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Abstract

In this chapter, we selectively review the literature investigating how culture affects
memory and perception. The chapter tries to capture some of the ways that culture
and life experience can shape perception, including adaptive changes that are shaped
by the characteristics of one’s environment. In its treatment of memory, the chapter
focuses on the ways in which culture may influence the amount of specific information
that is contained in memory for autobiographical episodes as well as objects, and eval-
uates potential mechanisms that could account for these effects. The chapter’s treat-
ment of perception and culture includes a novel proposal: that cultural biases in
preferential processing of particular spatial frequencies, an idea that thus far has primar-
ily been tested in face processing, could account for cultural differences in memory
specificity. Finally, we discuss the type of evidence that would be needed to fully
evaluate this proposal and theories of cultural influences more generally.
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1. Perceptual and mnemonic differences across cultures

Dating to the earliest systematic observations of human cognition,

researchers have recognized and struggled to account for individual differences

in performance. The notion of the “personal equation,” derived from astro-

nomical observations made byNevilMaskelyne in 1796, captured the idea that

each observer differed in some way from others (Boring, 1950, Chapter 8).

Over the years, individual differences in cognition have been linked to

many different variables, including genetics (Posner, Rothbart, & Sheese,

2007), acquired expertise (Ericsson, 2017), and working memory capacity

(Engle, 2002, 2018), to name just a few. In the past 2 decades, researchers have

increasingly recognized the importance of yet another source of individual

differences: culture (e.g., Chiao, 2009; Grossmann et al., 2012; Gutchess

et al., 2006; Han & Ma, 2014; Hedden et al., 2002; Ji, Nisbett, & Su, 2001;

Kitayama & Uskul, 2011; Markus & Kitayama, 1991; Masuda & Nisbett,

2001; Na et al., 2010; Nisbett, Peng, Choi, & Norenzayan, 2001; Stevens,

2012). As there is relatively limited research on the influence of culture on

psychological processes, our goals for this chapter are to selectively review some

of the existing findings, propose some novel connections among the processes

shaped by culture, and, above all, stimulate further research in these areas.

The consideration of culture is a relatively novel direction for the study of

cognition. Most of the existing theories and frameworks are shaped by the

research framework of social psychology, which embraced the consideration

of culture sooner and has had a stronger hand in shaping the direction of

cross-cultural research thus far. For example, the ways in which one thinks

about oneself, self-construal, is thought to be richly shaped by the social envi-

ronment and the ways in which one relates to their social circle and group

memberships. Cultural differences in self-construal posit that Western cultures,

including the United States, Canada, United Kingdom, Australia, andWestern

Europe, have more independent representations of the self, such that the self is

considered to be an entity distinct from others. In contrast, Eastern cultures,

including China, Japan, and Korea, and sometimes Southeast Asia and South

Asia, have a more interdependent representation of the self, in which the self

is considered in terms of social roles and connections with others (Markus &

Kitayama, 1991). Thus far, self-construal has been a dominant framework

for the study of culture, with influences on processes such as emotional expres-

sion (Tsai, Sun, Wang, & Lau, 2016), impression formation (Saribay, Rim, &

Uleman, 2012), and life satisfaction (Suh, Diener, & Updegraff, 2008).
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Yet recent work has begun to illuminate that the assumption that the

social world shapes mind and brain may not be the only way to account

for many of the cross-cultural differences in cognition. In the present chap-

ter, we will argue that lower-level, perceptual processes could account for

differences in memory across cultures. Investigations of culture and cogni-

tion typically emphasize how culture impacts either perception or memory,

treating the two separately. We decided to deviate from that model, treating

the two in concert. We take this path because we recognize that virtually no

assay of perception is uninfluenced by some aspect of memory. Conversely,

memory depends so heavily on perception that one distinguished memory

researcher has characterized memory as “perception plus time” (Kahana,

personal communication, March 2019). In addition, there are striking par-

allels between memory and perception. Memory is reconstructive, drawing

on contextual and other supplementary cues to build a memory for recall.

Similarly, perception draws on inferences to solve the inverse problem,

for example, reconstructing a three-dimensional world from the two-

dimensional projection on the retina using cues such as occlusion and

relative size. As a result, these seemingly different processes are both open

to culture-related influences.

Obviously, the brain shapes both perception andmemory. Events that go

unregistered by the brain will go unperceived; and events whose traces have

been lost will go unremembered. But what influences shape what the brain

can and cannot do? Examining those influences provides a framework

within which we can focus our exploration and, at the same time, highlights

the challenges to fully understanding culture’s influence.

Responding to both genetic and environmental influences, the human

brain undergoes continuous changes—before and shortly after birth, of

course, but also throughout the lifespan. Inspired by the pioneering work

of Hubel andWiesel (1962) on the impact of visual rearing conditions, basic

researchers as well as clinicians have understood the powerful neural impact

of interactions with the sensory environment. That is, rearing conditions

have powerful impacts on multiple neural systems. Of course, adaptation

to environmental conditions does not cease at any point in life. Throughout

the life span, the human brain continuously adapts—in ways large and

small—to the sensory environment and to feedback from experiences in that

environment, that is, learning.

Our approach to the study of culture draws on these notions of plasticity,

in that the brain is continually sculpted by learning and life experiences,

strengthening and rewriting neural connections (Li, 2016; Park &
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Gutchess, 2006). The process repetitively unfolds over time with culture,

brain, and behavior continually influencing each other in dynamic loops

(Chiao, Cheon, Pornpattanangkul, Mrazek, & Blizinsky, 2013; Han &

Ma, 2015). We conceptualize culture as the experiences shared by individ-

uals in a given group. These experiences include linguistic habits, values,

practices and customs.

How to define cultural groups is a topic of considerable debate. In this

paper, cultural group will largely be defined as the comparison of East versus

West, which typically compares East Asians from China, Japan, and Korea,

to Westerners from America, Canada, the United Kingdom, and Western

Europe. Throughout, we attempt to reflect the language used in the papers

we review, which reflects the definition of the sample (e.g., whether the

sample is Chinese or drawn from multiple East Asian countries) and the

breadth of the claims (e.g., interpreted as applying to Americans versus

Westerners as a whole). Cultural groups are typically defined by a person’s

country of origin and where s/he has spent the majority of his/her life.

Cross-site studies compare people residing in their native countries (e.g.,

Americans versus Japanese) whereas single-site studies compare native res-

idents of a country to those people who have immigrated there recently

(e.g., native Canadians not of Asian ethnicity versus Chinese who immi-

grated to Canada within the past 5 years, often for undergraduate or graduate

study). We recognize that these distinctions are merely a starting point for

studying culture, and represent broad brushstrokes across cultural identities

that differ in more nuanced ways across subregions or subpopulations,

let alone between countries. When testing is conducted in one location, that

also fails to account for self-selection effects, in terms of who chooses to relo-

cate to another country and how they compare to those individuals who

remain in the country of origin.

In addition, the time frame in which a culture is studied is an essential

consideration in defining culture. Cultural practices, norms, and perspec-

tives on the world can change over time (e.g., due to sociopolitical change).

Considering dynamic changes can serve as valuable tests of mechanisms (e.g.,

see discussion of the Himba and urbanization later in this chapter), yet

research on cross-cultural differences in cognition rarely explores change

over time.

This omission in the study of cognition extends to considering accultur-

ation as well as cross-generational effects of culture. Certainly developmen-

tal processes are at play. Are there particular time periods of one’s life when

one is most likely to internalize a new host culture, or when one is unlikely
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to change as a result of immersion in a new culture? Is cultural learning con-

sistent across different ages? Beyond the timespan of a life, there is some evi-

dence of cultural influences across generations (e.g., comparing Chinese

tested in China to first or second generation Chinese-Americans tested in

the United States) (Elfenbein &Ambady, 2002). Even with this more careful

consideration of cultural exposure, complex effects of environment are

rarely assessed, for example, through rich measures of how much families

practice and convey cultural traditions from the country of origin (even if

defined based on ancestors rather than one’s personal past) compared to

the cultural traditions of the host country. The current state of the literature

does not capture these nuances, thus typically representing an entry point

into the study of culture by using country of origin and residence as a proxy

for all of the multifaceted and variable aspects of “culture.”

Due in part to this treatment of culture, the exact mechanisms through

which culture influences cognition also are under considerable debate. It is

difficult to experimentally isolate and manipulate a single factor when the

influences of culture are so all-encompassing and repeatedly reinforced over

many years lived within a cultural setting, particularly when potentially het-

erogeneous subgroups are amalgamated together. We will discuss some

mechanisms through which culture could influence information processing

and cognition, and discuss some of the key challenges to studying culture.

In this chapter, we review evidence for cultural differences in memory,

and consider potential mechanisms that could account for the development

of individual differences. We suggest ways in which lower-level cognitive

and visual factors could account for cultural differences in memory, and dis-

cuss the type of work that is needed to fully investigate the contribution of

top-down social processes and bottom-up visual processes on cognition.

2. Influences of culture on memory

To illustrate the ways in which culture can influence memory, we start

with an example in which sweeping sociopolitical forces emphasized learn-

ing of culturally-relevant symbols. Recognizing a conspecific is as important

to humans as it is to members of other species. Face recognition, which is

essential in that process, depends upon finding a match between the face

and its representation in memory. The typical laboratory study of this ability

presents either a previously seen face or a novel face, and asks participants to

judge whether the face is “old” or “new.” Mao Tse Tung dominated polit-

ical and cultural life in the People’s Republic of China (PRC) for decades.
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During the latter years of his leadership, images of Mao in posters, photos,

and moving images on film and television were omnipresent. As a result,

Chinese adults were exposed to his images since early childhood, which

made his face highly familiar. To examine the fidelity of facial memory pro-

duced by perhaps tens of thousands of exposures to Mao’s face, Ge, Luo,

Nishimura, and Lee (2003) tested the recognition memory of participants

who were born and grew up in the PRC. Their memory of Mao’s face

exhibited what Ge et al. described as hyperfidelity. The participants could

spot minute, intentional distortions of Mao’s face (e.g., the distance between

his eyes). In fact, PRC participants were more accurate in recognizing small

distortions from memory alone than either East Asians from outside the

PRC or Caucasians were in recognizing such distortions using perception

of physically present, side-by-side photos. Arguably, in other cultures,

too, repeated exposure to culturally significant images or artifacts could

induce memories of great fidelity, a possibility that certainly deserves

further study.

Most of the work we will review in this section downplays contributions

of stimulus familiarity by either focusing on the processes and features of

memory, rather than the content per se, or attempting to equate the content

through controlled study episodes. The Ge, Luo, Nishimura, and Lee (2003)

study, however, serves as a reminder of the ways in which everyday memory

may differ from memory processes tested in the laboratory, particularly given

the importance of familiarity, which may trump other cultural influences on

memory.

2.1 Autobiographical memory
Some of the most robust findings of cultural differences in memory rely on

comparing autobiographical memories, those memories of past episodes

from one’s own life. For example, remembering the party for your 10th

birthday or your child’s graduation ceremony from college would be exam-

ples of autobiographical memories. These types of memories are marked by

rich visual imagery and a temporal sequence of events that can be replayed.

Differences emerge across cultures in the content of autobiographical mem-

ories. These are in-line with cultural differences in independent versus

interdependent construals of the self: Americans shared more memories in

which they served as the central character, coded based on the proportion

of mentions of self versus others, and Chinese shared more memories that

had a relational group-orientation, coded based on the number of mentions
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of social interactions (Conway, Wang, Hanyu, & Haque, 2005). These

different features also emerged across Caucasian- and Asian-Americans for

recalling autobiographical memories from their personal past but also when

recalling a story learned in the lab (Wang & Ross, 2005). Moreover, there

were cultural differences in the specificity of the memories, with Caucasian

Americans tending to recall more specific episodes that occurred in one

moment in time (e.g., one particular holiday party) but Asian Americans

recalling more general memories of re-occurring events (e.g., traveling to

grandmother’s house every year for the holidays). This cultural difference

in specificity between European Americans and Chinese extends to imag-

ining future personal events (Wang, Hou, Tang, & Wiprovnick, 2011),

as shown in Fig. 1.

Interestingly, the implications of recalling autobiographical memories

with high amounts of detail vary across cultures. Whereas a substantial body

of research on Westerners implicates overgeneral autobiographical memory

as a risk factor for depressive symptoms (Dalgleish & Werner-Seidler, 2014;

S€oderlund et al., 2014) recent work in Chinese and Asian American young

adults suggests the opposite: that retrieving autobiographical memories with

more specificity is associated with higher reports of depressive symptoms and

negative affect (Wang, Hou, Koh, Song, & Yang, 2018). Thus, the speci-

ficity of autobiographical memory may play a rather different role in mental

health in different cultural contexts, with Wang and colleagues arguing this

reflects the fit of a person within their cultural setting (e.g., those with a

memory style inconsistent with their culture will have poorer psychological

well-being).

