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Abstract East Asians and Westerners differ in various as-
pects of perception and cognition. For example, visual mem-
ory for East Asians is believed to be more influenced by the
contextual aspects of a scene than is the case for Westerners
(Masuda & Nisbett in Journal of Personality and Social
Psychology, 81, 922-934, 2001). There are also differences
in visual search: For Westerners, search is faster for a long line
among short ones than for a short line among long ones,
whereas this difference does not appear to hold for East
Asians (Ueda et al., 2016). However, it is unclear how these
group-level differences originate. To investigate the extent to
which they depend upon environment, we tested visual search
and visual memory in East Asian immigrants who had lived in
Canada for different amounts of time. Recent immigrants were
found to exhibit no search asymmetry, unlike Westerners who
had spent their lives in Canada. However, immigrants who
had lived in Canada for more than 2 years showed perfor-
mance comparable to that of Westerners. These differences
could not be explained by the general analytic/holistic pro-
cessing distinction believed to differentiate Westerners and
East Asians, since all observers showed a strong holistic ten-
dency for visual recognition. The results instead support the
suggestion that exposure to a new environment can signifi-
cantly affect the particular processes used to perceive a given
stimulus.
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It has long been recognized that individuals from different
cultures can vary in how they make sense of the world. But
because all humans share much the same neural hardware, it
has usually been assumed that basic perceptual and cognitive
processes are largely the same, with cultural differences man-
ifesting primarily in high-level knowledge and beliefs.
However, cultural psychologists have recently started
questioning the assumption of a “universal architecture,” ar-
guing that culture may affect not only our interpretation of the
world, but also our perceptual and cognitive modes—that is,
the ways that we process information. According to this view,
differences in cultural background could well result in consid-
erable differences in people’s basic experiences of the world
itself (Miyamoto & Wilken, 2013; Norenzayan, Choi, &
Peng, 2007).

In this study we investigated how perceptual mode can be
affected by the environmental contexts of individuals, includ-
ing their patterns of interactions with others, their physical
surroundings, and the forms of written language they use. In
particular, we examined malleability—that is, whether, having
acquired one mode, it is possible to change it or acquire others.
Our results support the proposal that the perceptual modes
used by observers are determined at least in part by their
environments. Moreover, when an observer moves to a new
environment, new modes can be deployed for at least some
perceptual processes, even as an adult.

Cultural influences on perception and cognition

The influence of culture on perception and cognition was dis-
covered over a century ago, in studies showing that the
strength of several visual illusions depended on the cultural
background of the observer (see, e.g., M. Nisbett & Masuda,
2003; R. E. Nisbett, Peng, Choi, & Norenzayan, 2001). Over
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time, such differences were also encountered in higher-level
aspects of cognition; for example, cultural background was
discovered to influence psychological constructs such as
self-esteem (Markus & Kitayama, 1991). Later work showed
that it could also influence self-construal (Heine, 2005), ori-
entation toward others (Heine, Takemoto, Moskalenko,
Lasaleta, & Henrich, 2008), and the manifestation of stable
personality traits such as extroversion and introversion (Allik
& McCrae, 2004).

R. Nisbett (2003) argued that many of these differences
could be explained by factors that were relatively general.
One was an emphasis by Westerners on units in isolation from
context, reflecting an analytic mode, which focuses on the
extraction and manipulation of key items. East Asians, in con-
trast, appeared to prefer a holistic mode, which emphasizes
relationships to other units and to overall context, placing
greater emphasis on the “big picture.” Thus, for example,
Westerners are often thought to be better than East Asians at
recognizing objects that reappear with a background other
than the one originally present (Masuda & Nisbett, 2001); in
contrast, East Asians are often believed to be better at tasks in
which a holistic approach would be more suitable, such as
recalling contextual information about the background in an
image.

These differences also appear in the allocation of visual
attention. For example, Boduroglu, Shah, and Nisbett
(2009) compared the abilities of East Asians and
Westerners (Americans) to detect a change in the color of
a square in two successively presented arrays, with the
second appearance of the array being a simple expansion
or contraction of the first. East Asians were better than
Westerners at detecting changes when the second display
was an expansion, but worse when it was a contraction.
They were also relatively poor at detecting changes in the
center of the display. This suggested that East Asians have
a mode of attentional allocation in which spatial extent is
relatively broad (Boduroglu et al., 2009). A similar pattern
was found in the perception of Navon figures, which con-
tain structure at both the local and global levels; here, East
Asians were more sensitive to global structure than were
Westerners (McKone et al., 2010). This tendency is evident
even in early childhood (Imada, Carlson, & Itakura, 2013).
Moreover, it also appears to mediate other differences be-
tween East Asians and Westerners, such as the ability to
shift set in executive functions (Imada et al., 2013).
Interestingly, the Himba (a nomadic people in rural
Namibia) have an attentional focus even narrower than that
of Westerners, and are relatively unaffected by irrelevant
items located just outside the area needed for the task (de
Fockert, Caparos, Linnell, & Davidoff, 2011). Differences
of this kind have also begun to receive support from neu-
roimaging studies (Hedden, Ketay, Aron, Markus, &
Gabrieli, 2008; Park & Huang, 2010).
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Cultural influences have even shown up in visual search, in
which observers must determine as quickly as possible wheth-
er a unique target item is present among a set of nontarget (or
distractor) items in a given display. The search rate (time
needed per element) is believed to reflect the speed of an
attentional “spotlight” that travels from item to item, binding
together the shape elements (or visual features) of each item
into something more coherent (see, e.g., Treisman & Gelade,
1980; Wolfe, 1994). For many conditions, Westerners show a
strong search asymmetry: Search for a long line among short
ones, for example, is faster than search the other way around
(Treisman & Gormican, 1988). East Asians, in contrast, ex-
hibit no asymmetry for these stimuli (Ueda et al., 2016).

Underlying factors

The effects of culture described above raise an immediate
question: What is their cause? Individuals from different cul-
tures differ in many ways—for example, speaking different
languages, living in different urban or rural geographies, and
encountering different styles of art. These differences also
include the unique norms, histories, traditions, social customs,
patterns of interactions, and writing systems that differentiate
cultures, not to mention possible effects of genetic structure.
All of these factors (and more) are potentially relevant with
regard to perceptual mode.

How might we categorize the possible factors involved? A
first step is to separate factors extrinsic to the observer (e.g.,
environmental factors) from those that are intrinsic (e.g., ge-
netic structure). Subdividing the environmental factors, a rel-
atively natural division is via the particular aspects involved:
the natural environment (e.g., weather, geographic features),
the artifactual environment (e.g., typical architecture, density
of urban areas), and the cultural environment (including both
spoken and written forms of the language used). Another per-
spective would be the visual aspects of all these, which con-
stitute the visual environment.

The effects of cultural environment have already received a
degree of attention. A well-known example is the Sapir—
Whorf hypothesis, which posits that a given language can
restrict or encourage the expression of various cognitive and
emotional processes (see, e.g., Heine, 2008). The strongest
version of this hypothesis—that language determines what
we think—has been challenged by studies on the Dani tribe
of New Guinea, who had no difficulties learning the English
words for many colors, despite having only two words for
color in their own language (Boroditsky, 2001). But a weaker
form of this hypothesis—that language can influence Zow we
think and perceive the world—still remains viable
(Boroditsky, 2001).

Evidence also suggests that perceptual mode can be influ-
enced by visual environment. For example, East Asians tend to
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have saccades of smaller size and fixations of shorter duration
than Westerners, possibly indicating a more holistic mode that
reflects the visual structure of their surroundings (Rayner, Li,
Williams, Cave, & Well, 2007). This is consistent with the find-
ing that the Himba, who live in a desert relatively devoid of
clutter, exhibit a perceptual mode even more analytical than that
of Westerners (Caparos et al., 2012; de Fockert et al., 2011).

