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Abstract
Culture can shape memory, but little research has investigated age effects. The present study examined the neural correlates of 
memory retrieval for old, new, and similar lures in younger and older Americans and Taiwanese. A total of 207 participants 
encoded pictures of objects and, during fMRI scanning, completed a surprise object recognition task testing discrimina-
tion of similar and new from old items. Results show that age and culture impact discrimination of old from new items. 
Taiwanese performed worse than Americans, with age effects more pronounced for Taiwanese. The cultural differences in 
the engagement of left inferior frontal gyrus (LIFG) in younger adults (i.e., greater activity for old [for Taiwanese] or new 
items [for Americans]) were eliminated with age. The results are interpreted as reflecting cultural differences in orientation 
to novelty versus familiarity for younger, but not older, adults, with the LIFG supporting interference resolution at retrieval. 
Support is not as strong for cultural differences in pattern separation processes. Although Americans had higher levels of 
memory discrimination than Taiwanese, neither cultural nor age differences were found in hippocampal activity, which is 
surprising given the region’s role in pattern separation. The findings suggest ways in which cultural life experiences and 
concomitant information processing strategies can contribute to consistent effects of age across cultures or contribute to 
different trajectories with age in terms of memory.
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What and how we remember is influenced by various indi-
vidual difference factors, including the experiences of living 
in specific cultural contexts. Although research has revealed 
ways in which culture influences cognitive processes and 
their corresponding neural correlates, how cultural dif-
ferences in cognitive processes change with age is under-
studied. Investigating the joint effects of age and culture 
on cognition enables us to have a deeper understanding of 
whether a cognitive process depends more on experience-
independent aging factors or experiential factors, which 
could support the design potential interventions to reduce 
cognitive declines with aging or that are culturally appropri-
ate. Despite the importance of examining the joint effects, 
very little work has investigated the effects of culture with 
age. Thus far, some of the findings show consistency across 
cultures, with age effects generalizing across cultures or cul-
tural differences emerging across younger and older adults. 
For example, the tendency for higher rates of memory 
errors with age, primarily documented in Western popula-
tions (Balota et al., 1999; Roediger & McDermott, 1995), 
occurs for Turkish and American older adults (Gutchess 
& Boduroglu, 2019). Reductions in source memory (Chua 
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et al., 2006) and item-context binding (Yang et al., 2013b) 
with age generalize across cultures. Cross-cultural differ-
ences in the types of memory errors (Schwartz et al., 2014; 
Wang et al., 2019, 2021) extend to older adults (Gutchess & 
Boduroglu, 2019). Other research, however, suggests ways in 
which aging processes unfold differently across cultures. For 
example, American older adults employ a clustering strategy 
in memory more than Chinese older adults (Gutchess et al., 
2006) and Western advantages for categorical information 
may exaggerate memory differences with age across cultures 
(Yang et al., 2013a). Memory strategies focused on the self 
are less effective for Taiwanese older adults compared with 
Americans older adults (Zhang et al., 2020). Taken together, 
the behavioral memory studies show evidence for both the 
consistency of age-related changes across cultures and cul-
tural differences that are more pronounced with age. Of note, 
although cultural differences occur at the group level, this 
does not mean that all individuals from a cultural group have 
the same cognitive style that is entirely distinct from the 
cognitive style of another group. It is more often the case 
that the distributions of responses overlap with the central 
tendencies differing for the two cultural groups (Gutchess 
& Rajaram, 2023).

Despite the growing number of studies investigating 
the influence of culture on memory with age, there has 
been virtually no research incorporating measures of brain 
structure and function. Although neuroimaging methods 
can inform whether cultures differ in cognitive processes, 
the content of cognition, or task difficulty beyond behav-
ioral observations (Gutchess et al., 2011), only two stud-
ies (Chee et al., 2011; Goh et al., 2007) directly compare 
younger and older adults across cultures using a cognitive 
neuroscience approach. Specifically, Chee et al. (2011) 
compared brain structure (i.e., cortical thickness and 
volume) in younger and older East Asians and Western-
ers to test whether brain structure differs across cultures 
given the previous evidence of cross-cultural differences 
in cognitive processes (i.e., East Asians: holistic view vs. 
Westerners: analytic view; Nisbett & Miyamoto, 2005). 
They found that the cultural difference in brain structure in 
younger adults was reduced in older adults in general and 
that the age-related structural differences were pronounced 
and consistent across cultures. The sole study using func-
tional imaging (Goh et al., 2007) investigated the effects of 
age and culture on visual processing, and results showed 
some universal effects of age on hippocampal activity 
during object-scene binding. In terms of cultural differ-
ences, activity in object processing regions was impacted 
by age in Easterners more than Westerners. Importantly, 
this study used a passive viewing task that did not directly 
probe memory performance. Although the two neuroimag-
ing studies revealed consistent effects of age across cul-
ture, as well as attenuated cultural differences with age, 

it is still unknown how culture and age interact with each 
other on memory processes and their neural correlates.