2.2 Episodic memory for objects
The ways in which autobiographical memory reflects the self and social con-

ventions for conversation and narrative style, as we will discuss in the next

section, make it somewhat unsurprising that the contents and features of

autobiographical memories differ across cultures. But what about when peo-

ple from different cultures encode the same externally-presented items

under the same conditions and make standardized decisions about the con-

tents of their memory? Such an approach equates the content of information

to be encoded and retrieved, and matches retrieval demands.

A series of studies has investigated cultural differences in the detail with

which object information is remembered. Whereas Americans and East

Asians might both recognize that they previously studied a picture of an
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Fig. 1 Cross-cultural differences in autobiographical memory. Compared to Chinese, European Americans retrieve more specific autobio-
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operationalized as non-episodic information (e.g., semantic information; events that extended beyond a specific time and place).
Figure reprinted with permission from Wang, Q., Hou, Y., Tang, H., & Wiprovnick, A. (2011). Travelling backwards and forwards in time: Culture
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ice cream cone, Americans are more attuned to the precise visual details of

the item (i.e., specific memory; whether the exact same picture of an ice

cream cone appears on the recognition test). Americans have higher levels

of recognition for previously seen “same” items than East Asians (Millar,

Serbun, Vadalia, & Gutchess, 2013). In contrast, cultures do not differ for

general memory for items. That is, Americans and East Asians are equally

able to recognize that an ice cream cone was studied earlier, regardless of

the precise perceptual details. These patterns are shown in Fig. 2. Cultural

differences in memory specificity are robust, emerging for items presented

with or without a background (Millar et al., 2013), for information that was

neutral or emotional (Mickley Steinmetz, Sturkie, Rochester, Liu, &

Gutchess, 2018), for encoding under different instructions (Paige,

Amado, & Gutchess, 2017), and when accounting for individual ratings

of emotional intensity or congruency of the items and context (Mickley

Steinmetz, et al., 2018). The advantage in specificity for Americans can

extend to backgrounds as well as objects (Mickley Steinmetz et al., 2018),

although this tendency for cultural differences does not always emerge as

strongly for backgrounds (Millar et al., 2013).
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Fig. 2 Cross-cultural differences in episodic memory for items. Compared to Chinese,
European Americans recognize items with more specific details whereas the cultures
do not differ in general memories. Here, specificity is operationalized as recognizing
the specific item studied earlier (e.g., recognizing one specific ice cream cone), and gen-
eral is operationalized as knowing an item of that type was studied earlier (e.g., recog-
nizing that an ice cream cone was studied earlier, regardless of perceptual details).
Figure reprinted with permission from Millar, P. R., Serbun, S. J., Vadalia, A., &
Gutchess, A. H. (2013). Cross-cultural differences in memory specificity. Culture & Brain
1, 138–157. https://doi.org/10.1007/s40167-013-0011-3.
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2.3 Candidate mechanisms
Although there have been robust demonstrations of cultural differences in

the specificity of memory, the mechanisms are not well understood. There

is some evidence that the self-concept and social forces can shape the qual-

ities of autobiographical memories, but it is unclear whether these same

factors contribute to cultural differences in object memory. In this section,

we will consider some of the candidate mechanisms.

2.3.1 Self and social mechanisms
As is the case for much of cross-cultural research, the source of the differ-

ences in memory specificity is typically thought to be social. One important

component could be the self-concept. Cultural differences in autobiograph-

ical memory have been associated with differences in the emergence of the

self. Americans report first autobiographical memories that occur nearly

6 months earlier than those of Chinese. As the emergence of autobiograph-

ical memory ability is thought to reflect the development of a concept of an

autonomous self, the earlier emergence of autobiographical memory could

reflect the emphasis on self and individuality in Western cultures (Wang,

2001, 2006). Likewise, adopting an individual differences approach supports

the notion that the self is reflected in what is remembered, as those individ-

uals who describe themselves in a more self-focused manner convey mem-

ories that are more specific and self-focused (Wang, 2001). According to this

perspective, the way one thinks about oneself via the self-concept could

determine the importance of remembering and conveying specific details.

Emphasizing one’s uniqueness may rely on noting the distinctions and points

of contrast with others, which could rely on attention to specific details.

To supplement an individual differences approach, the role of self-

concepts and cultural mindsets can be experimentally tested using priming.

Individuals temporarily bring different concepts of the self to mind; this can

be achieved by asking individuals to think of themselves in different ways,

such as emphasizing their individualistic sense of self (e.g., what makes you

unique?) or their collective self (e.g., what are your group memberships?).

For bicultural individuals, this also can be achieved by making either their

Asian or American identity salient. In terms of the effects on autobiograph-

ical memory, priming can alter the individualistic versus collectivistic con-

tent of autobiographical memories, as well as the number of characters and

interpersonal interactions retrieved in the memory (Wang, 2008; Wang &

Ross, 2005).
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One component key to developing both the self and autobiographical

memory is communication style. Research has examined the ways in which

parents interact with children to shape their narratives and reminiscences

(Nelson & Fivush, 2004). Such interactions work to reinforce and empha-

size the retrieval and elaboration of certain details, in the case of Westerners,

and relational aspects, in the case of Easterners (Wang, 2006). Thus, parent-

child communication represents one way in which cultural values can be

transmitted and internalized at a young age.

2.3.2 Cultural traditions of thought
Cultural differences in cognitive style are another potential mechanism that

could account for differences in the specificity of memory. Differences in

cultural traditions of thought focus on Chinese and Greek societies, which

historically differ markedly in philosophical and scientific traditions (Nisbett,

2003; Nisbett et al., 2001). Chinese culture, thought to shape much of

Eastern thought, places great emphasis on the obligations to others and

the importance of the group, whereas Greek culture, argued to shape much

of theWestern style of thought, emphasized independent agency. These dif-

ferences are reflected in the herding tradition for Greeks, in which individ-

uals work independently, and the farming tradition for Chinese, in which

cooperation is beneficial. Styles of logic differed, with Greeks emphasizing

rules and analysis of parts whereas Chinese emphasized continuity and dia-

lectical thinking, in which seeming contradictions can be resolved harmo-

niously. Through this perspective, cultural differences in cognitive style

were thought to arise from differences in holistic versus analytical styles of

information processing, and differing levels of attention to the field versus

the object.

Subsequent work adopted an approach that targeted the influence of spe-

cific types of agricultures on cognitive styles. Beyond differences across

regions of the world in herding versus farming traditions, farming can be

further divided into wheat versus rice agricultures. This distinction is impor-

tant because growing rice requires more cooperation to develop irrigation

networks and a much larger investment of labor, compared to growing

wheat. In a study comparing regions of China with different agricultures,

the tendency for interdependent, holistic thinking emerged more for

rice-growing than wheat-growing regions (Talhelm et al., 2014).

A more analytic perspective can be related to an object-focus, in which

objects are separated from their underlying context. In contrast, a more

holistic perspective prioritizes context, interpreting objects in terms of their
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environment. Distinctions between analytic and holistic processing styles

have been suggested to account for cross-cultural differences in attention

and memory for complex information. For example, after viewing vignettes

of fish swimming in underwater scenes, Easterners described background

information (e.g., the color of the water, the relation between items) far

more than did Westerners, who tended to focus on the focal objects. More-

over, Easterners’ memory for objects from the scenes was more disrupted by

changes to the background than was Americans’ memory (Masuda &

Nisbett, 2001). Additional evidence for greater processing of objects by

Westerners stems from a fMRI study revealing greater activation in several

object processing regions during the viewing of complex scenes, consisting

of an object placed on a background, forWesterners compared to Easterners

(Gutchess, Welsh, Boduroglu, & Park, 2006). In addition, adaptation to

familiar, repeated objects was attenuated in Eastern compared to Western

older adults (Goh et al., 2007). This finding converged with others to suggest

greater sensitivity to objects for American older adults, though this cultural

difference did not extend to younger adults.

Based on these distinctions, an analytic processing style, as opposed to

a holistic one, could induce a focus on detail, including an influence on

what information is captured in memory. A Western analytic orientation

could lead to de-contextualizing information and emphasize breaking it

in to parts, which could enhance attention to details. Because cognition

occurs in complex environments, there are necessarily tradeoffs, or bottle-

necks, in what information is attended to and selected for further processing.

Cultural background determines some of these tradeoffs, acting as a lens

to help direct and prioritize details and objects for Westerners and context

and relationships for Easterners (Gutchess & Indeck, 2009; Gutchess,

Schwartz, & Boduroglu, 2011).

2.3.3 Environmental affordances
The structure of the physical environment also could signal what informa-

tion is important, based on what stands out as novel and distinctive and what

blends into the background. These aspects of complex environments could

direct attention and prioritization of information for future processing.

Comparison of photographs of scenes from small, medium, and large cities

in the United States and Japan revealed that outdoor Japanese scenes tended

to contain more objects than the American scenes, regardless of the size of

the municipality from which the scenes came (Miyamoto, Nisbett, &

Masuda, 2006). Although one might have expected that the object-focus
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in Americans would be reflected in an object-rich environment, the findings

may suggest that the large number of objects in the Japanese scenes actually

operate to bias attention away from individual objects. After all, in an object-

rich environment, individual objects are no longer as meaningful and do not

attract as much attention. Thus, a relatively object-poor environment may

afford greater attention to individual objects. (see Section 3.5 for further

discussion of this study).

2.3.4 Response bias
It could be the case that cultures simply differ in their preference for detail. In

this case, Westerners remember details more because they prefer them.

According to this possibility, Westerners would both express a preference

for more detail as well as preferentially encode and retrieve more detail from

memory. To reconcile this with the findings presented above regarding

environmental affordances, it may be that the object is the wrong level of

analysis to consider and instead, cultural differences should emerge with

Western cultures having more details and features within each object. This

idea can be evaluated using data from cultural products. One study adopted

such an approach, finding that Easterners’ webpages and conference posters

containedmore details, or were more information-rich, than those byWest-

erners (Wang, Masuda, Ito, & Rashid, 2012). Thus, these findings seem to

argue against the possibility that the more specific memory in Westerners

simply reflects a preference for detail.

A related possibility is that cultural differences in memory for details is

primarily a function of response bias. That is, rather than differing in the abil-

ity to discriminate old from new information in memory, memory perfor-

mance reflects how stringent or lenient one is in deeming information “old.”

There is some evidence for this possibility, as a signal detection approach to

analyze some of our data indicated a less stringent response criterion for

Americans than Chinese (Paige, Amado, et al., 2017). That is, Americans

could have a stronger tendency to claim information is presented with

the same details as items seen before, rather than precisely discriminating

old from new details. However, this is inconsistent across our studies, with

some evidence for cultural differences in the ability to discriminate “same”

from “similar” information (Leger & Gutchess, 2019), rather than a cultural

difference in response criteria. These mixed findings could indicate that

multiple mechanisms contribute to cultural differences in memory specific-

ity, with some impacting the fidelity with which information is retained in

memory traces and others impacting the ways in which one interacts with
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tasks and decisions. One might predict that perceptual mechanisms would

contribute more to sensitivity in memory whereas stable cultural values

or moment to moment variation in one’s self-construal or mindset would

play a larger role in response biases.

2.3.5 Evaluating the mechanisms
Factors related to the self and social interactions may well shape the infor-

mation contained in autobiographical memory, to the extent that these nar-

ratives serve as reflections of the self-concept and what one desires to

communicate to others about oneself and one’s alliance with social norms

(e.g., conveying episodes in detail). However, it is harder to account for

why these interpersonal factors would account for differences across cultures

in the specificity of memory for objects and scenes. It is possible that such

tendencies in autobiographical memory extend to other aspects of episodic

memory, but there would be expected to be limits to how much these ten-

dencies are reflected in unconscious, or implicit, memory or lower-level

memory processes.

Methods that illuminate the role of independent versus interdependent

self-construals using experimental manipulations of cultural mindset have

not been effective thus far in memory studies with objects. In our hands,

priming manipulations have not impacted what type of information is

remembered; inducing Americans to think of the self in a more independent

versus interdependent manner, using the same types of manipulations that

have proven successful in other studies, does not mimic cultural differences

in memory (Garner, 2015; Lee & Gutchess, 2010). It may be that priming

a cultural mindset does not have long-lasting effects that persist throughout

encoding and retrieval phases of memory that unfold over several minutes.

Indeed, our studies contained a high number of trials that could allow

priming effects present at the beginning of encoding or retrieval to dissipate.

Or it may be that other factors (e.g., emotional content, self-relevance,

semantic content) exert stronger impacts on what is remembered, compared

to the influence of one’s temporary frame of mind. In contrast to the findings

for autobiographical memory, direct support is lacking to indicate that

social factors underlie cultural differences in memory for objects. However,

stronger tests are needed, including comparisons across autobiographical

and object memory (e.g., do the same individuals who produce the most

detailed autobiographical memories also remember objects in the most

detail?), use of individual difference measures of cultural values, and stronger

manipulations of cultural mindset.
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There also is a lack of support for the notion that cultural differences in

relative attention to objects versus backgrounds contributes to the amount of

detail contained in memory. Americans tend to remember objects, as well as

backgrounds, in more detail than Easterners (Mickley Steinmetz et al., 2018;

Millar et al., 2013), so the cultural differences in specificity are not limited to

objects. We also did not find evidence for any relationship between scores

on the Analysis-Holism Scale (Choi, Koo, & Jong An, 2007) and memory

performance (Garner, 2015), although we have not used this scale in

conjunction with a paradigm that explicitly investigated memory specificity.