An interesting question in this regard is whether perceptual
mode could change in response to changes in the visual envi-
ronment. There is some evidence in favor of this possibility.
Miyamoto, Nisbett, and Masuda (2006) measured the informa-
tion search performance of Japanese and American participants
who viewed images of American and Japanese cities of com-
parable sizes and population densities. All observers adopted a
holistic search pattern when viewing images of Japanese cities,
but an analytic search pattern when viewing American cities
(Miyamoto et al., 2006). Miyamoto et al. argued that when the
visual environment is chaotic and ambiguous (an environment
commonly encountered in many East Asian countries), a holis-
tic mode tends to be more useful, whereas when the visual
environment is more orderly and predictable (a situation typical
of urban areas in North America), an analytic mode is better. A
similar cross-cultural variation exists in the susceptibility of
observers to the Miiller-Lyer illusion, likely for similar reasons
(McCauley & Henrich, 2006).

Acculturation

To determine the extent to which the development or deploy-
ment of different perceptual modes is affected by the environ-
ment, a useful perspective is the behavior of individuals who
migrate to a country with a different culture. Such individuals
typically undergo a process of acculturation, a set of changes
on various psychological dimensions caused by the move
from their original (heritage) culture to a new (hosf) culture
(Heine, 2008). If environmental factors continue to influence
the development or deployment of perceptual modes over
their lifespan, and if genetic factors are relatively weak, the
perceptual experience of such individuals might change no-
ticeably in response to their new environment, even for the
same stimuli.’

Although acculturation is not completely understood, cul-
tural psychologists have mapped out several of its compo-
nents. For example, Heine and Lehman (2004) investigated
the self-esteem of adult Japanese and American immigrants.
American culture promotes a strong sense of self and high
self-esteem, whereas Japanese culture encourages conformity
to group norms and critical self-reflection. Within 1 year of

! It may be worth emphasizing that this issue differs from that studied by
Miyamoto et al. (2006), who focused on the perceptual modes used for
different kinds of stimuli.

arrival in their host environment, Japanese immigrants devel-
oped a level of self-esteem similar to that of Americans,
whereas the self-esteem of American immigrants became
more like that of the Japanese, suggesting that self-esteem
can change with cultural environment, even for adults. It also
suggests that the basis of this change is largely independent of
factors such as personality and social situation.

Changes induced by acculturation are not limited to high-
level constructs. Kitayama, Duffy, Kawamura, and Larsen
(2003) compared East Asians and Americans on the framed-
line test. Here, participants were shown a line within a frame
and then asked to draw it in a new, blank frame; the line could
have either the same length as the original (absolute) or the
same ratio (relative). As compared to East Asians, Americans
performed better on the absolute task and worse on the relative
one; East Asians showed the opposite pattern (see also Ji,
Peng, & Nisbett, 2000). However, Japanese who had been in
the United States for less than four months and Americans in
Japan for a similar amount of time performed much like indi-
viduals in their host culture (Kitayama et al., 2003). Similarly,
Himba who migrated to (Westernized) urban areas eventually
developed a more holistic perceptual mode, with some mani-
festations of this (e.g., experiencing the Ebbinghaus illusion)
attaining a strength comparable to that among Westerners
(Caparos et al., 2012).

Scope of the study

The results above suggest that the perceptual mode used by an
individual depends at least in part on their environment, and
may under some circumstances change in response to a new
one. In what follows, we investigated the extent to which this
is true of visual attention and visual memory.

To maximize the connection with previous work, we fo-
cused on East Asian immigrants who have lived in a Western
country (Canada) for different amounts of time. We also used
two perceptual tasks in which cultural differences have been
found, but that involve stimuli with minimal culture-specific
meaning. To examine visual attention, we used visual search,
in which an observer must detect as quickly as possible the
presence of a given farget item (a unique color or shape, say)
among a set of nontargets, or distractors. For some tasks,
Westerners show a strong asymmetry (e.g., search for a long
line among short lines is faster than for short among long),
whereas East Asians exhibit no such asymmetry (Ueda et al.,
2016). To examine visual memory, we used object
recognition, which tests visual long-term memory for images
of objects in particular backgrounds. East Asians have been
reported as being worse than Westerners at recognizing ob-
jects that reappear in a background that is different from the
original one, while being better at recalling properties of the
background itself, perhaps because of a greater reliance on the
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holistic mode (Masuda & Nisbett, 2001). These tasks can let
us determine the extent to which the two groups of observers
differ in their general analytic/holistic processing strategies,
and the extent to which these differences correlate in different
perceptual processes.

General method

Each observer was given two tasks—visual search and object
recognition—that were intended to assess the modes used for
visual attention and long-term visual memory, respectively.
For both tasks, the monitor screen had a visual angle of 24°
vertically x 32° horizontally, with a refresh rate of 112 Hz.
Participants were seated 57 cm from the screen. Before pro-
viding data for any task, participants completed a set of prac-
tice trials identical to those used in the experiment, with these
continuing until error rates were below 5 %. The order of the
tasks was counterbalanced. To reduce interference between
the tasks, participants took a 10-min break between them,
during which they filled out a brief form.

After completing both tasks, observers were given
two questionnaires: one about the individual’s cultural
attitudes (see Appendix A) and the other about more
detailed demographic information (see Appendix B).
These were given at the end of the experiments, to
avoid priming any potential culture-specific responses.
The demographic questionnaire probed factual informa-
tion (e.g., birth country, first language), whereas the
acculturation test assessed subjective attitudes. Because
the latter appeared more susceptible to bias, participants
completed the acculturation questionnaire first.

The instructions for the tasks and questionnaires were al-
ways in written form. For some observers, these were in
English; for others, these were in their native (heritage) lan-
guage, either Japanese® or Chinese. The language of instruc-
tion was not randomly assigned (as we describe in detail be-
low). The instructions and questionnaires in non-English lan-
guages were back-translated by two research assistants fluent
in both English and the heritage language. The instructions for
the visual search task were printed on paper; the instructions
for the object recognition task were shown onscreen. The en-
tire experiment lasted about 1 h, and participants were paid ten
Canadian dollars for their time.

Participants

Three groups of participants were recruited. Group R consisted
of East Asians who had recently arrived in Canada—that is,

2 This was in standard Japanese writing, a mixture of hiragana, katakana,
and kanji scripts.
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within the past 2 years.> Members of this group were required
to have been born in China or Japan, with all parents and
grandparents being Chinese or Japanese, and not to have trav-
eled outside their home country for longer than four weeks at a
time prior to immigrating. This group contained 46 people
whose average age was 21.4 years.

Roughly half (n = 19, average age = 20.2 years; 13 females,
six males) of Group R was recruited from an on-campus
Japanese exchange program. These participants were unable
to read English, and so were administered instructions in
Japanese. The remaining participants (n = 27, average age =
20.6 years; 16 female, ten male) were recruited from an on-
campus guest house for international students; they under-
stood and were administered English instructions. Because
of possible differences due to the different languages of in-
struction (Ji, Zhang, & Nisbett, 2004), we split Group R into
two subgroups: R-h, whose participants received Japanese
(heritage) instructions, and R-e, whose participants received
English ones. Apart from the language of instruction and av-
erage time in Canada (1.8 months vs. 1-24 months), Groups
R-e and R-h fit the same criteria.

A second group (Group W) was formed of Caucasians who
had been born and raised in Canada, had never become fluent
in a language other than English, whose parents and grand-
parents were Caucasian and had been born in Canada, and
who had never traveled outside Canada for more than four
weeks at a time. This group was considered the Western coun-
terpart of Group R. It contained 30 people whose average age
was 21.7 years, with eight females and 15 males (seven of the
participants did not record their gender).

