorge,
Pearson, and Milne (2004) found that radar operators, that is, people
who use “radar to monitor, control and supervise aircraft,” and thus
“are required to keep track of multiple objects moving in many differ-
ent directions” (Allen et al., 2004, 337), performed better on multiple
object tracking than undergraduate students. Further, Green and
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Bavelier (2006) found that training individuals to play action video
games increased their multiple object tracking skills. That women
perform less well on multiple object tracking skills compared to
men can be explained, in part, by women's relative lack of action
video game experience (Feng, Spence, & Pratt, 2007). Given that
the cultural context – the social and physical environment that peo-
ple inhabit – shapes people's experiences continuously, we tested
whether there might be cultural differences in performance on mul-
tiple object tracking.

Previous research affords contrasting predictions about whether
the analytic or the holistic pattern of attention would be associated
with an advantage in multiple object tracking. Proposing a serial pro-
cessing model, Oksama and Hyönä (2008) provided evidence that
people keep track of target objects by sequentially cycling attention
from one target object to another, while storing the identity–location
associations of the non-attended target objects in an episodicmemory
buffer. Further, Zelinsky and Neider (2008) found that when tracking
more than two objects, people sequentially switch gaze from one tar-
get object to another, and the speed of gaze switching is correlated
with tracking accuracy. Therefore, the tendency to make more eye
saccades to different objects in the visual field (Chua et al., 2005)
might enable Asians to quickly cycle through the target objects before
the objects move too far away, giving Asians an advantage in tracking
moving targets compared to European Americans.

Alternatively, if European Americans selectively focus attention on
more important objects, then they might be likely to perform better
than Asians on multiple object tracking. Previous research has found
that enhanced attention to target objects and inhibited attention to
distractors lead to superior performance on multiple object tracking
(Bettencourt & Somers, 2009; Pylyshyn, 2006). For example, Doran
and Hoffman (2010, Experiments 1 and 3) asked participants to do
a standard multiple object tracking task, but at random intervals, a
flash was presented either on a target, on a distractor, or in the
empty space. They measured brain event-related potential during
the task and found that the N1 component (an indicator of allocation
of visual attention) was enhanced for flashes that occurred on targets
and was suppressed for those that occurred on distractors. These
findings indicate that multiple object tracking involves selectively
focusing on target objects while suppressing distractors. If European
Americans engage in selective attention to a greater extent than
Asians, then they might be more effective than Asians at tracking
multiple moving objects. We tested these two competing predictions
in the present study.

Method

Participants

Participants were 35 European Americans (25 women, 10 men)
and 30 international Asians (13 women, 17 men) studying at Stanford
Fig. 1. Sequence of events in the multiple object tracking task. All circles are colored gray and
iment). Some circles are then colored blue (indicated by shaded circles in t=2). The circles th
circles stopmoving and one of the circles is coloredwhite (indicated by the arrowat t=4). Parti
(Adapted from Pylyshyn, 2004, p.802.)
University. Asian students had grown up in India, Pakistan, Sri Lanka,
or Nepal.

Procedure

Our multiple object tracking task was closely based upon that of
Dye and Bavelier (2010, Experiment 3). Participants were positioned
on a chin rest 60 cm from a 21-inch Apple Macintosh computer
screen. The experiment was administered using MATLAB v7.6 using
the Pyschophysics Toolbox. Each trial began with 16 circles (each
subtending .4° visual angle) in a circular dark gray background (sub-
tending 10° visual angle from its center). Participants had to press
a key to begin a trial. At this point, some of the circles were cued
(colored blue) while the rest stayed gray. The circles then began
moving randomly in the horizontal–vertical plane at a speed of 5°/s.
Participants were instructed to attend to the blue circles. After 2 s,
the blue circles changed to gray, leaving all 16 circles indistinguish-
able. The circles never touched each other or overlapped one another,
repelled one another before contact, and were repelled by the outer
edges of the background and by the center fixation circle. Participants
had to track the target circles for 5 s, at which point all circles stopped
moving. At this point, either one of the target circles or one of the dis-
tractor circles (with equal probability) turned white, and participants
had to indicate whether the probed circle was a target or a distractor
(see Fig. 1 for an illustration of the task timeline, taken from Pylyshyn,
2004, p.802).