The influence of environmental factors on memory specificity has yet to

be probed. This includes approaches testing whether different systems of agri-

culture (e.g., rice versus wheat farming) impacts the amount of detail retained

in memory, although this framework is often considered to reflect a social

focus on collectivism versus individualism. However, it is possible that

environmental affordances play a role in directing attention to detail. Such

mechanisms are very difficult to test, as their effects have developed over a

lifetime of experience, or perhaps as a function of early experience. There

has been some success using priming to temporarily re-direct attention within

scenes, such that exposing Americans to high-density scenes (which are more

typical of Japanese environments) can heighten the focus on context

(Miyamoto et al., 2006). Thus, at the very least it may be possible that

short-lasting exposure to different types of environments could influence

other cognitive processes.

Despite the challenges to identifying the mechanisms that account for

cross-cultural differences in memory specificity, there are some important

constraints to consider when thinking about what types of processes can

account for these cultural differences. Developmental evidence suggests that

3- and 4-year-old American children are more object-focused and attentive

to parts, compared to Japanese children who exhibit a more relational focus

(Kuwabara & Smith, 2012, 2016). Therefore, it seems that these cultural dif-

ferences emerge early in life, and before children are exposed to formal edu-

cational systems or are literate, though we do acknowledge that exposure to

systems of written language in the environment could play some role at even

an early age (e.g., given that character spacing and features could be denser or

direct attention to finer details in one language compared to another).

In our recent work, we have started to consider whether early life visual

experiences that differ across cultures could contribute to long-lasting differ-

ences in perception and memory throughout the lifespan. Our reasoning is

informed by neural data suggesting that these cultural differences indicate
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effects of cognitive or perceptual processes rather than social ones. In a recent

fMRI study investigating cultural differences in memory specificity, left

fusiform and hippocampal activations differed across cultures (Paige,

Ksander, Johndro, & Gutchess, 2017). These regions responded more for

same than similar items, and this difference was larger for East Asians than

for Americans. Taking the analyses a step further and beyond the domain

of memory, we attempted to classify participants according to cultural group

based on patterns of neural activity during the viewing of pictures of objects.

The only region to emerge in which object representations differed between

East Asians and Americans was in left occipital cortex, in BA 18/19

(Ksander, Paige, Johndro, & Gutchess, 2018; see Fig. 3). The emergence

of this region indicated pervasive differences in the coding of information

across cultures in secondary visual cortex. In the next section, we will review

the history of studying culture’s influence on visual processes. Our aim is to

examine possible links between perceptual processes and cultural differences

in the specificity of memory.

3. Influences of culture on perception

The senses are our lifelines to the physical environment and to our

social environment as well. Sensory information allows us to evaluate the

state and possible changes in our environment, take actions appropriate

for our goals, and predict the consequences of potential actions. Although

physical stimuli are crucial for perception, it has long been recognized

that they are far from the sole determinants of perceptual experience.

Fig. 3 Activity in visual cortex differs across cultures. The region in occipital cortex,
spanning Brodmann areas 18 and 19, in which the pattern of neural activity reliably dif-
fers across cultures during the viewing of pictures of objects. Figure reprinted with per-
mission from Ksander, J. C., Paige, L. E., Johndro, H. A., & Gutchess, A. H. (2018). Cultural
specialization of visual cortex. Social, Cognitive, and Affective Neuroscience 13,
709–718. https://doi.org/10.1093/scan/nsy039.
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For example, about 10 centuries ago, the Arab scientist Al Hazen wrote

about the ways that perception is shaped by variables such as attention

and goals (Howard, 1996). In the centuries since, perceptual researchers

have adopted and accepted that idea, particularly in their acknowledgment

that any perceptual experience is ultimately an inference, an educated guess,

not an unfailing guide to every aspect of a stimulus (Gregory, 1997;

Helmholtz, 1886/1962; Kersten, Mamassian, & Yuille, 2004).

Fig. 4 calls out a few ways that culture can influence visual perception.

Consider the street scene shown at the figure’s left side. Suppose an onlooker

has a task—find and speak to some friend who may be there. To accomplish

that, the viewer’s gaze selects an object to focus on, in this example a person

who looks like her friend. That selection is based on the viewer’s knowledge

of what the scene is (a street in a town), what is likely to be in that scene (cars,

shops, and pedestrians), where various objects are likely to be (people on the

sidewalk and not climbing up the side of a building), plus some memory of

what her friend looks like. The point is that we draw upon memory and

prior knowledge when we use our vision to guide a decision about whether

it is safe to do something as simple as crossing the street, or about whether

our friend is present or not. And we learn from the consequences of our per-

ceptual decisions, updating, as needed, our assumptions about the scene in

front of our eyes. Perhaps, the friend has a new hairdo and glasses, so that our

memory of her has to be revised. Notice that the information falling on the

retinas of the eyes provides a start to the process, but many other factors play

their roles as well. And this is where culture comes into the picture.

Fig. 4 Key culture-sensitive influences on visual perception. See text for explanation.
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3.1 Direct versus indirect genetic influences on culture
Like other organs and components of the human body, the capabilities of our

sense organs and brain depend upon their genetic endowments. Some forms

of color vision deficiency, such as so-called red-green color blindness, are

common, particularly among males (because the relevant genes are located

on the X-chromosome). These mild genetic abnormalities usually have only

moderate impact on everyday activities. That contrasts to the consequences of

a total inability to distinguish among colors, achromatopsia, which is rare and

is associated with several other ocular problems, including extremely poor

visual acuity and extreme sensitivity to bright light. Although across the world

achromatopsis is rare, in one culture it is fairly common, and unlike common

forms of color deficiency, affects both males and females. On the Pingelap

Atoll in the South Pacific, nearly 10% of the population—a prevalence thou-

sands of times what is found elsewhere—has no ability whatsoever to distin-

guish colors. They can distinguish among different brightnesses, but color

discrimination is out of reach. Their other ocular abnormalities have serious

consequences. “Most of those born with (the disorder) never learn to read,

because they cannot see the teacher’s writing on the board; they have less

chance of marrying—partly because it is recognized that their children are

likelier to be affected, partly because they cannot work outdoors in the bright

sunlight, as most of the islanders do” (Sacks, 1997, p. 46).

A far more common ocular defect throughout the world is myopia, a

condition that makes it difficult to see distant objects clearly. Myopia has

clear genetic origins, but is influenced by environmental and life style factors

as well. For example, taking breaks after 30min of continuous reading and

performing at least 2h of outdoor activity per day afford some protection

against worsening myopia (Huang, Kawasaki, Liu, & Wang, 2019). Testing

groups of young Italians who hadmild-to-moderate myopia (refractive error

less than �5.0 diopters) revealed that relative to non-myopic controls, the

myopes showed significant visual attentional deficits (Turatto et al., 1999).

They were slowed down on both Posner’s cueing task (Posner, Snyder, &

Davidson, 1980) and on a simple visual search task. These deficits emerged

even though vision was corrected, indicating that early experiences before

vision is corrected could nevertheless lead to long-lasting changes in visual

attention. Although the myopes were less efficient when attention was

externally cued, interestingly they showed essentially no deficit on a volun-

tary (endogenous) attention task. Importantly for studies of cultural influ-

ences on perception, myopia is widespread among certain Asian

populations; for example, more than 85% of university students recently
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studied in Nanjing were myopic (Huang et al., 2019), many severely so. If

the results from the Posner curing task replicate, one would anticipate that

cultures with a high proportion of myopes would be characterized by poten-

tially consequential slowing of responses to attentional shifts in response to

external signals, particularly unexpected signals in the periphery of the visual

field. These attentional effects aside, myopia’s disproportionate prevalence

in particular cultural groups should be taken into account by researchers

interested in culture’s influence on visual perception. Every test participant,

regardless of cultural background, should be carefully refracted and be

optically well corrected during testing.

3.2 Cultural differences in color perception
Starting from a study of classical Greek literature (Gladstone, 1858) and

anthropological data (Geiger, 1880), scholars have been interested in how

culture and color perception are connected. Interest in this connection is

fed in part by a near-universal human curiosity about whether what we

see is the same as what other people see. However, when it comes to answer-

ing such questions, the details of test conditions and the tasks used to produce

answers are extraordinarily important. Because both color perception and

culture are each so complex on their own, results on possible connections

between the two have to be evaluated with extra care. A particularly salient

demonstration of this point comes from one study of the linkage between

color perception and culture, notably, cultural differences as expressed in

linguistic habits. Mitterer, Horschig, M€usseler, and Majid (2009) presented

a series of yellow-to-orange discs and asked German and Dutch subjects to

categorize each one disc as yellow or orange. To test cultural differences,

discs were shown superimposed on the middle position of a traffic light that

customarily has red in the top position and green in the bottom. The color of

the light in a traffic light in the middle position differs slightly between

Germany and Holland. In Germany, the middle light is yellow (gelb), while

in Holland, the middle light is orange (oranje). Consistent with the difference

between the two countries’ practice, German subjects categorized more of

the yellow-to-orange test discs as yellow than did their Dutch counterparts.

This is an intriguing result, but does it mean that German and Dutch

test subjects see color differently? Not necessarily. As Firestone and Scholl

(2016) point out (p. 11), “it seems just as plausible that the subjects were

simply following convention, assigning the yellow-orange discs the socially

appropriate names for that context.”
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Excepting people who have a genetic abnormality of their photorecep-

tors (like the profoundly “color blind” individuals discussed earlier in the

chapter), the physiological bases of color vision are thought to be universal

for members our species. However, that does not mean that genetically

“normal” people from different cultures necessarily see the world in the

same way. Before light can reach and stimulate the retina’s complement

of photoreceptors, it must pass through and be filtered by pre-retinal struc-

tures whose characteristics may vary among cultures. Specifically, the spec-

tral characteristics and overall density of the ocular media, particularly the

lens, are altered by exposure to ultraviolet rays in sunlight (particularly

UV-B radiation) and/or dietary carotenoids (Bornstein, 1973). These factors

alter the density of “yellow” pigmentation of the ocular media, which

reduces the short-wavelength light that reaches the retina. Converging mea-

sures, including color naming and both psychophysical and electrophysio-

logical data, suggest that this reduced stimulation of short-wavelength

sensitive cones affects ability to distinguish among different stimuli in the

short-wavelength region of the spectrum (440–490nm). As a result, there

is a relatively strong argument for cultural differences in the physiological

determinism of color perception (Bornstein, 1973).

Because color naming is the easiest way to assay color perception, it is the

most common approach used in studies of culture and color perception.

However, color naming behavior falls well short of capturing every aspect

or dimension of color experience. Additionally, linguistic behaviors (e.g.,

color naming) are more susceptible to cultural conventions and learning

than are color vision phenomena determined at an earlier stage of visual

processing. For example, when random color samples are presented one

at a time, the number of color samples that can be named with perfect con-

sistency over repeated, random presentations is limited to as low as a dozen

(Boynton & Olson, 1987). However, with contiguous (or near-contiguous)

samples presented together, subjects can discriminate among well over a

hundred subtly different hues (Bornstein, 1973), even more if stimuli are

allowed to vary in brightness as well as hue. This gap between a dozen

and more than one hundred names reflects differential reliance on memory

and language (naming). In 1956,Whorf formulated an influential hypothesis

about the connection between language and cognition (and importantly for

our purposes, perception). One version of Whorf’s formulation, the

so-called “weak hypothesis,” holds that language does not determine cog-

nition, but merely shapes the way that cognitive information is used. Trans-

lating this to the case of color perception, language does not determine color

vision, but can influence the way that color information is used.
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One study provides a beautiful demonstration the important distinction

between language and color perception. The study focused on the percep-

tual impact of differences between Russian and English language names for

colors associated with the spectrum’s short-wavelength (blue) portion.

Unlike English, Russian makes an obligatory distinction between lighter

blues (goluboy) and darker blues (siniy), and unlike English, seems to have

no overarching term for blue. Winawer et al. (2007) asked whether this lin-

guistic difference would lead to differences in color perception. A match-to-

sample task with English and Russian speakers used as stimuli 20 different

color samples that spanned the siniy/goluboy border. As depicted in Fig. 5

(Panel A), three stimuli were presented simultaneously on each trial; partic-

ipants selected which of the two comparison squares matched the color of a

standard square. One of the two comparison stimuli was a perfect match to

the standard; the other comparison stimulus was chosen either to lie on the

same side of the siniy/goluboy border as the standard, or on the other side.