To examine the effects of acculturation, a final group of
participants (Group L) was formed of East Asians who had
lived in Canada for a relatively long time—2 years or more.
As in the case of Group R, the members of this group were
required to have been born in China or Japan, with all parents
and grandparents being Chinese or Japanese. The amount of
time these individuals had lived in Canada ranged from 29 to
312 months, with an average of 160 months. This group
consisted of 88 people. As in the case of Group R, these were
split into two subgroups. Most participants (rz = 60; 35 female,
22 male, and three who did not record their gender) were
given instructions in English; these formed group L-e, a coun-
terpart to group R-e. Another group of long-time immigrants
(all Chinese) were given instructions in written Chinese. This
group, L-h, had 28 people (20 female, four male, and four who
did not record their gender).

Note that the language of instruction was not randomly
assigned, but was determined by the competencies of the

3 Although some acculturation effects take as little as 4 months to appear,
others may take up to 2 years (Heine, 2008). We therefore believed that
these observers would likely perform similarly to East Asians in their
heritage environment.
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participants: For example, Group L-h was formed from long-
term immigrants who could read their heritage language,
whereas L-e was formed without regard to participants’ com-
petencies in their heritage language. The lack of Chinese im-
migrants in Group R-h created a similar situation. Owing to
the existence of these potentially confounding factors, any
substantial differences between the -h and -e groups can only
be suggestive with regard to underlying causes.

All participants were recruited online from the University
of British Columbia student population, except for the 19
participants of Group R-h, who were contacted via personal
e-mail.

Visual search

This task was generated using the VSearch software (Enns,
Ochs, & Rensink, 1990). Observers were given two search
conditions: a long among short items, and a short among long
items. The target was present on a randomly selected half of
the trials in each condition. We replicated the setup of Ueda
et al. (2016), who followed a relatively common design. In it,
observers viewed displays consisting of an array of three, six,
or 12 items, with density kept constant. Each item was a white
line, with short lines being of length 0.8° and long lines of
length 1.0°. These were displayed on a black background,
with the maximal extent of the array of items being 6.0° x
5.0° (Fig. 1).

Each search task consisted of 300 trials: 150 in the long-
target condition, and 150 in the short-target condition. These
were blocked and their order counterbalanced. Each task was
split into five blocks of 30 trials each, with participants being
given an opportunity to rest between blocks. Participants were
given written instructions, and then sets of practice trials
consisting of 25 trials each. They were administered practice
sets until the error rates were less than 5 %; participants typ-
ically achieved this on their first set of practice trials.

Each trial began with a fixation display (a white cross in the
middle of the black screen) followed by the search display,
which remained on until the participant responded.
Participants pressed one key for “present” and another for
“absent,” with the mapping of the keys counterbalanced
across the participants. Participants were shown feedback after
each response: a “+” sign for correct and a “—” sign for
incorrect.

Object recognition

Object recognition was assessed by the “foreground—
background” task of Chua, Boland, and Nisbett (2005). All
images contained a “focal object” placed into a preexisting
background using a graphics editor. We used the same stimu-
lus set and presentation order described by Chua et al. Focal
objects fell into one of two categories (animals or nonliving

things); following Chua et al., 20 images of animals and 16 of
nonliving things were used. In all stimuli tested, the back-
grounds were taken from separate photographs and featured
a collection of East Asian and Western scenes; 36 (18 of each
type of scene) were used. Each test image occupied about
70 % of the screen and was presented on a black background
(Fig. 2).

The object recognition task itself consisted of two phases.
In Phase 1 (study), observers were presented with a sequence
of 36 images and asked how much they liked each image, with
no instructions to focus on either the focal object or the back-
ground. Judgments were given on a 7-point Likert scale (1
corresponding to the least-liked image, 7 to the most-liked);
responses were entered via keyboard. Each image was 16° x
22° in extent® and was displayed for 3,000 ms, after which it
was replaced by a white screen of equal size with a black
fixation cross in the center. Participants entered their response
only after the image had disappeared—that is, they always
viewed each image for 3,000 ms.

After completing this phase, participants were given a short
“distractor” task intended to interfere with any conscious rec-
ollection strategies. Similar to the distractor task used by Chua
et al. (2005), participants were asked to count backward out
loud from 100 by steps of 5. After finishing this, they
proceeded to Phase 2.

In Phase 2 (recognition), participants were shown 72 im-
ages, one at a time. Again following Chua et al. (2005), 36 of
these contained images of the focal objects shown in Phase 1,
half in their original backgrounds and half in new back-
grounds not previously seen. The other 36 images contained
new focal objects—half in the backgrounds present in Phase
1, and half in new backgrounds. For each image, participants
reported whether they had seen the focal object before. The
image was replaced by a fixation screen once either the par-
ticipant had responded or 3,000 ms had elapsed. The next trial
started after the participant had entered a response. Following
Chua et al., all instructions were given onscreen, and partici-
pants were not given any feedback after making a response.

Questionnaire 1: Modified Vancouver acculturation index

After completing both perceptual tasks, participants were giv-
en a modified version of the Vancouver Acculturation Index
(VAI), a common measure of the degree of acculturation of an
individual. (For details, see Appendix A.) All participants
were given the questionnaire in the language used for their
task instructions.

* The size of the images used in Chua et al. (2005) was not reported. But
given the reported viewing distance (52.8 cm), and assuming that the size
of the monitor reported (37.4 cm) was the diagonal, the images used here
were about 4/5 of the size used there.
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Fig.1 Example of stimuli for the visual search task. In one of the conditions (left), participants searched for a long among short lines. In the other (right),

participants searched for a short among long lines

The VAI is based on a bidimensional model in which
changes in cultural orientation toward heritage and host cul-
tures can occur independently. Individuals can therefore iden-
tify with both their heritage and host cultures to varying de-
grees. As individuals continue to immerse themselves in the
host culture, they gain cultural fluency and assimilate to their
new social and cultural environment, potentially independent-
ly of their affiliation to their heritage culture (Ryder, Alden, &
Paulhus, 2000). As such, the VAI provides a snapshot of how
an individual feels about his or her cultural immersion and
acknowledges the potential for individuals to have bicultural
identities.

Questionnaire 2: Demographic information

After completing the modified VAL a custom-designed ques-
tionnaire requested more detailed demographic information.
(See Appendix B.) This was also given in the same language
used for the task instructions. After completing the question-
naire, participants completed a standard sign-in form, which
also asked for the number of months of their stay in Canada.

Fig. 2 Example image for the object recognition task. Here, a focal
object (deer) is placed in a forest background

@ Springer

This questionnaire was intended to measure factors such as
cultural immersion, language use, and breadth of exposure to
various visual environments. Participants provided informa-
tion on their country of origin, language proficiency, and the
location and duration of travels outside Canada. They also
indicated their gender, age, percentage of their life spent inside
Canada, and—if they were immigrants—age of entry into
Canada. The questionnaire also included the country and city
of their birth, their parents’ countries and cities of birth, and
time spent traveling. It also asked participants to indicate
which countries other than Canada they had visited, and for
how long.

Time abroad was intended to capture potential exposure to
different visual environments independently of cultural com-
petencies. Exposure to such environments might influence the
flexibility with which observers could develop or switch per-
ceptual modes. The length of time and location away from
Canada were deemed influential if the participant had traveled
for more than four weeks, because significant and
measureable changes to perception can occur beyond this
length of time (Leung, Maddux, Galinsky, & Chiu, 2008).