The progression of trials was determined by an adaptive algorithm
designed to converge on participants' attentional capacity (as in Dye
& Bavelier, 2010, Experiment 3). Only one circle was cued on the
first trial. If participants responded correctly on three consecutive
trials, the number of cued circles was increased by one (up to a max-
imum of 8 targets). The number of cued circles was reduced by one
if participants responded incorrectly on any trial (up to a minimum
of 1 target). The task ended either after 50 trials or if participants
made 8 correct–incorrect reversals, whichever occurred earlier.

Results

We computed participants' multiple object tracking score by
averaging the number of cued circles on the last 10 correct trials (as
in Dye & Bavelier, 2010, Experiment 3). A t-test found that Americans
successfully tracked more objects on average than Asians, t(63)=
2.71, pb .01, Cohen's d=.68; for Americans, M=4.22, SD=1.21; for
Indians,M=3.50, SD=.86. We next conducted an ANCOVA that tested
whether this cultural difference is robust after controlling for a number
of factors that have been previously shown to influence attentional
capacity: gender (Feng et al., 2007), field of study (humanities/social
sciences=−1; undecided=0; science/engineering=1; Towle et al.,
2005), and number of hours of action video games per week played
in the past year (Green & Bavelier, 2006). Neither gender, F(1, 60)=
stationary (t=1; note that number of circles in figure differs from number used in exper-
en start moving and after 2 s, the blue circles change to gray (t=3). After another 5 s, the
cipants indicatewhether the probe circlewas one of the circles initially colored blue or not.



Fig. 2. Multiple object tracking score (adjusted marginal means) by culture. Error bars
depict standard error of the mean.
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0.23, p>.63, nor major, F(1, 60)=1.14, p>.29, nor action videogame
history, F(1, 60)=.01, p>.92, was a significant predictor. Notably,
culture was a significant predictor even after controlling for these vari-
ables, F(1, 60)=9.11, pb .005, adjusted marginal means=4.32 vs. 3.39
(see Fig. 2). An additional ANCOVA indicated that culture did not
interact with gender, action video game history, or field of study, inter-
action p's>.14.

Discussion

We found that European Americans could track 28% more moving
objects, or about one more moving object, than Asians, documenting
substantial cultural variation in multiple object tracking. Apparently,
Asians' superior performance on change detection does not reflect
generally enhanced attentional skills. Instead, superior performance
at change detection comes at the expense of an ability to distinguish
more goal-relevant objects from less goal-relevant objects, even in
the absence of a significant background. This finding of superior per-
formance by European Americans suggests that the concept of analytic
processing includes an enhanced capacity for selective attention—
focusing attention on designated focal objects without being dis-
tracted by less relevant focal objects.

Previous theorizing has primarily distinguished analytic attention
and holistic attention on the basis of attention to focal objects or the
background (Nisbett &Masuda, 2003; Nisbett &Miyamoto, 2005). How-
ever, the contrast between Asians' enhanced performance on change
detection but impaired performance on multiple object tracking sug-
gests another important dimension that can be used to distinguish ana-
lytical and holistic processing: the dispersion of attention betweenmore
vs. less goal-relevant objects. Asians focus attention both on more and
less relevant objects, leading to reduced change blindness but to worse
multiple object tracking, whereas European Americans focus attention
onmore relevant objects instead of less relevant ones, leading to greater
change blindness (as the background is usually less relevant) but better
multiple object tracking (as they can better distinguish more vs. less
relevant focal objects).