This generated non-matching comparison stimuli that either (i) fell into

the same siniy or goluboy category as the standard stimulus or (ii) fell into

the category opposite that of the standard. If linguistic effects on matching

Fig. 5 Language and Color Matching. Panel A. Spatially separated stimuli used by
Winawer et al. in demonstration of language’s impact on color match. See explanation
in text. Panel B. Alternative configuration in which abutting stimuli eliminates the
impact of language. Panel A taken from J. Winawer, et al. (2007), Russian blues reveal
effects of language on color discrimination, PNAS 104 (19) 7780–7785. Copyright (2007)
National Academy of Sciences, U.S.A.
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to sample were specific to the categories encoded in the language spoken by

subjects, Russian, but not English, speakers should be more impacted when

both color samples fell into the same, as opposed to different, linguistic cat-

egories that existed in Russian. That is precisely what the response time

results showed. The separation between the stimuli, about five degrees visual

angle (center to center), may have enabled linguistic categories to influence,

not perception directly, but the speed of subjects’ decisions about a match.

According to this view, language’s impact would be at a late decision stage,

not an early perceptual stage. As Winawer put it, “If you have two codes,

one visual and one verbal, and you are making a comparison across time

or across space, then the dual code can speed your performance when it’s

helpful (cross-category comparison)” (Winawer, personal communication,

May 2019). Of course, when the two codes are not in agreement, compar-

isons over time or across space would be slowed, just as the researchers

found. AlthoughWinawer et al. (2007)’s stimuli were separated across space,

they were not separated over time. A follow-up study eliminated the spatial

separation as well. When the stimuli on each trial were abutting (as shown in

Fig. 5, Panel B), the effect of the siniy/goluboy distinction vanished (Witthoff,

2007). To quote again fromWinawer, “By making the stimuli abut, there is

no need for a verbal code—you directly see the boundary.”

Earlier in the chapter, we noted that our definition of a culture entails not

only a culture’s geographic location and environment, but also the time

frame within which the culture is examined. After all, multiple factors

can promote cultural change. A culture can and does evolve over time,

which is certainly the case for a culture’s language and its color naming

habits, such as the color names used by members of a culture (Lindsey &

Brown, 2014). As researchers attempt to study connections between culture

and perception, a culture’s shifting sands have to be taken into account.

3.3 Culture-sensitive visual task demands
Fig. 4 identifies “task demands” as among the avenues by which culture could

impact perception. That point needs some explanation. Cultures differ in the

demands they make of their members, and fulfilling those demands, partic-

ularly ones that require considerable practice and effort, can change individ-

uals in multiple ways (Park & Huang, 2010). Neuroscience has shown that

extended practice on some task can substantially alter the brain. A pow-

erful example is the way that extensive practice playing a string instrument

alters the brain (Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995).
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But the brain is not the only organ that exhibits task-dependent plasticity;

the eye, too, adapts. Take one culture-related example of this fact. Because

of the optical properties of water are similar to those of the eye’s cornea,

when it is underwater, the naked human eye loses about two-thirds of its

refractive power. As a result of this reduced vision, without access to gog-

gles, members of a culture that depends upon retrieving food from the sea

floor would be hampered in that task. A group of people called the Moken

inhabit islands near Thailand. They spend much of their lives on the sea in

simple, handcrafted boats, fromwhich they dive for food on the ocean floor.

Remarkably, theMoken are able to dive to depths of more than 15m, with-

out googles or scuba gear, and still see remarkably well. Struck by the

Mokens’ uncanny ability to see clearly under water, Gisl�en et al. (2003)

measured the underwater visual acuity of Moken children, and found it

was twice that of age-matched European children. Further examination

showed that this ability was related to changes in the Mokens’ eyes: their

pupils could constrict to the maximum physiologically possible (increasing

the eye’s depth of field), and they could maximize their accommodation

(increasing the refractive power of the eye). The researchers speculated that

the Mokens’ remarkable ocular changes provided important benefits to them

in lives completely dependent upon the sea. A few years after their initial study

of the Mokens, the same researchers demonstrated that the Mokens’ superior

underwater vision reflected ontogenetic changes rather than inherited

changes in the eye (Gisl�en, Warrant, Dacke, & Kr€oger, 2006). After a month

of extended underwater training, followed by several months of underwater

activities, a group of European children showed underwater visual acuity

comparable to that of the Moken children tested previously. Moreover,

the European children’s improved acuity seemed to depend upon the same

ocular changes that had been seen in their Moken counterparts.

3.4 Culture-sensitive influences on perceptual hypotheses
The street scene at the left side of Fig. 4 is a reminder that in everyday sit-

uations, sensory cues are not processed in isolation; they usually come with a

history of experiences and learning. The cars in that scene do not carry signs

advertising their speed or how long it would be until they reach the cross

walk. Instead, the perception-based decision to walk across the street entails

hypotheses based on prior experiences—estimates of a car’s speed, the like-

lihood it might stop at the crosswalk, and so on (Gregory, 1997; Helmholtz,

1886/1962; Ma, 2012). One avenue for exploring how hypotheses impact
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perception is to study responses to stimuli designed to induce visual illusions.

The rationale for using visual illusions for insight into cultural influences on

perception was captured nicely by Gregory (1997): “The recognition that

perception entails experience-based hypotheses has animated researchers

to study cultural influences on perception using performance with geomet-

ric illusions for test material. Errors of perception (phenomena of illusions)

can be due to knowledge being inappropriate or being misapplied.” So it is

understandable that illusions have been much used in investigations of

vision’s cognitive processes.

Cross-cultural tests with geometric illusions date back well over

100 years, to Rivers’ (1901) observations with the M€uller-Lyer illusion.
With the most common form of stimulus for that illusion, participants see

two lines, one terminated with “fins” or “tails” that form an acute angle,

and another terminated with “fins” or “tails” that form obtuse angles. When

the lines are of equal length, participants tend to judge the line with obtuse

angle terminators longer than the line with acute angle terminators. Finding

that European participants showed larger illusion responses than did indig-

enous inhabitants of an island off Australia, Rivers suggested that the two

groups’ differential experience with rectilinear environments was the cause.

Half a century later, this result was confirmed and expanded when Segall,

Campbell, and Herskovits (1963) tested more than 1500 participants,

including children and adults, from the Philippines and North America,

and frommultiple sites in Africa. Their results largely confirmedwhat Rivers

had found, which they also attributed to participants’ differential daily expe-

rience with the many man-made rectilinear buildings in their visual worlds.

As they put it, participants’ differential experience could be “related to the

tendency to interpret acute and obtuse angles on a two-dimensional surface

as representative of rectangular objects in three-dimensional space. This

inference habit is much more valid in highly carpentered, urban European

environments, and could enhance or even produce” the illusion.

Segall and colleagues followed Rivers’ lead again by also testing partic-

ipants with the Horizontal-Vertical illusion. In that illusion, the length of a

vertical line tends to be over-estimated relative to that of a horizontal line.

Cultural groups that produced larger M€uller-Lyer illusory responses tended
to produce smaller Horizontal-Vertical illusory responses, although the cor-

relation was far from perfect, supposedly because different environmental

influences were at work for the illusions. Specifically, Segall et al. (1963)

explained the Horizontal-Vertical result as “the result of an inference habit

of interpreting vertical lines as extensions away from one in the horizontal
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plane.” That habit presumably would have differed among the groups they

tested because of their differential exposure to flat, open terrain. After all, the

test groups’ physical and cultural environments comprise the settings in

which individuals live and learn to make perceptual distinctions about

variables such as relative distance and size.

Pollnac (1977) probed this environmental explanation of theHorizontal-

Vertical illusion further, testing 21 small-scale fishermen who lived on an

island off the coast of Costa Rica and went to sea on small boats in order

to fish. At the time of testing, all of them had to judge distances on the open

waters without the aid of any navigation devices, basing their judgments

solely on visual estimates of distance and time elapsed to go from one loca-

tion to another. Tests were conducted with two different stimuli both of

which had been used previously to measure the illusion: a pair of intersecting

lines that formed a backward L, and a pair of intersecting lines that formed an

inverted letter T. The backward L configuration produced only a weak

effect (as others had seen previously), but the more robust stimulus, the

inverted T, not only produced a healthy illusion, but the size of the illusion

was strongly correlated with the number of years of experience as a fisher-

man (r ¼�0.628). So the more time spent in the flat marine environment,

the more susceptible a participant was to overestimating the length of the

vertical line.

There are a number of reasons to be cautious about unquestioning accep-

tance of results from these and other influential cross-cultural studies with

geometric illusions. To illustrate, we can focus on possible issues connected

to the many sets of results with M€uller-Lyer illusion. First, in a careful, con-
trolled study with 159 participants, the test-retest reliability of that illusion

was poor, 0.08 in one experiment, and 0.20 in a second one (Grzeczkowski,

Clarke, Francis, Mast, & Herzog, 2017). Second, the magnitude of the

M€uller-Lyer illusion was not correlated significantly with the magnitude

of another illusion, the Ponzo illusion (Grzeczkowski et al., 2017), which

is also thought to reflect pictorial depth cues that project retinal images geo-

metrically similar to those projected by three-dimensional objects. Third, as

mentioned earlier, the magnitude of theM€uller-Lyer illusion was defined by
judgments that compared the relative sizes of two lines, one terminated with

obtusely angled fins and one terminated with acutely angled fins.

Deregowski (2013) pointed out that just one of the two stimuli is configured

in a way that is actually consistent with the retinal projections cast by

“carpentered” objects. Specifically, “the interfin angles (the smaller of the

two angles made by the fins) of the M€uller-Lyer figure must lie between
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90° and 180° for the figure to be similar to a projection furnished by a

cuboid.” Consistent with Deregowski’s point, the illusion can be measured

separately for M€uller-Lyer figures with acutely and obliquely angled fins.

Comparing the perceived length of each against a straight, fin-less line made

it clear that the two stimuli, obliquely angled and acutely angled fins, exert

distinct effects, which differ in magnitude (Sekuler & Erlebacher, 1971). To

complicate matters further, it may be that the angled fins, so critical for the

culture-related pictorial depth cue explanation, may not actually even be

necessary to produce the illusion (Woloszyn, 2010), so the case for cultural

impact on illusions at least this one illusion, seems inconclusive.

Finally, theories linking culture-related visual experience to the Muller-

Lyer illusion must overcome demonstrations that several species of non-

human animals seem to experience that illusion much as humans do

(Pepperberg, Vicinay, & Cavanagh, 2008; Sovrano, da Pos, & Albertazzi,

2016; Suganuma, Pessoa, Monge-Fuentes, Castro, & Tavares, 2007).

3.5 Culture-sensitive differences in distribution of attention
As mentioned earlier, for at least 1000 years it has been understood that

attention plays a crucial role in perception. Although there remains some

disagreement about what attention actually entails and about how it is

implemented, researchers have shown that compromised attention can

severely diminish perception (e.g., Mack & Rock, 1998; Simons &

Schlosser, 2017; Taylor, 2017). Several different variables can influence

the deployment of attention, and some of these variables are influenced,

in some way, by cultural norms. For example, people who live in an urban

setting like the one shown in Fig. 4 early on learn the value of shifting atten-

tion to the left and right before crossing the street. So the physical environ-

ment occupied by some culture can encourage characteristic habits of

attention, as illustrated by one particularly elegant study. We have already

considered evidence that living in unusual physical environments, such as

marine environments, alters perception, as well as briefly mentioning ways

in which physical environments can differentially afford processing of infor-

mation. We will now further explore the latter idea, explaining how

subtle differences between environments can promote distinctive habits

of attention, and how these habits can affect perception.

In order to compare the typical physical environments occupied by aver-

age Japanese and Americans, Miyamoto et al. (2006) randomly sampled and

photographed several types of public institutions in comparable small,
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medium, and large cities in both countries. Fig. 6 shows a few of the

resulting photographs. Miyamoto et al. used two methods, one subjective

and one objective, to capture potentially important differences among the

Japanese and American environments. To generate subjective estimates,

they had judges from both cultures rate the photographs on several different

characteristics, including how chaotic or organized the scene appeared to be,

and how many different objects were visible in the scene. From the ratings,

the researchers derived a composite score, which confirmed that Japanese

and American environments differed significantly, particularly when the

environments were those of large cities. To generate objective measures

of the images, a computer image processing program analyzed the photo-

graphs, producing for each an estimate of the number of different objects

that were in each photograph. The result was clear: The Japanese perceptual

Fig. 6 Cultural differences in scene complexity. Examples photographs of American
schools and hotels (upper rows) and Japanese schools and hotels (lower rows) used
in study by Miyamoto, Nisbett, and Masuda (2006).
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environments tended to contain more objects, again, with the cultural dif-

ferences being exaggerated for larger cities. So both subjective and objective

measures point to a systematic difference between the two cultures’ environ-

ments: In comparable settings, Japanese environments tend to include more

items than American environments. Although Miyamoto et al. did not

directly measure the spatial distributions of items in the two cultures’ envi-

ronment, the laws of physics tell us that two items cannot occupy the same

space at the same time. So Miyamoto et al.’s results imply that objects in

Japanese environments are more likely to be spread out, distributed across

the environment rather than concentrated at one location.