Results
Visual search

The primary measures of interest were response time (RT) and
error rate. The RTs for each observer were log-transformed,
and the resulting averages were used as the basis for the search
slope (the average time needed per item in the display) and
baseline (time needed for the first item). The search slope was
calculated by regressing the average RTs for each set size (3, 6,
12) against the set size itself. The baseline was calculated by
taking the intercept of the regression line with the y-axis (cor-
responding to the setup time for processing) and adding the
search slope (corresponding to the time needed for a set size of
1). We omitted data from participants whose search slopes
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deviated more than three standard units from their group’s
mean. Applying this standard, we excluded the data from
two participants (one each from the R-h and R-e groups).

The results for the various groups are shown in Fig. 3. In all
cases, the analysis involved target-present trials only; target-
absent slopes were highly variable (likely indicating large dif-
ferences in high-level search strategies), and so were omitted
from the analysis. Since we found no significant differences in
the error rates for any group [F(4, 159) = 1.6, p > .19], these
were omitted from the subsequent analysis.

Search asymmetry was assessed in two ways. The first was
via a within-subjects ¢ test of the slopes between the short- and
long-target conditions for each group. Here, “asymmetry”
was regarded as categorical: It existed if and only if the slopes
differed reliably. The second, more quantitative measure of
asymmetry was the slope ratio, the ratio of the short- to the
long-target slopes (cf. Treisman & Souther, 1985). These ra-
tios were log-transformed to obtain a reasonably normal dis-
tribution; analysis of the slope ratios was done on these trans-
formed values.

The results are shown in Table 1. Replicating the re-
sults of Ueda et al. (2016), Group R-e showed no signif-
icant asymmetry (short = 56 ms/item, long = 50 ms/item;
p > .2, ratio = 1.29), and Group R-h also showed no
significant asymmetry (short = 47 ms/item, long =
42 ms/item; p > .4, ratio = 1.33). Although both groups
tended to have slightly higher baselines for short targets,
these tendencies were not significant, either for Group R-e
(short = 947 ms, long = 904 ms) or Group R-h (short = 1,

A

025 ms, long = 943 ms; both ps > .35). More generally,
no significant differences between the groups were appar-
ent in either the slopes (both ps > .17) or baselines (both
ps > .4), suggesting no effect of language of instruction
for East Asians with only a limited exposure to a Western
environment. For most purposes, therefore, we combined
these into a single group (R). This combined group (n =
44) still showed no significant asymmetry in slopes (short
= 52 ms/item, long = 46 ms/item; p > .12, ratio = 1.3) or
baselines (short = 979 ms, long = 922 ms; p > .1).

Meanwhile, replicating previous studies of Westerners
(e.g., Treisman & Gormican, 1988), Group W—the Western
counterpart of Group R—showed an asymmetry that was
quite strong: Differences were found both in both slopes (short
= 53 ms/item, long = 39 ms/item) [#29) = 3.5, p <.002, d =
0.66, ratio = 1.81) and baselines (short = 864 ms, long =
785 ms) [#(29) =24, p <.03,d = 0.46].

Interestingly, group L-e (long-term immigrants given the
instructions in English) also showed a strong asymmetry, with
search being much faster for long targets than for short (short =
58 ms/item, long = 37 ms/item) [#(59) = 6.4, p <.0001, d=0.81,
ratio = 2.05]. Baselines also tended to differ (short = 894 ms,
long = 847 ms) [#(59) = 2.03, p < .05], though this effect was
relatively small (d = 0.26). Post-hoc comparisons using Tukey’s
HSD showed that the L-e slope ratio did not differ from that of
Group W (2.05 vs. 1.81, p > .4). Indeed, Group L-e did not differ
significantly from Group W in either slopes [short: #59, 29) =
0.52, p > 41; long: #59, 29) = 0.28, p > .67] or baselines [short:
459, 29)=0.48, p > .56; long: 159, 29) = 0.94, p > .16]. In other

'g 1600 + R-e —+ L-e -+ w
= = - -
£ 1400 + - -T-
B 4 4+
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b
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Fig. 3 Response times and error rates for visual search. Averages are
shown for each of the five groups of participants. Lines show the
average response times, and bars the average error rates. Error bars
indicate standard errors of the means. R-e, recent immigrants with

6

12
English-language instructions; R-h, recent immigrants with heritage-
language instructions; L-e, long-term immigrants with English-language
instructions; L-h, long-term immigrants with heritage-language
instructions; W, Westerners with English-language instructions
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Table 1  Results for visual search

Group R-e Group R-h Group L-e Group L-h Group W
Slope — short (ms/item) 558+3.5 46.8 £6.1 57.9+29 43+49 52.8+6.9
Slope — long (ms/item) 495+53 41.6+49 36.5+22 39.7+3.6 38.7+5.7
Slope difference (¢ test) p>2 p>4 p <.0001 p>.57 p<.002
Baseline — short (milliseconds) 947 +49 1,025+ 77 894 +£27 899 + 50 864 +36
Baseline — long (milliseconds) 907 + 47 943 +75 847 £ 25 836 +43 785 +24
Baseline difference (z test) p>3 p>2 p<.05 p>.07 p<.03
Slope ratio (short/long + SEM) 129+0.12 1.33 £0.21 2.05+0.19 1.24+0.16 1.81+0.27
Slope ratio = 1 (z test) p>.09 p>.6 p <.0001 p>. p<.003

Groups L-e and W (shaded columns) show strong asymmetries in slopes and baselines, with search being about 60 % faster for long than for short targets.
No other differences are significant, nor are there any significant asymmetries within other groups

words, performance in long-term immigrants was much the same
as that of native-born Westerners.

In contrast, post-hoc comparisons using Tukey’s HSD con-
firmed that the slope ratios of Group L-e differed from those of
Group R (p <.02). To analyze this in greater detail, we con-
ducted a two-way mixed analysis of variance (ANOVA) with
Group (L-e, R) and Target Length as factors. This revealed a
main effect of target length [F(1, 102) = 25.2, p <.0001], no
main effect of time in Canada (p > . 55), but an interaction
between target length and time in Canada [F(1, 102)=7.9,p <
.007]: Namely, only Group L-e was faster at searching for
long than for short targets (p < .05), whereas Group R was
equally slow at searching for long and short targets (p > .05).
Thus, although length of time in Canada did not affect overall
search speeds, it did affect the differences: participants who
had lived in Canada longer showed a greater difference in
speed—and in particular, were faster for long targets—than
recent arrivals.

Meanwhile, Group L-h (long-term immigrants given the
instructions in their heritage language) exhibited a pattern
largely similar to that for Group R. For observers in Group
L-h, search slopes did not differ significantly (short =43 ms/
item, long = 40 ms/item; p > .5, ratio = 1.2), nor was there a
significant difference in baselines (short = 899 ms, long =
836 ms; p = .08). A post-hoc two-factor ANOVA of Groups
L-h and L-e showed no main effect of instruction group [F(1,
86) = 2.6, p > .1], but did show a strong interaction between
instruction group and target length [F(1, 86) = 8.07, p <.006]:
In particular, Group L-h had shallower short-target slopes than
did Group L-e [#86) = 1.9, p < .05, d = 0.62], whereas long-
target slopes did not significantly differ (p > .05). In summary,
then, instructions in their heritage language appeared to cause
these observers to use a perceptual mode that resulted in rel-
atively little search asymmetry, with search being faster over-
all than for Group L-e.

Although the proportions of male to female participants
were roughly similar overall, the proportions did differ be-
tween groups (p < .02). To rule out the possibility that these
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differences were responsible for the effects found, we tested
whether gender had any effect on the slope ratios. No signif-
icant effect was found (p > .39), making it unlikely that these
imbalances affected our results.