The present study investigates cross-cultural differences 
in memory with age, comparing younger and older adults 
from Western (US) and Eastern (Taiwan) cultures using 
behavioral and neuroimaging methods. Past behavioral 
research comparing younger adults across cultures demon-
strates that Americans can have more accurate memory for 
the features of objects compared with East Asians (e.g., dis-
criminating one particular bicycle in memory from another 
visually similar exemplar), indicating cultural differences in 
memory specificity. This pattern may reflect holistic (East 
Asian culture) vs. analytic (Western culture) orientations 
(Millar et al., 2013). For instance, emphasizing harmony 
within a group in East Asian culture may lead East Asians to 
tend to have holistic styles in cognition, whereas emphasiz-
ing individual agents in Western culture may lead Western 
people to have more analytic styles in cognition (Nisbett 
et al., 2001; Varnum et al., 2010), ultimately leading to cul-
tural differences in attentional allocation when processing 
visual scenes (Boduroglu et al., 2009). The cultural differ-
ences in memory for objects have been observed regardless 
of whether objects were presented alone or against a back-
ground (Millar et al., 2013) and regardless of the congruency 
of the object-background pairing (Mickley Steinmetz et al., 
2018). In a more recent study (Leger et al., 2024b), Ameri-
can’s higher level of memory specificity compared to East 
Asians was found not only for concrete everyday objects 
but also for abstract figures. These results converge with 
related work on cultural differences in the amount of detail 
contained in autobiographical memories (Wang et al., 2011; 
see Wang, 2021 for a review). In some cases, cross-cultural 
differences in memory even extend to the discrimination of 
old from new items (Leger & Gutchess, 2021; Leger et al., 
2024b), with Americans exhibiting higher levels of memory 
performance compared with East Asians. These findings 
indicate powerful cultural differences in memory across 
different contexts and types of stimuli.

Impairments in memory, particularly in terms of the 
level of detail or specificity, can be pronounced with age 
and in age-related disorders, such as amnestic mild cognitive 
impairment (aMCI) or Alzheimer’s disease (AD) (Balota 
et al., 1999; Bowman et al., 2019; Gellersen et al., 2024; 
Paige et al., 2016). This means that establishing to what 
extent memory impairments are a pervasive effect of age 
or whether they vary depending on environmental factors 
or learned strategies based on cultural context is important 
to understand and potentially mitigate age-related deficits 
in memory.

The current study examines the interaction between age 
and culture on memory, focusing on memory specificity 
(i.e., differentiating similar from old items) and old-new dif-
ferences in memory, not only behaviorally but also neurally 
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using fMRI. Based on the previous neural findings (Baker 
et al., 2016; Lacy et al., 2011; Leger et al., 2024a), the hip-
pocampus and left inferior frontal gyrus (LIFG) are related 
to cultural differences in old-new discrimination. Thus, 
the current research investigates how cross-cultural differ-
ences in memory specificity and old-new discrimination are 
affected by age, using behavioral and neural measures with 
a focus on the hippocampus and LIFG.