Next, these researchers examined how the culture-related difference

in items’ spatial distributions might affect perception. For that purpose

they devised a paradigm comprising two stages: first, a form of prim-

ing (Tulving & Schacter, 1990), and, second, a change blindness test

(Rensink, 2000; Simons & Levin, 1997). Because participants in change

blindness experiments are not told ahead of time whatmight change, the task

taps into a basic component of perception, one that is important in everyday

activities: the ability to spot when something in the environment has chan-

ged. In the study’s initial priming phase, participants were shown photo-

graphs of either a Japanese environment or an American environment.

The purpose was to prime or sensitize participants either to environments

known to contain just a few items, or an environment that held more, spa-

tially distributed items. These priming stimuli had been tested previously,

but with different participants. The change blindness phase measured partic-

ipants’ recognition of a change between two presentations of a culturally

neutral scene. In some cases, the change entailed a focal (central) object,

in other cases, the changed object was more contextual, such as the location

of a truck. Approximately half the participants were undergraduates at an

American university (n ¼30), about half were undergraduates at a Japanese

university (n ¼32).

Two results are especially important for understanding how culture

influences perception. First, Japanese participants were significantly more

likely than their American counterparts to spot a change in an object that

was located away from the very center of a photograph; second, for both

groups of participants, having been exposed to (primed with) a photograph

of a complex (Japanese) environment containing many items made them

more likely to spot a change in an object located away from the test photo-

graph’s center. These results suggest that culture exerts at least two different

but related influences, which play out on different time scales. The overall
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difference between the two groups of participants points to some longer-

term, more stable influence; the immediate effect of a priming stimulus

on subsequent change detection suggests that the longer-term influence

can be modulated, at least temporarily, by short-term exposure to an envi-

ronment. Finally, Miyamoto et al. acknowledge that their study leaves an

intriguing question unanswered, namely, why do Japanese, and presumably

Asians more generally, seem to prefer and to construct relatively complex

environments?

3.6 Perceptual changes with cultural change
We have already seen evidence that living in unusual physical environments

alters perception. Nowwe will consider a few studies of people whose envi-

ronment is radically different from those of cultures discussed so far. The

Himba, about 50,000 people who inhabit harsh desert conditions in northern

Namibia andZambia, comprise a remote semi-nomadic culturewithminimal

influences from outside their group. The photos in Fig. 7 depict the landscape

of the Himba’s traditional land (A), and some Himba dwellings (C). Like

other indigenous peoples, the Himba are not immune to change as the

world moves toward greater urbanization (Dye, 2008). Although that

change is likely to disrupt the Himba’s traditional way of life, it does open

an opportunity to study how culture-related perceptual characteristics

change in response to lifestyle change. Several research groups have recently

exploited this opportunity, including looking into the way that urbaniza-

tion alters the Himbas’ basic perceptual functions and attention biases.

Earlier, we discussed differences between the attentional habits of

Americans and Japanese. Overall, the literature suggests that compared

Fig. 7 Typical scenes in the world of the Himba. The typical scenes show (A) a landscape
in northwestern Namibia, the Himba homeland; (B) a Himba encampment (the stick
fence in the background serves as a corral for the livestock); and (C) a dung-and-stick
hut typical of Himba dwellings. From Biederman, I., Yue, X., & Davidoff, J. (2009). Repre-
sentation of shape in individuals from a culture with minimal exposure to regular, simple
artifacts: Sensitivity to nonaccidental versus metric properties. Psychological Science 20,
1437–1442. https://doi.org/10.1111/j.1467-9280.2009.02465.x.
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to Westerners, such as Americans, people from East Asia, including Japan,

showwhat has been termed a global bias. This refers to the tendency to give

greater priority to global, contextual information in a variety of cognitive

tasks, not just when detecting changes in a visual scene (Miyamoto et al.,

2006), but also in recalling what they had just seen (Masuda & Nisbett,

2001). On a variety of tasks, traditional, non-urbanized Himba demonstrate

a striking degree of bias toward processing local rather than global features, a

bias that diminishes with exposure to an urban environment.

Take two examples, starting with brightness contrast, a low-level visual

phenomenon in which the perceived brightness of one region is altered

by variation in the luminance of a surrounding region (Blake & Sekuler,

2006). This phenomenon arises from local physiological interactions within

the visual system. Linnell, Bremner, Caparos, Davidoff, and de Fockert

(2018) measured this effect inWesterners, as well as in two groups of Himba,

one living in the traditional manner, and one somewhat urbanized.

Remarkably, the groups differed in the strength of what has been taken

to be low-level visual effect: traditional Himba showed a considerably

greater contrast effect than did the other groups. Along with results from

the same participants on another low-level visual phenomenon, White’s

illusion (White, 1979), the researchers suggested that urbanization altered

the tendency for local processing, causing the urbanized Himba to integrate

luminance across a wider swath of the field. Using very different perceptual

tasks, Caparos et al. (2012) demonstrated a complementary result: a local

perceptual bias among traditional Himba that diminished with urbanization.

Relating just one of their experiments will illustrate this point. That exper-

iment measured the magnitude of a geometric illusion in four different

groups of participants: traditional Himba, urbanized Himba, urban British,

and urban Japanese. The urbanized Himba group comprised individuals

who had lived in a traditional Himba village before moving to a nearby town

in early adulthood. All groups were tested with the Ebbinghaus illusion,

depicted in Fig. 8A. The results for each group are shown in Panel B of that

figure.With increasing urbanization, the groups’ illusion size grew, meaning

that participants were increasingly able to ignore the irrelevant surrounding

discs when judging the size of the central disc. From these and other results,

the researchers concluded that exposure to an urban environment promotes

a global bias when participants deploy visual attention.

It is important to exercise caution in evaluating possible connections

between the characteristic of the environment in which the Himba—or

any group—live and their perceptual world. After all, perception is a
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complex process whose outcome depends upon many interacting variables,

as Fig. 4 suggests. For example, one notably rigorous comparison of shape

perception by non-urbanized Himba and by American university students

failed to show any difference on match to sample tests of shape perception

(Biederman, Yue, & Davidoff, 2009). Using stimuli carefully graded in per-

ceptual similarity, the researchers found that, with a variety of different stim-

ulus types, the two groups did not differ from one another. Additionally,

observers are not automatons without control over the task-dependent

deployment of resources needed for perception. In fact, although multiple

studies confirm the Himba’s strong tendency toward local processing, when

Ebbinghaus illusion
A

B

Theoretical best
performance

Traditional Himba

Urbanised Himba

British

Japanese0.20

0.00
93.0

Fr
eq

ue
nc

y 
of

 c
ho

os
in

g 
ta

rg
et

 w
ith

la
rg

e 
in

du
ce

rs

96.5 100.0 103.5 107.0

Large-inducer target size (% of  small-inducer target size)

110.5 114.0 117.5

0.40

0.60

0.80

1.00

Fig. 8 Panel A: Illustration of the Ebbinghaus illusion. The participant’s task was to com-
pare the size of the left and right central discs. Panel B: Results for the groups tested on
the Ebbinghaus illusion. Shown also are the expected results from a theoretical perfect
observer who would be able to judge the size of the center disc without being at all
affected by the surrounding discs. Figure adapted from Caparos, S., Ahmed, L.,
Bremner, A. J., de Fockert, J. W., Linnell, K. J., & Davidoff, J. (2012). Exposure to an urban
environment alters the local bias of a remote culture. Cognition 122, 80–85. https://doi.
org/10.1016/j.cognition.2011.08.013.
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task demands make it advantageous, those same test participants certainly can

and do demonstrate more global attention (Caparos, Linnell, Bremner, de

Fockert, & Davidoff, 2013). Finally, the distinction between local and global

processing bias may bemore complex than previously thought. That distinc-

tion, which has motivated much research, seems so obvious and common-

sensical that it has long been a part of ordinary, non-scientific discourse and

thought. For example, theOxford English Dictionary cites a 16th C. English

language warning against hyper-local processing, essentially a caution against

missing the forest, the big picture or context, for the trees, the constituent

details.a Clearly, the theoretical distinction between local-global processing

has been a useful driver of much research. But, as is the case for most cog-

nitive and perceptual processes, the difference between local and global

processing is not monolithic. Instead, it reflects a shifting, dynamic, task-

sensitive result of multiple perceptual abilities and biases (Chamberlain,

Van der Hallen, Huygelier, Van de Cruys, & Wagemans, 2017).

3.7 Social influences on perception across cultures
Returning to our earlier consideration of social factors that might contribute

to cultural differences in memory, what about the intersection of social fac-

tors and perception? Much of the research in this area has investigated cul-

tural differences in viewing facial expressions of emotions. The “grammar”

of faces, the combination of different facial movements to convey an emo-

tion, differs across cultures such that Caucasians have more distinct combi-

nations of expressions than East Asians ( Jack, Garrod, Yu, Caldara, &

Schyns, 2012; Jack & Schyns, 2017). While face grammar impacts the stim-

ulus basis of what is to be perceived, there is also evidence for cultural dif-

ferences in perceivers’ gaze patterns, that is, what perceivers look directly at.

Some of the findings suggest that the pattern of eye movements differs across

cultures when scanning a face, with East Asians focusing on the eyes whereas

Westerners sample facial information more widely ( Jack, Blais, Scheepers,

Schyns, & Caldara, 2009; Jack, Caldara, & Schyns, 2012). Note that this

account is not universally accepted (Yan, Andrews, & Young, 2016; Yan,

Young, & Andrews, 2017). Cultural differences in gaze patterns have been

extrapolated to suggest that East Asians may use extrafoveal information

more than Westerners (Caldara, Zhou, & Miellet, 2010).

a 1546 J. HEYWOOD Prov. II. iv. (1867) 51 “Plentie is nodeintie, ye see not your owne ease. I see, ye

can not see the wood for trees.”
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Intriguingly, these cultural differences seem to be pervasive, with

the majority of British-born individuals of Chinese heritage showing the

“Eastern” pattern of eye movements and only a minority showing a

“Western” pattern (Kelly et al., 2011), The authors took this as evidence

that social experience (e.g., growing up in the United Kingdom) does

not alter the pattern of eye movements from the typical pattern expected

for individuals from Chinese cultural backgrounds, although they did note

the potential influence of early-life influences, as the participants reported

little exposure to Western culture before beginning school. Thus, cultural

differences may persist despite long-term exposure to another culture

throughout childhood and early adulthood.

4. Integration of the study of perception and memory
across cultures

Given the surprisingly long and rich history of studying cultural effects

on perception, which aspects of vision might account for cross-cultural

differences in memory specificity?

The candidate explanation we find most intriguing to potentially

account for the effects on memory is evidence for cultural differences in

the relative use of low versus high spatial frequency information. This work

indicates that East Asians tend to use low spatial frequencies, associated with

coarser, more global information, whereas Westerners tend to use high spa-

tial frequencies, associated with fine details and more local information dur-

ing face processing (Blais, Jack, Scheepers, Fiset, & Caldara, 2008; Caldara

et al., 2010; Estephan et al., 2018; Im et al., 2017; Kelly, Miellet, & Caldara,

2010; Miellet, Vizioli, He, Zhou, & Caldara, 2013; Rodger, Kelly, Blais, &

Caldara, 2010; Tardif et al., 2017). In one set of experiments, Chinese and

Canadian participants viewed faces that had been filtered for different fre-

quencies of spatial information. As shown in Fig. 9, results indicated that

Canadians used more high spatial frequency information than Chinese par-

ticipants (Tardif et al., 2017). More recent work reveals that the cultural dif-

ferences in the prioritization of different spatial frequencies can emerge as

early as 34ms and persist over time, implicating early visual processes

(Estephan et al., 2018).

These findings indicate that across cultures, people could differ in their

attention to, or have cortex differentially tuned to, particular spatial frequen-

cies. Cross-cultural distinctions in sensitivity to particular ranges of spatial

frequencies could impact the visual processing of objects and memory for
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them. Although one study investigated cross-cultural differences in eye

movements to objects (Kelly et al., 2010), the experimental approach of

filtering images for different spatial frequencies has yet to be adopted for

the study of culture. Given that faces include a range of spatial frequencies

and may engage distinct neural regions (Kanwisher, 2017; Kanwisher,

McDermott, & Chun, 1997), research with faces may not generalize to

other visual stimuli. In addition, much of the work thus far emphasizes emo-

tion ( Jack et al., 2009; Jack, Caldara, & Schyns, 2012; Jack, Garrod, et al.,

2012; Jack & Schyns, 2017; Suzuki et al., 2011), making it all the more

important to expand the approach to studying objects or other lower-level

visual information that should not differ in meaning or familiarity across cul-

tures (e.g., Gabor patches). Another important consideration for future

work is addressing the potential confound of myopia, which is more com-

mon in some Eastern cultures (as discussed in Section 3.1), and could also

account for a global processing bias.