Correlations with questionnaire responses

To determine whether search performance depends on nonvi-
sual environmental factors (in particular, ones involving cul-
ture), we examined the extent to which the degree of asym-
metry—or more precisely, the slope ratio—correlated with
group and individual responses on the questionnaires. The
first of these measures (VAI) assessed two independent di-
mensions (affinities to the heritage and host cultures), each
based on several questions involving a Likert scale ranging
from 1 (strongly disagree) to 9 (strongly agree). Differences in
participants’ raw VAI responses can be dampened by a bias to
default to the “neutral” response. To minimize dampening
effects from participants who did not respond strongly to some
questions, we calculated for each question the “median-split
score”—that is, the percentage of responses from each partic-
ipant that were greater than 5. Although the median-split score
is a coarser measure than the raw responses, neutral responses
do not dampen it. As such, it was a more sensitive measure
than the means for group and individual polarizations toward
the heritage versus host cultures. (See Appendix C). The sec-
ond source of information was the demographic question-
naire, which described the life history of the participant, espe-
cially with regard to exposure to different cultures. (For de-
tails, see Appendix D). Westerners were exempted from these
analyses. In addition, several participants (three from Group
L-h, one from L-e, one from R-h, and one from R-¢) turned in
questionnaires that were blank or otherwise incorrectly com-
pleted. The data from these participants were excluded.

For the VAL we calculated the average median-split per-
centages on the heritage and Western subscales for each
group. Scores are shown in Table 2.
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Table 2 Averages and standard errors of the median-split scores of
individuals in each Asian group for the Heritage (Asian) and Host
(Western) culture affinity subscales of the Vancouver Acculturation Index

R-e R-h L-e L-h

Heritage (Asian) 86 % +4.3 % 82 %+43% 79 %+27% 86%+32%
Host (Western) 59 % +4.5 % 58 % +4.6% 77 %+27% 75%+34%

The performance of East Asians on the framed-line task
appears to depend on their level of self-identification with
their heritage culture (Hedden et al., 2008). Such self-
identification could capture a host of factors that might influ-
ence visual search, such as susceptibility to visual or linguistic
(i.e., the language of instruction) primes. In accord with the
findings of Hedden et al., VAI responses at the group level
were consistent with some of the patterns in visual search.
Recent arrivals had relatively symmetric search and also indi-
cated greater self-identification with their heritage than with
Western culture. On the other hand, although the L-h and L-¢
groups differed in search, the L-h group did not show a sig-
nificantly greater identification with their heritage than with
Western culture, suggesting that these factors may not have
played a large role in visual search.

We also calculated for each East Asian group the Pearson
correlations between the slope ratios and the various quantities
on the two questionnaires. This was also done for all East
Asians pooled together. (We refer to this pooled group as
Group A.) Almost none of our predictors had a significant
effect. The only exceptions were the North American subscale
and the number of months in Canada. Controlling for months
in Canada, individuals with greater North American subscale
scores showed a weak correlation with faster search for long
lines (r = —.18, p < .04). Meanwhile, when controlling for
scores on the North American subscale, a positive relationship
was found between slope ratio and months in Canada (» = .25,
p < .004); this essentially restates our main finding that the
slope ratio depended on length of time in Canada.

The absence of a relationship between search performance
and responses to these questionnaires (other than length of time
in Canada), coupled with the observation that group-level dif-
ferences in cultural affinity failed to differentiate the L-h and
L-e groups, suggests that socio-cultural identity plays at most a
minor role in visual search asymmetry.

Finally, to get an approximate estimate of how search asym-
metry is affected by the amount of time spent in a new environ-
ment, a simple post-hoc analysis was carried out on the East
Asians given instructions in English. This group was split into
four quartiles according to time spent in Canada, with the average
of each quartile taken as its value. The results are shown in Fig. 4.
As is clear from this figure, search asymmetry is low during the
first year or so in Canada, after which it climbs to a level similar
to that of native-born Westerners and stays at that level.

Slope ratio

v

I I
0 5 10 15 20 25
Time in Canada (years)

Fig. 4 Degree of search asymmetry as a function of time in Canada.
Mean slope ratios are shown for each quartile; error bars describe
standard errors of the means. For the first year or so in Canada, the
degree of asymmetry is low, after which it reaches and stays at a level
comparable to that of native-born Westerners (the dashed line represents
the mean; the gray area represents the standard error of the mean for
Group W)

Object recognition

Performance on this task was assessed by comparing two
measures: (i) the accuracy of recognition when a focal object
reappears in the background in which it was originally seen,
and (ii) the accuracy when it appears in a new background
(referred to as “old” and “new,” respectively). The degree of
holism is reflected in the extent to which these measures dif-
fer: Worse performance for new backgrounds indicates a more
holistic mode (Chua et al., 2005). Similar to the case for search
asymmetry, holism was assessed in two different ways. First,
it was treated as a categorical factor, with error rates in the two
conditions being compared via within-subjects ¢ tests. Next,
the degree of holism was assessed, using the recognition ratio
(error rate for new backgrounds/error rate for old ones).
Owing to random experimenter error, 11 participants (three
in Group R-h, two in R-e, two in L-e, one in L-h, and three
in W) left the study room before completing the object recog-
nition task. Because these errors were distributed uniformly
over all five groups, they reduced the degrees of freedom but
not the internal validity of our analyses of the groups’ object
recognition performance.

The results are shown in Fig. 5, and detailed comparisons
are in Table 3. Consistent with Chua et al. (2005), all East
Asian observers exhibited a clear holistic mode, performing
measurably worse for new than for old backgrounds.
Interestingly, participants instructed in their heritage lan-
guage (Groups R-h and L-h) performed no better on the
object recognition task than those given instructions in
English. Indeed, the recognition ratios for all groups—in-
cluding Group W—did not differ significantly from each
other (one-way ANOVA, p > .57). In other words, Group
W (Westerners who had lived in Vancouver most of their
lives) had about the same degree of holism (old = 22 %,
new = 35 %; #39) = 3.3, p <.003, d = 0.83, ratio = 2.1) as
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Fig. 5 Error rates for object recognition. The average rates are shown for each of the five groups. Error bars indicate standard errors of the means

Group A (old = 28 %, new = 43 %; #(125) = 7.2, p <.0001,
d = 0.69, ratio = 2.7).

Westerners appeared to have lower error rates on the task
than did East Asians. If our Westerners had an analytical pro-
cessing style, East Asians should have shown a greater differ-
ence in performance between the old and new backgrounds
than Westerners. To assess this possibility, we conducted a
two-way mixed ANOVA comparing the error rates for old
and new backgrounds between the Westerners and the
(pooled) Asian group. The test confirmed the main effect of
group, with Westerners performing better than East Asians
overall [F(1, 174.7)° = 8.34, p < .005], and the main effect
of background, with new backgrounds yielding higher error
rates than old backgrounds [F(1, 174.7) = 28.5, p < .0001].
Crucially, the test failed to find an interaction between back-
ground and group [F(1, 174.7) = 0.23, p > .63]: Both groups
appeared equally affected by the switch from a new to an old
background, consistent with a common, holistic processing
style. The RTs of Groups W and A also did not differ signif-
icantly (W = 1,850.6, A = 1,845.3; p > .65). In any event,
given the lack of difference in relative error rates between the
two groups, it is unlikely that speed—accuracy trade-offs can
account for this pattern of results.

It is not clear why the native Vancouverites tested here
(Group W) performed differently from the Midwesterners
tested by Chua et al. (2005). Assuming that this was not due
to sampling error or to the slightly smaller images used in our
experiments, it may be that a more holistic mode is induced by
living in the high visual density of the Vancouver urban area.
It may also be that Vancouver has enough of an East Asian
influence in its visual environment or social culture to induce
all of its inhabitants to adopt a more holistic visual mode.

> Degrees of freedom were corrected to compensate for violations of
sphericity.
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Settling this issue must await future studies. In any event, it
is worth pointing out that since the Westerners tested here used
a holistic mode in visual recognition similar to that of East
Asians, the analytic/holistic distinction (at least, as applied to
visual memory) is unlikely to account for the differences in
search asymmetry encountered in Experiment 1.