Future research could also examine environmental factors that
differentially shape people's multiple object tracking skills in dif-
ferent cultures. For example, Miyamoto et al. (2006) found that
compared to American physical environments, Japanese physical
environments contain more objects and have objects that are closer
together and harder to distinguish from each other. In an experiment,
the researchers found that participants (both American and Asian)
who viewed a large number of Japanese scenes showed reduced
change blindness compared to those who viewed a large number of
American scenes. The researchers concluded that densely packed
Japanese environments broaden the span of people's visual attention.

Similarly, it is likely that the greater unpredictability of the
movement of physical objects in many Asian environments might
play a role in a person's relatively poor multiple object tracking skills.
For example, in many densely populated Asian cities, road traffic is
highly disorganized, with many cars, motorcycles, scooters, bicycles,
people, and in some cases, even animals, often moving in relatively
unpredictable directions, and even suddenly commencing or ceasing
motion (e.g., Yang, Deng, Wang, Li, & Wang, 2006). Successful naviga-
tion in such environments might require broadly distributed attention
that can quickly assess movements of many different objects in the
visual field. However, this same pattern of attention might be a handi-
cap when tracking a few moving objects while ignoring others. In con-
trast, an environment with more predictability would allow people to
focus on the goal-relevant target objects while ignoring distractors.
Future research might test whether the length of time immigrants
spend in Asia or in the U.S. influences theirmultiple object tracking abil-
ity. Further, using virtual reality techniques, participantsmight be asked
to simulate navigation in Asian or American cities and then adminis-
tered the test of multiple object tracking. An intriguing question then
arises: Might the unpredictability of the social environment, not just
the physical environment, also shape multiple object tracking?

Of course, these cultural differences in visual attention are not fixed
or essential—they likely reflect expertise gained through habitual
experience with one type of processing over another. Making sense
of any event or scene is likely to involve both types of processing,
depending on what constructs are accessible in memory or what type
of attention is demanded by the context (Oyserman, Sorensen, Reber,
& Chen, 2009).

Cultural experience seems tomake people in Asian cultural contexts
and Western cultural contexts better at different tasks related to
perceiving the world—Holistic processing is associated with reduced
change blindness but also impaired object tracking, whereas analytical
processing is associated with increased change blindness but also
superior object tracking. Holistic processing may be an outgrowth of a
cultural perspective that holds that all objects in the field are interde-
pendent and can have an influence on each other. Holistic processing
then operates from a logic of inclusion and fosters an expertise in seeing
relations among objects. Analytic processing, in contrast, is a likely cor-
relate of a cultural perspective that holds that objects in the field are
independent and can be separated from one another. This type of pro-
cessing operates on the logic of exclusion and creates an expertise in
rejecting some objects as not relevant. For example, Asians' reduced
ability to focus on target objects while ignoring targets that are not
immediately goal-relevant might make them slower in contributing to
a discussion because of relatively greater difficulty in deciding what is
a relevant point and what is a distracting issue (Kim & Markus, 2002).
Similarly, this tendencymight explain cultural differences in the extent
to which people's judgments of a target person's emotional expression
are influenced by the emotions of other people in their surroundings
(Masuda et al., 2008). In the domain of online social networks, Asians
might be more distracted by information about friends of one's friends,
whereas European Americans might be more focused in tracking infor-
mation about important others.

The finding that European Americans are better than Asians at
tracking goal-relevant objects might reflect broader cultural differences
in processing information based on the individuals' own goals, prefer-
ences, and beliefs. Perhaps European Americans are better skilled at fo-
cusing on information of personal relevance, whereas Asians distribute
attention across both personally relevant and non-relevant information.
Future research could test whether cultural differences in attention to
goal-relevant objects generalize beyond visual attention to the social
domain. Overall, these newly identified cultural differences in attention
to more vs. less goal-relevant objects may be useful mechanisms for
explaining a variety of powerful cultural influences on social behavior.
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