Specifically, pattern separation, creating a new neural 
code for an item that differs from one seen previously, is 
one mechanism that has been proposed to support accurate 
and detailed memory (Yassa & Stark, 2011). This process 
contrasts pattern completion, which relies on reactivating 
the same neural code as for an exemplar seen previously. 
Pattern separation supports mnemonic discrimination or dis-
tinguishing similar experiences from each other. For exam-
ple, knowing the perceptual features that distinguish one’s 
sneakers from others’ sneakers allows one to retrieve the 
correct footwear at the end of yoga class. Regions of the hip-
pocampus exhibit distinct responses when pattern separation 
versus completion is required (Baker et al., 2016; Bakker 
et al., 2008; Doxey & Kirwan, 2015; Lacy et al., 2011; Liu 
et al., 2016; Yassa & Stark, 2011; but see Quiroga, 2020). As 
reviewed by Leal and Yassa (2018), the Cornu Ammonis 1 
(CA1) region exhibits a linearly decreasing response to inter-
ference between similar representations in memory, with the 
strongest signal when there is no interference. In contrast, 
the dentate gyrus (DG) and CA3 support pattern separation, 
depending on the input (these regions are referred to as DG/
CA3, because they cannot be distinguished from each other 
in in vivo human brain images). For example, the activity 
in the DG/CA3 is sensitive to subtle changes in items (Lacy 
et al., 2011) and an individual with lesions to the DG had 
difficulty in identifying similar items (i.e., lures) (Baker 
et al., 2016). With age, there is evidence for impairment 
of pattern separation, behaviorally and neurally (Leal et al., 
2017; Reagh et al., 2018; Stark et al., 2010, 2013, 2015; 
Yassa et al., 2011). These impairments are further exagger-
ated in aMCI (Stark et al., 2013) and related to markers of 
AD, such as beta amyloid (Adams et al., 2022). Tasks testing 
the ability to discriminate old from similar and new items, 
such as the Mnemonic Similarity Task (MST; Stark et al., 
2019), are sensitive at detecting memory impairments with 
age even before individuals have reached clinical levels of 
impairment (Stark et al., 2013). This contrasts traditional 
measures of old/new recognition memory that cannot dis-
tinguish cognitively unimpaired from impaired older adults.

For the hippocampus, the structure implicated in pattern 
separation and in forming and retrieving detailed memory 
representations, there is some evidence for cultural differ-
ences. Compared with Americans, East Asians had greater 
activation in the left hippocampus, along with the left para-
hippocampal and left fusiform gyri, when they successfully 

formed detailed memory representations during the encod-
ing stage that supported accurate performance at test (i.e., 
subsequent memory design; Paige et al., 2017). However, 
initial tests of pattern separation as a candidate mechanism 
did not provide support for the idea that cultural groups 
differ in this mechanism. Behaviorally, cultural differences 
emerged more broadly than merely for lures; Americans 
exhibit higher levels of memory accuracy for differentiating 
pictures of target objects from similar lures as well as from 
new objects compared with East Asians (Leger & Gutchess, 
2021; Leger et al., 2024b). Neural measures, which pro-
vide a stronger test of the involvement of the hippocampus 
in pattern separation, also failed to reveal cultural differ-
ences in the engagement of hippocampal regions during 
the discrimination of correct rejections from false alarms 
for similar lures during retrieval (Leger et al., 2024a). Note, 
however, that this study did not use high-resolution imaging 
to target the precise regions implicated in pattern separa-
tion and completion (e.g., DG/CA3; CA1). Nevertheless, 
testing for potential cultural differences in pattern separa-
tion and associated neural regions in older adult samples 
should provide a stronger test than the prior studies with 
younger adults, given the changes to these processes and 
brain regions that can occur with age.

In addition to testing the joint effects of age and culture 
on pattern separation, the present study will investigate the 
effects of these factors on old/new discrimination in memory. 
Although this measure is not precise in targeting age-related 
memory decline related to aMCI or AD, cultural differences 
of interest have emerged for old versus new comparisons in 
memory (Leger & Gutchess, 2021; Leger et al., 2024b). Dis-
criminating foils (new items) from targets (old items) during 
retrieval was associated with different patterns of recruit-
ment of left inferior frontal gyrus (LIFG), left middle frontal 
gyrus, and right hippocampus across culture groups (Leger 
et al., 2024a). Interestingly, Americans tended to engage these 
regions more when correctly identifying new compared with 
old items, whereas Taiwanese engaged the regions more for 
old than new items. We speculated that these differences could 
reflect cultural differences in memory states (Long & Kuhl, 
2021), such as attending to old (retrieval orientation) versus 
new (encoding orientation) information, which could support 
more detailed encoding processes for Americans such that 
they experienced less interference at retrieval. In contrast, 
if Taiwanese do not encode information into memory in as 
much detail, they may be prone to experience more inter-
ference at retrieval, necessitating the engagement of regions 
such as LIFG to resolve interference (Badre, 2008; Badre & 
D’Esposito, 2007; Badre & Wagner, 2005, 2007). Although 
these proposed explanations require direct tests using appro-
priate tasks that manipulate interference, the findings provided 
a basis to compare groups of older adults across cultures on 
old/new discrimination during memory retrieval.
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To examine the interactive effects of age and culture on 
memory retrieval behaviorally and neurally, the present 
study builds on the younger adult samples investigated 
in Leger et al. (2024a) by adding older adult samples of 
Americans and Taiwanese. To this end, younger and older 
American and Taiwanese participants completed the MST, 
a surprise memory recognition task for targets (i.e., studied 
objects), lures (i.e., objects similar to the targets), and foils 
(i.e., new objects) during fMRI scanning. To behaviorally 
assess the effects of age on cultural differences in memory, 
we compared the groups on memory decisions related to 
pattern separation (i.e., correct rejections vs. false alarms for 
lures) and old versus new discrimination (i.e., hits for targets 
vs. correct rejections of foils). Neurally, the groups’ activa-
tion during memory retrieval for similar items (i.e., pattern 
separation) and old versus new discrimination was compared 
in hippocampal and LIFG regions of interest (ROIs), based 
on the importance of these regions in prior research.