Correlations with search

To further investigate possible connections between visual
search and visual recognition, we calculated Pearson correla-
tions between the recognition ratios and slope ratios (as well
as between the slopes for short and long targets). This was
done for each of the East Asian groups, as well as for all
observers pooled together. No correlations were significant
(all ps > .07). This result accords with the conclusion above
that analytic/holistic differences in object recognition are un-
likely to explain the differences in search found here.

Correlations with questionnaire responses

Finally, for each of the four non-Western groups, we calculat-
ed Pearson correlations between the recognition ratios and
various quantities from the questionnaire data, such as months
in Canada and the median-split scores on the two VAI dimen-
sions. This was also done for these four groups pooled
together.

As in the case of search asymmetry, almost none of our
predictors had a significant effect. The only exception was a
modest (r=—.19, p <.04) inverse relationship between holism
and the participant’s median-split score on the North
American VAI dimension. Pooling across all East Asians, ob-
servers who were more strongly oriented to North America
tended to be somewhat less holistic, regardless of how they
stood on the Heritage subscale. In general, however, cultural



Atten Percept Psychophys (2016) 78:1585-1602 1595
Table 3  Results for object recognition

Group R-¢ Group R-h Group L-e Group L-h Group W
Error rate — old (miss rate) 24+ .03 31+.04 27 +.02 31+.03 22+.02
Error rate — new (miss rate) 43 +.03 45+ .06 42 +.02 43+.03 35+.03
Error difference (7 test) p <.0002 p<.01 p <.0001 p <.005 p <.003
RT - old (milliseconds) 1,620 + 198 2,028 +294 1,770 + 143 1,644 +220 1,805 + 169
RT — new (milliseconds) 1,639 £ 192 1,907 + 267 1,794 + 142 1,671 + 194 1,894 + 166
RT difference (7 test) p> .6 p>2 p>.5 p> .6 p>.1
Recognition ratio (new/old + SEM) 24+04 1.7+£0.3 326+£09 1.9+£0.28 2.1+04
Recognition ratio = 1 (z test) p <.0003 p<.05 p<.02 p <.005 p<.02

All groups have poorer memory recognition for objects placed in backgrounds that are different from those in which they were first learned. Differences
were found between the groups in averaged error rates (p < .05), but not in response times (RTs; p > .8). Follow-up post-hoc tests revealed that the
Westerners had lower average error rates than three (R-h, L-e, and L-h, but not R-e) of the East Asian groups (all ps <.05). No other comparisons were

significant. We expand on this observation in the text

factors appeared to play a relatively weak role in visual rec-
ognition, consistent with performance on this task being large-
ly the same for all cultural groups tested.

General discussion

The results of the experiments here indicate that environmen-
tal factors can strongly affect the perceptual mode deployed
by an observer. Our results replicated previous findings that
observers raised in a Western environment show a strong
asymmetry in visual search for length (Treisman &
Gormican, 1988), whereas observers raised in an East Asian
environment have no significant asymmetry on this task
(Ueda et al., 2016). In addition, our results showed that East
Asians who live in a Western environment for more than a few
years become as asymmetric as native Westerners. They also
showed that such observers lose this asymmetry when given
written instructions in their heritage language.

No significant correlations were found between asymmetry
and various measures of cultural identity, suggesting that the
factors responsible were likely not cultural per se. Instead, they
may have involved physical factors, such as the density of
buildings or the nature of the written language. Our results also
indicated that—contrary to previous findings (Chua et al.,
2005)—East Asians and Westerners can be equally holistic in
object recognition, so that differences in search asymmetry were
unlikely to stem from differences in general modes of analytic/
holistic processing (Miyamoto, Nisbett, & Masuda, 2006).

These results have several implications. First, they support
the thesis that the environment—and likely, the visual envi-
ronment—can affect the perceptual modes available to an ob-
server, and that this can occur even for adults. They also indi-
cate that a new environment can lead to the development—or
at least, the deployment—of a new attentional mode in as little
as 2 years. This conclusion is broadly consistent with the

results of other studies, such as those on the rural Himba,
who when they continually visited an urban environment were
found to become more susceptible to the Ebbinghaus illusion
(Caparos et al., 2012).

Our results also have implications for current models of
visual search. To begin with, none of these models (e.g.,
Treisman & Gelade, 1980; Wolfe, 2007) can easily account
for different degrees of search asymmetry in observers from
different cultures; they must be expanded to account for the
existence of different perceptual modes. Moreover, they must
not only explain when asymmetry exists, but also when it does
not; environmental factors will almost certainly play a role,
here. And the resulting architecture must be flexible enough to
enable different modes to develop (or at least, be deployed) in
response to changes in the environment.

Our finding that observers who behave differently on visu-
al search do not differ on object recognition also suggests that
a single analytic/holistic mode cannot apply to both visual
attention and visual memory. (Observers might, however, be-
have holistically with regard to visual memory and analytical-
ly with regard to visual attention.) Beyond this, however, cau-
tion is required: The analytic/holistic distinction, for example,
may not even apply to visual search. The latter view is con-
sistent with the proposal of Caparos et al. (2012) that not all
differences in perceptual mode have their origins in the
analytic/holistic distinction. It is also consistent with the sug-
gestion by Ueda et al. (2016) that cultural differences in search
are due to differences in the ways that properties are encoded,
rather than differences in the use of analytic or holistic
processing.

The suggestion of Ueda et al. (2016) was based on their
finding of different patterns of asymmetry for different visual
stimuli. However, a holistic perceptual mode might still ac-
count for the lack of asymmetry found here. This mode creates
a preference for relative over absolute judgments; for exam-
ple, Japanese observers appear to be more accurate than
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Westerners at determining the relative length of a line within a
frame (Kitayama et al., 2003). As such, judging the length of a
line in relation to its frame might be a natural way for East
Asians to handle a search task. Given that some models of
search view asymmetry as arising from the relationship of
the target item to the background (e.g., Rosenholtz, 2001), a
holistic mode might therefore include the length of the mon-
itor frame in the calculations of item lengths, weakening the
relative distinctiveness of the targets, and thus reducing the
asymmetry.

Another challenge for current models is the finding of a
significant difference in the performance of long-time East
Asian immigrants, depending on the language of instruction.
Because we did not randomly assign bilingual immigrants to
the two conditions, we cannot unequivocally claim that in-
structional language was the key factor. But it does raise the
question of what could have led to the difference in perfor-
mance. If it were the language of instruction, this would sug-
gest that the use of a language can “trigger” an alternate per-
ceptual mode. More generally, it suggests that adults might
host multiple perceptual modes, with the particular one used
being triggered by appropriate environmental conditions (e.g.,
the appearance of the text in the instructions). This possibility
would raise a set of interesting issues concerning the nature of
triggering—for example, what kinds of stimuli can trigger a
mode, and what else is brought about when this happens?

Such a research program could usefully interact with work
in cultural psychology. Two theories are currently dominant
regarding how bicultural individuals make sense of and re-
spond to their cultural world. The first is frame switching:
Individuals have two sets of cultural schemas/modes and act
according to the particular one in effect. The second is
blending, in which individuals blend or mix both modes; the
result is a hybrid that incorporates the ways of being, know-
ing, and perceiving of both cultures (Heine, 2008). Cultural
psychologists are uncertain which of these is more likely to be
the case. The results here support at least some degree of frame
switching, with the reading of a particular written language
perhaps being a trigger for the switch.

This latter possibility is supported by the finding that bira-
cial individuals primed with their White identity show a visual
search advantage similar to that of Whites when identifying
White faces, and a similar advantage for Black faces when
primed with Black identity (Chiao, Heck, Nakayama, &
Ambady, 2006). This suggests that the cognitive flexibility
resulting from navigating two cultural worlds—Ilike that of
the long-term immigrants studied here—could enable visual
search modes to change depending on the context or
environment.