Althoughwe focus on the ways in which perceptual biases could translate

into memory differences across cultures, it is important to note how the

100
-10

-5

0

Spatial frequency (cpf)

T
 s

co
re

s

5

10

Chinese participants
Canadian participants
Difference
p<.025

15

20

101 102

Fig. 9 Cross-cultural differences in the use of different spatial frequencies. During the
viewing of faces, Canadian participants used high spatial frequencies to a greater extent
than did Chinese participants. Figure reprinted with permission from Tardif, J., Fiset, D.,
Zhang, Y., Estephan, A., Cai, Q., Luo, C., et al. (2017). Culture shapes spatial frequency tuning
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interplay between vision and attention could impact memory, as indicated in

Fig. 4. One specific way this could play out with implications for culture is

that the processing of high versus low spatial frequency information may be

differentially associated with different hemispheres (Piazza & Silver, 2014,

2017). The left hemisphere preferentially attends to and processes local

information (e.g., details) whereas the right hemisphere exhibits a global

(e.g., larger scale) processing preference (Flevaris, Bentin, & Robertson,

2011). This laterality difference has been shown to be stronger for Americans

than Koreans in a study of coding emotion from arrays of faces briefly pres-

ented to the visual field corresponding to the left or right hemisphere

(Im et al., 2017). Another cultural difference relevant to attention is the abil-

ity for East Asians to perform better than Americans on a change detection

task when spatial configurations were preserved but expanded in space. In

contrast, Americans performed better when configurations were preserved

but shrunk in space (Boduroglu, Shah, & Nisbett, 2009). Such findings

could indicate cultural differences in the breadth of attention. These atten-

tional processes could impact memory if preferential processing of particular

spatial frequencies in one hemisphere leads to prioritization of information

to be encoded and consolidated in memory. Indeed, the change detection

paradigm involves memory for stimuli over a brief time window, but

perhaps similar attentional processes could impact long-term memory.

Returning to our finding of cultural differences in the pattern of neural

activity in left occipital region BA 18/19 corresponding to object represen-

tations (Ksander et al., 2018), the location of this region in visual cortex

could reflect cultural sensitivities to different image features. Some work

(Freeman, Ziemba, Heeger, Simoncelli, & Movshon, 2013; Ziemba,

Freeman, Movshon, & Simoncelli, 2016) indicates this region is particularly

sensitive to textures, rather than the lower-level visual properties of stimuli

(e.g., line orientations) to which V1 responds. Such findings could reflect

cultural differences in the prioritization of different spatial frequencies when

viewing real-world objects, but such an explanation requires a direct test.

Even if support is found for a link between spatial frequencies and mem-

ory, the question of what causes these cultural differences still remains. Early

life visual experiences such as written language (Dehaene & Cohen, 2007;

Horie et al., 2012), built environments (Miyamoto et al., 2006), density of

environments (Chee, Zheng, Goh, Park, & Sutton, 2011), or other expe-

riences (Kuwabara & Smith, 2012, 2016) could mediate the influence of cul-

ture, and could tune the visual system’s preference for particular ranges of

spatial frequencies (Piazza & Silver, 2014, 2017). Ultimately, answering this

question will continue to be a difficult problem to solve, as it is difficult to
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experimentally manipulate the complex long-acting forces of culture. But

identifying the level at which culture influences memory (e.g., via low-level

perception? Via attention? Via long-term memory systems themselves?

Interactions among all of these?) would provide important constraints on

how we think about the relevant mechanisms and the ways in which culture

shapes the brain and mind. They would also allow researchers to generate

more nuanced predictions about when and how effects of culture should

manifest.

5. Conclusions

Although many intriguing differences across cultures have emerged in

perception and memory, and potential connections between some of these

processes are tantalizing, we are far from a unified understanding of the influ-

ences of culture on cognition or the underlying mechanisms. We close the

chapter by recommending several approaches for future research, including

how we should expand the scope of our own inquiries into the topic.

Thus far, much of the work has adopted an approach of contrasting

“extreme” groups, comparing Easterners and Westerners, broadly defined

(as discussed earlier). This approach must be both expanded and narrowed.

By expandedwe mean in terms of systematically comparing multiple cultural

groups thought to differ on a single dimension, be it on a factor such as inde-

pendence (e.g., comparing multiple countries differing in level of indepen-

dence) or as a factor of cultural exposure over generations (e.g., comparing

new immigrants to individuals whose families immigrated one or two gen-

erations ago). By narrowed, we mean better accounting for individual differ-

ences within a “culture,” broadly defined (e.g., country). Both of these

approaches would help to substantiate relevant mechanisms, by selecting a

relevant variable and studying it in a more parametric fashion, rather than

merely comparing two groups that could differ on a number of dimensions.

Some work has had success in using individual difference measures, such as

self-report measures of levels of individualism and collectivism, and found

that patterns of performance correlate with these measures but such findings

have been rare in the perception and memory literatures.

Another approach to consider is in the comparison across measures.

Much of the cognitive research on culture has focused on one task, or a sin-

gle domain, such as memory, rather than considering effects expected to

extend across memory and perception. Theories of cultural impacts on cog-

nition should be able to make stronger predictions about how culture would
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impact a host of related tasks, and what the boundary conditions might be.

One of the studies to adopt such an approach administered 10 measures of

independent versus interdependent self-construal and 10 measures of ana-

lytic versus holistic thinking (Na et al., 2010). Although the cultural

groups—East Asians andWesterners—differed on the measures at the group

level, the measures were unable to detect consistent differences within a

group. That is, an individual who scored highly on independence on one

measure did not necessarily do so on the other measures of independence.

Thus even though understanding individual differences is necessary in order

to identify the factors that predict who should show a larger or smaller

“footprint” of a particular cognitive style associated with culture, these

results suggest that it will not be easy to harness such an approach.

As we alluded to earlier, other approaches critical to advance understand-

ing of cultural effects on cognition are the study of acculturation and change

over time. In some cases, cultural change can allow for naturalistic experi-

ments, such as the study of the Himba who moved to cities, in order to

understand how experiences viewing different types of landscapes impact

perception. Studying individuals at different points, or throughout, accul-

turation to a new culture also provides a rich opportunity to study the effects

of exposure to novel environments on cognitive processes. Even common

student experiences such as study abroad may provide such an opportunity.

In order to study acculturation processes and cultural changes over time, it

will be necessary to consider developmental trajectories and the possibility of

“critical periods” during which culture may particularly impact cognition.

Such work would require longitudinal approaches as well as large sample

sizes, given the variability in individuals’ ages, educational backgrounds,

and experiences, even within a single immigrant population (e.g., emigrat-

ing from Guatemala, rather than considering across different countries of

origin and languages). However, the growth in team science approaches

and the globalization of the research enterprise make such work more

possible than ever before.

Finally, insights on these topics will not be possible without measures

that are sensitive assays to serve as reliable, valid measures of constructs. Test-

ing the predicted impact of culture across tasks and domains (e.g., perception

and memory) will offer strong evidence for theories, and converging

methods (e.g., psychophysical measures of perception, memory perfor-

mance, and measures of brain activity) can help to triangulate the locus of

such effects (e.g., cultural differences in low-level visual processes or

memory systems).
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Although there are many challenges to the study of cultural differences in

cognition, we hope that this chapter motivates further study on the topic.

There is much opportunity due to the gaps in the approaches adopted thus

far as well as the potential for far-reaching effects of culture in a variety of

cognitive domains.

Acknowledgments
The authors gratefully acknowledge support from a Brandeis University Provost Research

Grant, which allowed them to explore these ideas through collaboration.

References
Biederman, I., Yue, X., & Davidoff, J. (2009). Representation of shape in individuals from a

culture with minimal exposure to regular, simple artifacts: Sensitivity to nonaccidental
versus metric properties. Psychological Science, 20, 1437–1442. https://doi.org/
10.1111/j.1467-9280.2009.02465.x.

Blais, C., Jack, R. E., Scheepers, C., Fiset, D., & Caldara, R. (2008). Culture shapes how we
look at faces. PLoS One, 3, e3022. https://doi.org/10.1371/journal.pone.0003022.

Blake, R., & Sekuler, R. (2006). Perception (5th ed.). McGraw-Hill.
Boduroglu, A., Shah, P., & Nisbett, R. E. (2009). Cultural differences in allocation of atten-

tion in visual information processing. Journal of Cross-Cultural Psychology, 40, 349–360.
https://doi.org/10.1177/0022022108331005.

Boring, E. G. (1950). A history of experimental psychology (2nd ed.). Englewood Cliffs, NJ:
Prentice-Hall.

Bornstein, M. H. (1973). Color vision and color naming: A psychophysiological hypothesis
of cultural difference. Psychological Bulletin, 80, 257–285.

Boynton, R. M., & Olson, C. X. (1987). Locating basic colors in the OSA space. Color
Research and Application, 12, 95–105.

Caldara, R., Zhou, X., & Miellet, S. (2010). Putting culture under the ‘spotlight’ reveals
universal information use for face recognition. PLoS One, 5, e9708. https://doi.org/
10.1371/journal.pone.0009708.

Caparos, S., Ahmed, L., Bremner, A. J., de Fockert, J. W., Linnell, K. J., & Davidoff, J.
(2012). Exposure to an urban environment alters the local bias of a remote culture.
Cognition, 122, 80–85. https://doi.org/10.1016/j.cognition.2011.08.013.

Caparos, S., Linnell, K. J., Bremner, A. J., de Fockert, J. W., & Davidoff, J. (2013). Do local
and global perceptual biases tell us anything about local and global selective attention?
Psychological Science, 24, 206–212. https://doi.org/10.1177/0956797612452569.

Chamberlain, R., Van der Hallen, R., Huygelier, H., Van de Cruys, S., & Wagemans, J.
(2017). Local-global processing bias is not a unitary individual difference in visual
processing. Vision Research, 141, 247–257. https://doi.org/10.1016/j.visres.2017.
01.008.

Chee, M.W., Zheng, H., Goh, J. O., Park, D. C., & Sutton, B. P. (2011). Brain structure in
young and old East Asians and Westerners: Comparisons of structural volume and
cortical thickness. Journal of Cognitive Neuroscience, 23, 1065–1079.

Chiao, J. Y. (2009). Cultural neuroscience: A once and future discipline. Progress in Brain
Research, 178, 287–304.

Chiao, J. Y., Cheon, B. K., Pornpattanangkul, N., Mrazek, A. J., & Blizinsky, K. D. (2013).
Cultural neuroscience: Progress and promise. Psychological Inquiry, 24, 1–19. https://doi.
org/10.1080/1047840X.2013.752715.

168 Angela Gutchess and Robert Sekuler

https://doi.org/10.1111/j.1467-9280.2009.02465.x
https://doi.org/10.1111/j.1467-9280.2009.02465.x
https://doi.org/10.1371/journal.pone.0003022
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0020
https://doi.org/10.1177/0022022108331005
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0030
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0030
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0035
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0035
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0040
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0040
https://doi.org/10.1371/journal.pone.0009708
https://doi.org/10.1371/journal.pone.0009708
https://doi.org/10.1016/j.cognition.2011.08.013
https://doi.org/10.1177/0956797612452569
https://doi.org/10.1016/j.visres.2017.01.008
https://doi.org/10.1016/j.visres.2017.01.008
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0065
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0065
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0065
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0070
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0070
https://doi.org/10.1080/1047840X.2013.752715
https://doi.org/10.1080/1047840X.2013.752715


Choi, I., Koo, M., & Jong An, C. (2007). Individual differences in analytic versus holistic
thinking. Personality and Social Psychology Bulletin, 33, 691–705. https://doi.org/
10.1177/0146167206298568.

Conway, M. A., Wang, Q., Hanyu, K., & Haque, S. (2005). A cross-cultural investigation of
autobiographical memory: On the universality and cultural variation of the reminiscence
bump. Journal of Cross-Cultural Psychology, 36, 739–749. https://doi.org/10.1177/
0022022105280512.

Dalgleish, T., & Werner-Seidler, A. (2014). Disruptions in autobiographical memory
processing in depression and the emergence of memory therapeutics. Trends in Cognitive
Sciences, 18, 596–604. https://doi.org/10.1016/j.tics.2014.06.010.

Dehaene, S., & Cohen, L. (2007). Cultural recycling of cortical maps. Neuron, 56, 384–398.
https://doi.org/10.1016/j.neuron.2007.10.004.

Deregowski, J. B. (2013). On the M€uller-Lyer illusion in the carpentered world. Perception,
42, 790–792. https://doi.org/10.1068/p7424.