Meanwhile, given that we found—in apparent contradic-
tion to the results of Chua et al. (2005)— visual memory to be
equally holistic for East Asians and Westerners, what can be
said about their underlying mechanisms? The holistic visual

@ Springer

memory of East Asians has sometimes been explained with
reference to the visual qualities of East Asian city scenes; for
instance, photographs of Japanese scenes tend to be rated as
more “complex” and “ambiguous” than Western ones, with
more “foreground objects” and “invisible portions” (Masuda,
Gonzalez, Kwan, & Nisbett, 2008). It may be that many
Westerners in Vancouver are exposed to East Asian media,
East Asian video games, East Asian food, and have East
Asian friends, which may have created a high degree of
Asian influence. Or it may simply be that the look (or just
the density) of Vancouver is sufficiently close to that of many
East Asian cities, with its inhabitants adapting accordingly. In
any event, the finding of differences in search asymmetry
supports the thesis that visual memory and visual attention
have different susceptibilities to environmental factors.

Considerations of this kind indicate that the nature of visual
environments needs to be better understood. One potential
project would be to assess exactly how photographs of East
Asian and Western scenes differ with respect to various fac-
tors. Indeed, it would be interesting to determine the extent to
which individual cities—in both the East and the West—vary
in their visual environments, and the extent to which this af-
fects the perceptual modes of their inhabitants. It would be
especially interesting to know how properties such as clutter
and density might influence the formation (or, at least, the
deployment) of a perceptual mode. What is needed for this
is a better characterization of the visual properties of scenes
relevant for human perception. The work of Yu, Samaras, and
Zelinsky (2014) on visual clutter is an example of how such
issues might be approached in a more rigorous way.

At a more general level, our results also suggest that re-
searchers would benefit from knowing their participants’ cul-
tural background, and taking the relevant factors into account
when analyzing performance. Even in controlled laboratory
settings, for example, a relatively small difference in environ-
ment could trigger a particular mode, affecting such things as
the control of visual attention.

More generally yet, our results suggest that interesting op-
portunities can arise in collaborations between vision and cul-
tural psychologists. In particular, they suggest at least seven
potential research directions for future work:

1. Which environmental factors influence visual search?

2. Which environmental factors influence object
recognition?

3. Are there constraints on the degrees to which visual
search and object recognition can both be analytic or
holistic? (For example, can an individual have an analyt-
ic mode for visual attention and an analytic mode for
visual memory as well?)

4. Do the visual environments of Westerners and East Asians
differ with regard to low-level visual factors such as den-
sity or clutter?
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5. How might these factors impact visual attention and visu-
al memory in general?

6. Canindividuals develop multiple perceptual modes? If so,
how many are possible?

7. Can modes be switched by changing the language of the
instructions? How do such triggers depend on the culture
of the observer?

In summary, then, our results show that, far from being a
source of “noise” in the data, cultural variability can be an
important source of insight into various issues. From the point
of view of vision science, it can help us explore the nature and
number of modes that can be held by an observer, as well as
the mechanisms through which these modes are switched.
From the view of cultural psychology, such perceptual differ-
ences may be an interesting—and potentially more reliable—
way to measure aspects of cultural identity beyond those
available via self-report. As such, the results of this study
suggest that collaboration between cultural psychologists
and vision scientists can be quite productive and may have a
considerable future ahead of it.
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Appendix A - VAI questionnaire

The Vancouver Acculturation Index (VAI) is a 20-item self-
report instrument with ten paired items. Participants are asked
to rate their agreement or disagreement with each item, from 1
(strongly disagree) to 5 (neutral/it depends) to 9 (strongly
agree). The VAI produces two affiliation scores: one for the
heritage culture (ten items) and one for North American cul-
ture (ten items). The VAI can assess changes in values, rela-
tionships, and adherence to traditions as they pertain to self-
identity and psychosocial adjustment.

The VAI was chosen to measure acculturation because it
has demonstrated solid psychometric properties with ethnic

Chinese and East Asians. Ryder, Alder, and Paulhus (2000)
used the VAI to evaluate three cultural groups: Chinese
(Chinese Canadians who identified Chinese as their heritage
culture), other East Asians (first- and second-generation
Canadian-Japanese, Vietnamese and Koreans), and a miscel-
laneous group who identified a non-Asian or non-English-
speaking cultural group (e.g., Arabic, East Indian,
French) as their heritage culture. The Heritage dimension
was internally consistent with Chinese, East Asian, and
miscellaneous samples (.91, .92, and .91 respectively),
with high mean interitem correlations (.52, .53, and .51
respectively). The North American (host culture) dimen-
sion had similar scores among Chinese, East Asian, and
miscellaneous samples (.89, .85, and .87 respectively),
and high interitem correlations as well (.45, .38, and .44
respectively). Concurrent validity was assessed by com-
paring the Heritage and North American dimensions
across various demographic variables (see Ryder et al.,
2000). Intercorrelations among first- and second-
generation informants, collapsed across ethnicities, were
—19 (p <.1) and .6 (n.s.), respectively. Factorial validity
was also consistent across the three samples assessed.
(See Ryder et al., 2000, for how these properties were
determined.) Because our sample was composed of most-
ly first- or second-generation Chinese and other East
Asian ethnicities, the VAI was deemed suitable to capture
their acculturation experience and self-perception.

The original VAI asked participants to identify their
heritage culture as the one having the greatest influence
in their lives. It therefore summed the responses for each
subscore, and the highest score represented the culture
that the participant felt most affiliated with. We modified
the instructions by defining the heritage culture as that of
the participant’s parents. Pilot tests revealed that some
participants expressed a disconnect between their parents’
cultural backgrounds (the heritage culture they were first
exposed to) and the one they deemed most influential
(often that of a different country where they had spent
most of their lives). Although multiple heritage cultures
may be important in the lives of some individuals, our
modification was intended to reduce noise and cultural
group categorization difficulties, and to maintain sample
consistency with other studies that have compared both
East Asian and Caucasian participants.

To increase the measure’s sensitivity, total responses
over 5 were summed and coded as indicating higher
affiliation toward the host culture, while responses be-
low 5 were coded as indicating higher affiliation toward
the heritage culture. The total number of responses in
each category was then transformed into a percentage
reflecting the degrees of acculturation to both cultures.
We did not modify the content of the questions of the
original VAI
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Vancouver Acculturation Index Questions:

1. T often participate in my heritage cultural traditions.
I often participate in mainstream North American cultur-
al traditions.

3. I would be willing to marry a person from my heritage
culture.

4. T would be willing to marry a North American person.

5. T enjoy social activities with people from the same her-
itage culture as myself.

6. Ienjoy social activities with typical North American people.

7. 1 am comfortable working with people of the same her-
itage culture as myself.

8. I am comfortable working with typical North American
people.

9. Ienjoy entertainment (e.g. movies, music) from my heritage
culture.

10. I enjoy North American entertainment (e.g. movies,

music).

11. I often behave in ways that are typical of my heritage
culture.

12. T often behave in ways that are typically North
American.

13. TItis important to me to maintain or develop the practices
of my heritage culture.

14. It is important to me to maintain or develop North
American cultural practices.

15. Ibelieve in the values of my heritage culture.

16. 1 believe in mainstream North American values.

17. T1enjoy the jokes and humour of my heritage culture.

18. I enjoy typical North American jokes and humour.

19. T am interested in having friends from my heritage
culture.

20. Tam interested in having North American friends.

Scale:

1: Strongly Disagree 2 3 Disagree 4 5 Neutral/Depends 6

7 Agree 8 9 Strongly Agree

Appendix B - Demographic questionnaire

The demographic questionnaire was used to determine the
nature and level of exposure to/immersion in cultures and
environments other than the participant’s heritage culture
and environment. The data from this questionnaire were also
used to explore the role of possible cultural confounds in per-
formance. In addition to sex, current age, and age at entry into
Canada (if applicable), the questionnaire asked participants
about where they lived; the cultural backgrounds of both par-
ents; their levels of competency in various languages (if ap-
plicable); their self-ranked levels of reading, writing, and
speaking language competencies; and the length and exposure
to other cultures resulting from traveling.

For participants born outside Canada, we asked at what age
they had arrived in Canada. As we discussed in the introduc-
tion, this was used to categorize participants on the basis of
time in Canada. Age at arrival also provides some information
about the individual’s possible affiliations toward the heritage
and North American cultures, with older immigrants showing
a greater affiliation toward the heritage culture or equally po-
larized affiliations to both cultures, in comparison to recent
arrivals, who tended to embrace their heritage culture (see
VAI data).

The cultural backgrounds of parents can play a significant role
in socialization and cultural competence, and this information was
collected to cross-check the participant’s declared heritage culture.
This was operationalized as the mother’s and father’s cities and
countries of birth. The participant’s declared affiliation to the
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heritage culture was generally consistent with the parents’ cultural
background, or at least was equally polarized to both North
American and heritage cultural orientations (see the VAI data).

Language abilities were also assessed, since language compe-
tency has long been known to influence individuals to think and
perceive in different ways. For example, the Whorf hypothesis
posits that the sentence structure of a particular language can
mold the expression of various cognitive and emotional process-
es; participants with multiple language competencies may there-
fore have more varied cultural exposure, and hence more com-
plex self-identities (Heine, 2008). Language proficiency, then,
functions as a test of the intensity of cultural immersion, and
hence, as a proxy for cultural affiliation and orientation. It also
facilitates the use of an analytical or holistic mode of thought, and
so may play a role in a participant’s default perceptual mode; it
might, for example, enable participants to employ analytic or
holistic search strategies with greater flexibility. By asking about
reading and writing competencies, we wanted to explore the roles
of different writing and reading systems in perceptual mode. This
was motivated in part by findings that writing (as opposed to
reading) Chinese script can bias an individual toward adopting
a holistic perceptual mode (Liu & Hsiao, 2012).

Although findings have been inconsistent concerning the role
of travel in perceptual performance, acculturation, or affiliation
toward heritage cultures (Heine, 2008), we did not want to ex-
clude the possibility that exposure to other cultures, even tempo-
rarily, could alter perceptual strategies. We therefore chose four
weeks as enough time for a sojourn (as opposed to a short-term
travel experience).
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Demographics Questionnaire

Experimenter Use:  Subject ID: Group: Date:
Gender: M F
Age:

What percentage of your life have you spent IN Canada? (ie. 80 %). Please EXCLUDE the time
you have spent living, travelling or sojourning in countries other than Canada.

%
What percentage of your life you have spent OUTSIDE of Canada? For this assessment, please
include the all time you HAVE spent living, travelling or sojourning in countries other than
Canada.

%

If you were NOT born in Canada, how old were you when you arrived in Canada?

Your city and country of birth: -

Your mother’s city and country of birth: -

Your father’s city and country of birth:

Your primary language for WRITING

Your primary language for SPEAKING

Please indicate any languages OTHER than English for which you have intermediate reading,
writing and speaking competencies:

None
OR

Please list the languages in order of competence from MOST competent to LEAST
competent.

1.

2.

3.

Travelling Survey
Apart from Canada, have you traveled to and stayed in another country for over four weeks?

If yes, for how long? (In WEEKS if less than one month; in MONTHS if over than or equal to one
month)

Which country?

@ Springer
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Appendix C - Results of VAI questionnaire

The results of this study are shown in Fig. 6.
Participants in Group R were strongly polarized toward
their heritage cultures. For Group R-h, the median-split
Heritage and Host scores were 82 % and 60 %, respec-
tively; for Group R-e, the respective values were 84 %
and 58 %. Reponses of the long-time immigrants
(Group L-e) were distinguished by the absence of po-
larization, with less extreme and similar responses to
both subscales [M(Heritage) = 79 %, M(North
American) = 77 %].

An interesting question was whether the L-h
group—whose questionnaires were written in traditional
Chinese script—would exhibit responses similar to
those of the L-e group. A moderate effect of language
of instruction was found: Participants in Group L-h
exhibited slightly more polarized responses
[M(Heritage) = 86 %, M(North American) = 75 %]
than their L-e counterparts. Interestingly, such a differ-
ence seemed to pinpoint the Heritage subscale re-
sponses: Whereas the North American responses for
Group L-h remained similar to those of Group L-e,
their Heritage subscale scores were greater—more like
those of the R groups.

This pattern suggests that upon first arriving in a
new country, an individual strongly identifies with
their heritage culture and rejects the host culture, after
which the individual’s responses depolarize:
Orientation toward the heritage culture weakens, orien-
tation toward the host culture strengthens, and the two
achieve equilibrium around what is, perhaps, the
scale’s psychological “midpoint.”

1.00
0.90

0.80

0.70
0.60
0.50 - M Heritage
0.40 m North American
0.30
0.20

0.10

0.00

A-h A-e L-h L-e

Fig. 6 Results of VAI questionnaire
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Appendix D - Results from demographic
questionnaire

Data Collection Phase I (collected in 2010-2011)
Total participants: (n = 68)

Sample Composition

a) UBC Ritsumeikan Students (n = 19)
b) Other participants (n = 49)

Demographic variables

Sex (%) Age Country of Life in Months in
Birth (%) Canada Canada
(%)

Male 40 % 20.9 yrs (m) China (53.3) 58.6 % (m)  153.8 months (m)
Female: 60 % 2.3 (Std) Canada (20) 32.0 (Std) 193.2 (Std)

Ritsumeikan 12iwan (6.7) Ritsumeikan Ritsumeikan

199m  orea(67) N/A 1.89 months (m)

: USA (3.3) '
1.2 (Std) 0.61 (Std)

Philippines (3.3)

Malaysia (3.3)

No data reported
(34

Primary and intermediate language use characteristics

Language for

Language for

Other Language Intermediate

Writing (%) Speaking (%) Competency (%)
English (60) English (60) Yes (73.3)
Chinese (33.3) Chinese (33.3) No (26.7)
Korean (3.4) Korean (3.4)

No data reported (3.4) No data reported (3.4)

Travel outside of Canada (>four weeks)

Yes (%) No (%)
533 46.7
Data Collection Phase II (collected in 2011-2012)
Participants: (n = 58)
Demographic variables
Sex (%) Age Country of Life in Months in
Birth (%) Canada (%) Canada
Male 28.3 21.5(m) China (43.1) 38.9 (m) 94.7 (m)
Female: 71.7  2.99(Std) Canada (20.7) 35.9 (Std) 95.5 (Std)
Taiwan (15.5)
Korea (5.2)
Japan (3.4)
Philippines (3.4)
Singapore (3.4)

Indonesia (1.7)
South Korea: (1.7)
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Primary and intermediate language use characteristics

Language for Language for Other Language Intermediate

Writing (%) Speaking (%) Competency (%)
English (55.2) Chinese (44.8) Yes (56.9)
Chinese (32.8) English (41.4) No (43.1)
Korean (3.4) Japanese (3.4)
Japanese (3.4) Korean (3.4)
Indonesian (1.7) Tagalog (3.4)
Khmer (1.7) Indonesian (1.7)
Tagalog (1.7) Khmer (1.7)

Travel outside of Canada (>four weeks)

Yes (%) No (%)
50.9 49.1
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