Dye, C. (2008). Health and urban living. Science, 319, 766–769.
Elbert, T., Pantev, C., Wienbruch, C., Rockstroh, B., & Taub, E. (1995). Increased cortical

representation of the fingers of the left hand in string players. Science, 270, 305–307.
Elfenbein, H., & Ambady, N. (2002). On the universality and cultural specificity of emotion

recognition: A meta-analysis. Psychological Bulletin, 128, 203–235.
Engle, R. W. (2002). Working memory capacity as executive attention. Current Directions in

Psychological Science, 11, 19–23. https://doi.org/10.1111/1467-8721.00160.
Engle, R.W. (2018). Working memory and executive attention: A revisit. Perspectives in Psy-

chological Science, 13, 190–193. https://doi.org/10.1177/1745691617720478.
Ericsson, K. A. (2017). Expertise and individual differences: The search for the structure and

acquisition of experts’ superior performance.Wiley Interdisciplinary Reviews: Cognitive Sci-
ence, 8, e1382. https://doi.org/10.1002/wcs.1382.

Estephan, A., Fiset, D., Saumure, C., Plouffe-Demers, M. P., Zhang, Y., Sun, D., et al.
(2018). Time course of cultural differences in spatial frequency use for face identification.
Scientific Reports, 8, 1816. https://doi.org/10.1038/s41598-018-19971-1.

Firestone, C., & Scholl, B. J. (2016). Seeing and thinking: Foundational issues and empirical
horizons. The Behavioral and Brain Sciences, 39, 1–19. https://doi.org/10.1017/
S0140525X16000029.

Flevaris, A. V., Bentin, S., & Robertson, L. C. (2011). Attentional selection of relative SF
mediates global versus local processing: Evidence from EEG. Journal of Vision, 11,
1–12. https://doi.org/10.1167/11.7.11.

Freeman, J., Ziemba, C. M., Heeger, D. J., Simoncelli, E. P., & Movshon, J. A. (2013).
A functional and perceptual signature of the second visual area in primates. Nature
Neuroscience, 16, 974–981. https://doi.org/10.1038/nn.3402.

Garner, L. (2015). Cultural priming and the emotion-induced memory trade-off effect. Unpublished
Honors Thesis. Brandeis University.

Ge, L., Luo, J., Nishimura, M., & Lee, K. (2003). The lasting impression of chairman Mao:
Hyperfidelity of familiar-face memory. Perception, 32, 601–614.

Geiger, L. (1880). Contributions to the history of the development of the human race. London:
Tr€ubner and Company.

Gisl�en, A., Dacke, M., Kr€oger, R. H. H., Abrahamsson, M., Nilsson, D.-E., &Warrant, E. J.
(2003). Superior underwater vision in a human population of sea gypsies.Current Biology,
13, 833–836.

Gisl�en, A., Warrant, E. J., Dacke, M., & Kr€oger, R. H. H. (2006). Visual training improves
underwater vision in children. Vision Research, 46, 3443–3450. https://doi.org/10.1016/
j.visres.2006.05.004.

Gladstone, W. E. (1858). Studies on homer and the homeric age. London: Oxford
University Press.

169Culture, perception, and memory

https://doi.org/10.1177/0146167206298568
https://doi.org/10.1177/0146167206298568
https://doi.org/10.1177/0022022105280512
https://doi.org/10.1177/0022022105280512
https://doi.org/10.1016/j.tics.2014.06.010
https://doi.org/10.1016/j.neuron.2007.10.004
https://doi.org/10.1068/p7424
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0105
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0110
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0110
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0115
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0115
https://doi.org/10.1111/1467-8721.00160
https://doi.org/10.1177/1745691617720478
https://doi.org/10.1002/wcs.1382
https://doi.org/10.1038/s41598-018-19971-1
https://doi.org/10.1017/S0140525X16000029
https://doi.org/10.1017/S0140525X16000029
https://doi.org/10.1167/11.7.11
https://doi.org/10.1038/nn.3402
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0155
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0155
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0160
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0160
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0165
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0165
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0165
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0170
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0170
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0170
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0170
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0170
https://doi.org/10.1016/j.visres.2006.05.004
https://doi.org/10.1016/j.visres.2006.05.004
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0180
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0180


Goh, J. O., Chee, M. W., Tan, J. C., Venkatraman, V., Hebrank, A., Leshikar, E. D., et al.
(2007). Age and culture modulate object processing and object-scene binding in the
ventral visual area. Cognitive, Affective, & Behavioral Neuroscience, 7, 44–52.

Gregory, R. L. (1997). Knowledge in perception and illusion. Philosophical Transactions of the
Royal Society of London. Series B Biological Sciences, 352, 1121–1127. https://doi.org/
10.1098/rstb.1997.0095.

Grossmann, I., Karasawa, M., Izumi, S., Na, J., Varnum, M. E. W., Kitayama, S., et al.
(2012). Aging and wisdom: Culture matters. Psychological Science, 23, 1059–1066.
https://doi.org/10.1177/0956797612446025.

Grzeczkowski, L., Clarke, A. M., Francis, G., Mast, F. W., & Herzog, M. H. (2017). About
individual differences in vision. Vision Research, 141, 282–292. https://doi.org/10.1016/
j.visres.2016.10.006.

Gutchess, A. H., & Indeck, A. (2009). Cultural influences on memory. In Vol. 178. Cultural
neuroscience: Cultural influences on brain function (pp. 137–150).

Gutchess, A. H., Schwartz, A. J., & Boduroglu, A. (2011). The influence of culture on
memory. In D. D. Schmorrow & C. M. Fidopiastis (Eds.), Vol. 6780. Lecture notes
in artificial intelligence, lectures notes in computer science (pp. 67–76). Berlin Heidelberg:
Springer-Verlag.

Gutchess, A. H., Welsh, R. C., Boduroglu, A., & Park, D. C. (2006). Cultural differences in
neural function associated with object processing. Cognitive, Affective, & Behavioral
Neuroscience, 6, 102–109.

Gutchess, A. H., Yoon, C., Luo, T., Feinberg, F., Hedden, T., Jing, Q., et al. (2006). Cat-
egorical organization in free recall across culture and age. Gerontology, 52, 314–323.
https://doi.org/10.1159/000094613.

Han, S., & Ma, Y. (2014). Cultural differences in human brain activity: A quantitative meta-
analysis. NeuroImage, 99, 293–300. https://doi.org/10.1016/j.neuroimage.2014.05.062.

Han, S., & Ma, Y. (2015). A culture-behavior-brain loop model of human development.
Trends in Cognitive Sciences, 19, 666–676. https://doi.org/10.1016/j.tics.2015.08.010.

Hedden, T., Park, D., Nisbett, R., Ji, L., Jing, Q., & Jiao, S. (2002). Cultural variation in
verbal versus spatial neuropsychological function across the lifespan. Neuropsychology,
16, 65–73.

Helmholtz, H. V. (1886/1962). Concerning the perceptions in general. In translated by
In J. P. C. Southall (Ed.), Vol. III. Treatise on physiological optics. New York: Dover.

Horie, S., Yamasaki, T., Okamoto, T., Kan, S., Ogata, K., Miyauchi, S., et al. (2012).
Distinct role of spatial frequency in dissociative reading of ideograms and phonograms:
An fMRI study.NeuroImage, 63, 979–988. https://doi.org/10.1016/j.neuroimage.2012.
03.046.

Howard, I. P. (1996). Alhazen’s neglected discoveries of visual phenomena. Perception, 25,
1203–1217. https://doi.org/10.1068/p251203.

Huang, L., Kawasaki, H., Liu, Y., & Wang, Z. (2019). The prevalence of myopia and the
factors associated with it among university students in Nanjing: A cross-sectional study.
Medicine, 98, e14777. https://doi.org/10.1097/MD.0000000000014777.

Hubel, D. H., &Wiesel, T. N. (1962). Receptive fields, binocular interaction and functional
architecture in the cat’s visual cortex. The Journal of Physiology, 160, 106–154.

Im, H. Y., Chong, S. C., Sun, J., Steiner, T. G., Albohn, D. N., Adams, R. B., et al. (2017).
Cross-cultural and hemispheric laterality effects on the ensemble coding of emotion in
facial crowds. Culture and Brain, 5, 125–152. https://doi.org/10.1007/s40167-017-
0054-y.

Jack, R. E., Blais, C., Scheepers, C., Schyns, P. G., &Caldara, R. (2009). Cultural confusions
show that facial expressions are not universal. Current Biology, 19, 1543–1548. https://
doi.org/10.1016/j.cub.2009.07.051.

170 Angela Gutchess and Robert Sekuler

http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0185
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0185
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0185
https://doi.org/10.1098/rstb.1997.0095
https://doi.org/10.1098/rstb.1997.0095
https://doi.org/10.1177/0956797612446025
https://doi.org/10.1016/j.visres.2016.10.006
https://doi.org/10.1016/j.visres.2016.10.006
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0205
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0205
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0210
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0210
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0210
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0210
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0210
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0215
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0215
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0215
https://doi.org/10.1159/000094613
https://doi.org/10.1016/j.neuroimage.2014.05.062
https://doi.org/10.1016/j.tics.2015.08.010
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0235
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0235
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0235
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0240
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0240
https://doi.org/10.1016/j.neuroimage.2012.03.046
https://doi.org/10.1016/j.neuroimage.2012.03.046
https://doi.org/10.1068/p251203
https://doi.org/10.1097/MD.0000000000014777
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0260
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0260
https://doi.org/10.1007/s40167-017-0054-y
https://doi.org/10.1007/s40167-017-0054-y
https://doi.org/10.1016/j.cub.2009.07.051
https://doi.org/10.1016/j.cub.2009.07.051


Jack, R. E., Caldara, R., & Schyns, P. G. (2012). Internal representations reveal cultural
diversity in expectations of facial expressions of emotion. Journal of Experimental Psychol-
ogy: General, 141, 19–25. https://doi.org/10.1037/a0023463.

Jack, R. E., Garrod, O. G., Yu, H., Caldara, R., & Schyns, P. G. (2012). Facial expressions of
emotion are not culturally universal. Proceedings of the National Academy of Sciences of the
United States of America, 109, 7241–7244. https://doi.org/10.1073/pnas.1200155109.

Jack, R. E., & Schyns, P. G. (2017). Toward a social psychophysics of face communication.
Annual Review of Psychology, 68, 269–297. https://doi.org/10.1146/annurev-psych-
010416-044242.

Ji, L. J., Nisbett, R. E., & Su, Y. (2001). Culture, change, and prediction. Psychological Science,
12, 450–456.

Kanwisher, N. (2017). The quest for the FFA and where it led. Journal of Neuroscience, 37,
1056–1061. https://doi.org/10.1523/jneurosci.1706-16.2016.

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face area: A module in
human extrastriate cortex specialized for face perception. Journal of Neuroscience, 17,
4302–4311.

Kelly, D. J., Jack, R. E., Miellet, S., De Luca, E., Foreman, K., & Caldara, R. (2011). Social
experience does not abolish cultural diversity in eye movements. Frontiers in Psychology, 2,
95. https://doi.org/10.3389/fpsyg.2011.00095.

Kelly, D. J., Miellet, S., & Caldara, R. (2010). Culture shapes eye movements for visually
homogeneous objects. Frontiers in Psychology, 1, 6. https://doi.org/10.3389/
fpsyg.2010.00006.

Kersten, D., Mamassian, P., & Yuille, A. (2004). Object perception as Bayesian inference.
Annual Review of Psychology, 55, 271–304. https://doi.org/10.1146/annurev.
psych.55.090902.142005.

Kitayama, S., & Uskul, A. K. (2011). Culture, mind, and brain: Current evidence and future
directions. Annual Review of Psychology, 62, 419–449.

Ksander, J. C., Paige, L. E., Johndro, H. A., & Gutchess, A. H. (2018). Cultural specialization
of visual cortex. Social Cognitive and Affective Neuroscience, 13, 709–718. https://doi.org/
10.1093/scan/nsy039.

Kuwabara, M., & Smith, L. B. (2012). Cross-cultural differences in cognitive development:
Attention to relations and objects. Journal of Experimental Child Psychology, 113, 20–35.
https://doi.org/10.1016/j.jecp.2012.04.009.

Kuwabara, M., & Smith, L. B. (2016). Cultural differences in visual object recognition in
3-year-old children. Journal of Experimental Child Psychology, 147, 22–38. https://doi.
org/10.1016/j.jecp.2016.02.006.

Lee, H.-N., & Gutchess, A. (2010). The impact of self-construal priming on associative
memory with age. In Poster presented at the cognitive aging conference. Atlanta, GA.

Leger, K., & Gutchess, A. (2019). Cross-cultural differences in recognition memory. In Poster
presented at the annual meeting of the society of applied research in memory and cognition, Cape
Cod, MA.

Li, W. (2016). Perceptual learning: Use-dependent cortical plasticity.Annual Review of Vision
Science, 2, 109–130. https://doi.org/10.1146/annurev-vision-111815-114351.

Lindsey, D. T., & Brown, A. M. (2014). The color lexicon of American English. Journal of
Vision, 14(17), 1–25. https://doi.org/10.1167/14.2.17.

Linnell, K. J., Bremner, A. J., Caparos, S., Davidoff, J., & de Fockert, J. W. (2018). Urban
experience alters lightness perception. Journal of Experimental Psychology: Human Perception
and Performance, 44, 2–6. https://doi.org/10.1037/xhp0000498.

Ma, W. J. (2012). Organizing probabilistic models of perception. Trends in Cognitive Sciences,
16, 511–518. https://doi.org/10.1016/j.tics.2012.08.010.

Mack, A., & Rock, I. (1998). Inattentional blindness. Cambridge, Mass: MIT Press.

171Culture, perception, and memory

https://doi.org/10.1037/a0023463
https://doi.org/10.1073/pnas.1200155109
https://doi.org/10.1146/annurev-psych-010416-044242
https://doi.org/10.1146/annurev-psych-010416-044242
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0290
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0290
https://doi.org/10.1523/jneurosci.1706-16.2016
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0300
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0300
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0300
https://doi.org/10.3389/fpsyg.2011.00095
https://doi.org/10.3389/fpsyg.2010.00006
https://doi.org/10.3389/fpsyg.2010.00006
https://doi.org/10.1146/annurev.psych.55.090902.142005
https://doi.org/10.1146/annurev.psych.55.090902.142005
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0320
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0320
https://doi.org/10.1093/scan/nsy039
https://doi.org/10.1093/scan/nsy039
https://doi.org/10.1016/j.jecp.2012.04.009
https://doi.org/10.1016/j.jecp.2016.02.006
https://doi.org/10.1016/j.jecp.2016.02.006
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0340
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0340
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0345
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0345
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0345
https://doi.org/10.1146/annurev-vision-111815-114351
https://doi.org/10.1167/14.2.17
https://doi.org/10.1037/xhp0000498
https://doi.org/10.1016/j.tics.2012.08.010
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0370


Markus, H. R., & Kitayama, S. (1991). Culture and the self: Implications for cognition,
emotion, & motivation. Psychological Review, 98, 224–253.

Masuda, T., & Nisbett, R. E. (2001). Attending holistically versus analytically: Comparing
the context sensitivity of Japanese and Americans. Journal of Personality and Social Psychol-
ogy, 81, 922–934. https://doi.org/10.1037//0022-3514.81.5.922.

Mickley Steinmetz, K., Sturkie, C., Rochester, N., Liu, X., & Gutchess, A. (2018). Cross
cultural differences in item and background memory: Examining the influence of
emotional intensity and scene congruency. Memory, 26, 751–758.

Miellet, S., Vizioli, L., He, L., Zhou, X., & Caldara, R. (2013). Mapping face recognition
information use across cultures. Frontiers in Psychology, 4, 34. https://doi.org/10.3389/
fpsyg.2013.00034.

Millar, P. R., Serbun, S. J., Vadalia, A., & Gutchess, A. H. (2013). Cross-cultural differences
in memory specificity. Culture & Brain, 1, 138–157.

Mitterer, H., Horschig, J. M., M€usseler, J., & Majid, A. (2009). The influence of memory on
perception: It’s not what things look like, it’s what you call them. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 35, 1557–1562. https://doi.org/10.1037/
a0017019.

Miyamoto, Y., Nisbett, R. E., & Masuda, T. (2006). Culture and the physical
environment—Holistic versus analytic perceptual affordances. Psychological Science, 17,
113–119.

Na, J., Grossmann, I., Varnum, M. E. W., Kitayama, S., Gonzalez, R., & Nisbett, R. E.
(2010). Cultural differences are not always reducible to individual differences. Proceedings
of the National Academy of Sciences of the United States of America, 107, 6192–6197. https://
doi.org/10.1073/pnas.1001911107.

Nelson, K., & Fivush, R. (2004). The emergence of autobiographical memory: A social cul-
tural developmental theory. Psychological Review, 111, 486–511. https://doi.org/
10.1037/0033-295X.111.2.486.

Nisbett, R. E. (2003). The geography of thought: How Asians and Westerners think differently ...
and why. New York, NY US: Free Press.

Nisbett, R. E., Peng, K. P., Choi, I., & Norenzayan, A. (2001). Culture and systems of
thought: Holistic versus analytic cognition. Psychological Review, 108, 291–310.
https://doi.org/10.1037//0033-295x.108.2.291.

Paige, L. E., Amado, S., & Gutchess, A. H. (2017). Influence of encoding instructions and
response bias on cross-cultural differences in specific recognition. Culture & Brain, 5,
153–168.

Paige, L. E., Ksander, J. C., Johndro, H. A., & Gutchess, A. H. (2017). Cross-cultural dif-
ferences in the neural correlates of specific and general recognition.Cortex, 91, 250–261.
https://doi.org/10.1016/j.cortex.2017.01.018.

Park, D., & Gutchess, A. (2006). The cognitive neuroscience of aging and culture. Current
Directions in Psychological Science, 15, 105–108.

Park, D. C., & Huang, C.-M. (2010). Culture wires the brain: A cognitive neuroscience
perspective. Perspectives on Psychological Science, 5, 391–400. https://doi.org/
10.1177/1745691610374591.

Pepperberg, I. M., Vicinay, J., & Cavanagh, P. (2008). Processing of the M€uller-Lyer illusion
by a Grey parrot (Psittacus erithacus). Perception, 37, 765–781.

Piazza, E. A., & Silver, M. A. (2014). Persistent hemispheric differences in the perceptual
selection of spatial frequencies. Journal of Cognitive Neuroscience, 26, 2021–2027.
https://doi.org/10.1162/jocn_a_00606.

Piazza, E. A., & Silver, M. A. (2017). Relative spatial frequency processing drives hemi-
spheric asymmetry in conscious awareness. Frontiers in Psychology, 8, 559. https://doi.
org/10.3389/fpsyg.2017.00559.

172 Angela Gutchess and Robert Sekuler

http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0375
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0375
https://doi.org/10.1037//0022-3514.81.5.922
https://doi.org/10.1037//0022-3514.81.5.922
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0385
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0385
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0385
https://doi.org/10.3389/fpsyg.2013.00034
https://doi.org/10.3389/fpsyg.2013.00034
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0395
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0395
https://doi.org/10.1037/a0017019
https://doi.org/10.1037/a0017019
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0405
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0405
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0405
https://doi.org/10.1073/pnas.1001911107
https://doi.org/10.1073/pnas.1001911107
https://doi.org/10.1037/0033-295X.111.2.486
https://doi.org/10.1037/0033-295X.111.2.486
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0420
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0420
https://doi.org/10.1037//0033-295x.108.2.291
https://doi.org/10.1037//0033-295x.108.2.291
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0430
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0430
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0430
https://doi.org/10.1016/j.cortex.2017.01.018
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0440
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0440
https://doi.org/10.1177/1745691610374591
https://doi.org/10.1177/1745691610374591
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0450
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0450
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0450
https://doi.org/10.1162/jocn_a_00606
https://doi.org/10.3389/fpsyg.2017.00559
https://doi.org/10.3389/fpsyg.2017.00559


Pollnac, R. B. (1977). Illusion susceptibility and adaptation to the marine environment.
Journal of Cross-Cultural Psychology, 8, 425–434.

Posner, M. I., Rothbart, M. K., & Sheese, B. E. (2007). Attention genes. Developmental
Science, 10, 24–29. https://doi.org/10.1111/j.1467-7687.2007.00559.x.

Posner, M. I., Snyder, C. R., &Davidson, B. J. (1980). Attention and the detection of signals.
Journal of Experimental Psychology, 109, 160–174.

Rensink, R. A. (2000). Seeing, sensing, and scrutinizing. Vision Research, 40, 1469–14687.
Rivers, W. H. R. (1901). In A. C. Haddon (Ed.), Vol. 2. Reports of the Cambridge anthropo-

logical expedition to the torres straits: Cambridge University Press. chap. 1.
Rodger, H., Kelly, D. J., Blais, C., & Caldara, R. (2010). Inverting faces does not abolish

cultural diversity in eye movements. Perception, 39, 1491–1503. https://doi.org/
10.1068/p6750.

Sacks, O. (1997). The island of the colour-blind and cycad island. London: Picador.
Saribay, S. A., Rim, S., & Uleman, J. S. (2012). Primed self-construal, culture, and stages of

impression formation. Social Psychology, 43, 196–204. https://doi.org/10.1027/1864-
9335/a000120.

Segall, M. H., Campbell, D. T., & Herskovits, M. J. (1963). Cultural differences in the
perception of geometric illusions. Science, 139, 769–771.

Sekuler, R., & Erlebacher, A. (1971). The two illusions of M€uller-Lyer: Confusion theory
reexamined. American Journal of Psychology, 84, 477–486.

Simons, D. J., & Levin, D. T. (1997). Change blindness. Trends in Cognitive Sciences, 1,
261–267. https://doi.org/10.1016/S1364-6613(97)01080-2.

Simons, D. J., & Schlosser, M. D. (2017). Inattentional blindness for a gun during a simulated
police vehicle stop. Cognitive Research: Principles and Implications, 2, 37. https://doi.org/
10.1186/s41235-017- 0074-3.

S€oderlund, H., Moscovitch, M., Kumar, N., Daskalakis, Z. J., Flint, A., Herrmann, N., et al.
(2014). Autobiographical episodic memory in major depressive disorder. Journal of Abnor-
mal Psychology, 123, 51–60. https://doi.org/10.1037/a0035610.

Sovrano, V. A., da Pos, O., & Albertazzi, L. (2016). The M€uller-Lyer illusion in the teleost
fish Xenotoca eiseni. Animal Cognition, 19, 123–132.

Stevens, C. J. (2012). Music perception and cognition: A review of recent cross-cultural
research. Topics in Cognitive Science, 4, 653–667. https://doi.org/10.1111/j.1756-
8765.2012.01215.x.

Suganuma, E., Pessoa, V. F., Monge-Fuentes, V., Castro, B. M., & Tavares, M. C. (2007).
Perception of the M€uller-Lyer illusion in capuchin monkeys (Cebus apella). Behavioural
Brain Research, 182, 67–72.

Suh, E. M., Diener, E., & Updegraff, J. A. (2008). From culture to priming conditions: Self-
construal influences on life satisfaction judgments. Journal of Cross-Cultural Psychology, 39,
3–15. https://doi.org/10.1177/0022022107311769.

Suzuki, A., Goh, J. O., Hebrank, A., Sutton, B. P., Jenkins, L., Flicker, B. A., et al. (2011).
Sustained happiness? Lack of repetition suppression in right-ventral visual cortex for
happy faces. Social Cognitive and Affective Neuroscience, 6, 434–441. https://doi.org/
10.1093/scan/nsq058.

Talhelm, T., Zhang, X., Oishi, S., Shimin, C., Duan, D., Lan, X., et al. (2014). Large-scale
psychological differences within China explained by rice versus wheat agriculture.
Science, 344, 603–608. https://doi.org/10.1126/science.1246850.

Tardif, J., Fiset, D., Zhang, Y., Estephan, A., Cai, Q., Luo, C., et al. (2017). Culture shapes
spatial frequency tuning for face identification. Journal of Experimental Psychology: Human
Perception and Performance, 43, 294–306. https://doi.org/10.1037/xhp0000288.

Taylor, G. A. (2017). Perceptual errors in pediatric radiology.Diagnosis, 4, 141–147. https://
doi.org/10.1515/dx-2017-0001.

173Culture, perception, and memory

http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0465
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0465
https://doi.org/10.1111/j.1467-7687.2007.00559.x
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0475
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0475
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0480
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0485
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0485
https://doi.org/10.1068/p6750
https://doi.org/10.1068/p6750
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0495
https://doi.org/10.1027/1864-9335/a000120
https://doi.org/10.1027/1864-9335/a000120
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0505
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0505
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0510
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0510
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0510
https://doi.org/10.1016/S1364-6613(97)01080-2
https://doi.org/10.1186/s41235-017- 0074-3
https://doi.org/10.1186/s41235-017- 0074-3
https://doi.org/10.1037/a0035610
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0530
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0530
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0530
https://doi.org/10.1111/j.1756-8765.2012.01215.x
https://doi.org/10.1111/j.1756-8765.2012.01215.x
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0540
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0540
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0540
http://refhub.elsevier.com/S0079-7421(19)30021-0/rf0540
https://doi.org/10.1177/0022022107311769
https://doi.org/10.1093/scan/nsq058
https://doi.org/10.1093/scan/nsq058
https://doi.org/10.1126/science.1246850
https://doi.org/10.1037/xhp0000288
https://doi.org/10.1515/dx-2017-0001
https://doi.org/10.1515/dx-2017-0001


Tsai, W., Sun, M., Wang, S.-W., & Lau, A. S. (2016). Implications of emotion expressivity
for daily and trait interpersonal and intrapersonal functioning across ethnic groups. Asian
American Journal of Psychology, 7, 52–63. https://doi.org/10.1037/aap0000043.

Tulving, E., & Schacter, D. L. (1990). Priming and human memory systems. Science, 247,
301–306.

Turatto, M., Facoetti, A., Serra, G., Benso, F., Angi, M., Umiltà, C., et al. (1999).
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