Regarding the interactive effects of age and culture, we 
hypothesized that one of two potential patterns of outcomes 
may occur. For one, cultural differences in memory speci-
ficity could be enlarged in older compared with younger 
adults. Such a pattern would reflect the greater accumu-
lation of culturally specific lifetime experiences with age 
(Gutchess & Cho, 2024; Gutchess & Gilliam, 2022; Park 
et al., 1999). Any potential buffering effects of culture may 
be even more pronounced with age in the case of a cogni-
tively demanding task, such as memory discrimination. For 
the samples of younger adults in the present study, no cul-
tural differences in behavioral performance were observed 
in Leger et  al. (2024a) (perhaps reflecting the visually 
impoverished environment of the scanner compared to the 
lab). For older adults, therefore, we predicted cultural differ-
ences in memory performance such that Americans would 
have higher levels of memory discrimination performance 
than Taiwanese. Neurally, we predicted cultural differences 
in the hippocampus, given its role in pattern separation, 
which declines with age (Yassa et al., 2011), and in LIFG, 
as seen for younger adults (Leger et al., 2024a). Specifi-
cally, we predicted that the patterns of cultural differences 
seen previously in young adults—that of greater engagement 
of the hippocampus and LIFG for new compared with old 
items for Americans, whereas the pattern was reduced or 
reversed for the Taiwanese—would be enlarged for older 
adults. Such a finding would reflect their greater reliance on 
culturally preferred strategies over the lifespan to compen-
sate for age-related declines. The second possibility is that 
memory changes with age may be pervasive and potentially 
universal, reflecting the strong influence of biological aging 
processes in memory (Head et al., 2008; Korkki et al., 2020; 
Yassa et al., 2011). In this case, cultural differences would 
be reduced with age owing to the inability to implement 
culturally specific strategies that are cognitively demanding 

(Gutchess & Cho, 2024; Park et al., 1999). In other words, 
only age effects would be found in behavioral performance 
and in hippocampal engagement (Leal et al., 2017; Reagh 
et al., 2018; Yassa et al., 2011) and the cultural differences 
identified for younger adults in their recruitment of LIFG 
in Leger et al. (2024a) would be reduced or eliminated with 
age. The current study will investigate joint effects of age 
and culture on both regions, as well as in the whole-brain 
using exploratory analyses. To our knowledge, this study is 
the first study to examine the joint effects of culture and age 
on memory using neural measures.

Method

Participants

A total of 228 participants (60 American younger, 58 Tai-
wanese younger, 50 American older, and 60 Taiwanese 
older adults) completed the Mnemonic Similarity Task 
(MST) during MR scanning. Of the 228 participants, 21 
were excluded from data analyses for the following rea-
sons: excessive motion during the scan (please see the “Data 
acquisition and preprocessing” section for details; n = 5); 
low performance during the MST (i.e., old vs. new discrimi-
nation was below chance or the number of trials of correct 
rejections for similar items was less than 5; n = 5); brain 
structural abnormalities (e.g., fissures in the frontal cortex; 
n = 4); a coil issue during the scan (n = 1); failure to meet 
inclusion guidelines (e.g., Americans with Asian ethnicity; 
n = 2); and procedural errors (i.e., incorrect files run or miss-
ing data files; n = 4). Thus, the final sample consisted of 55 
American younger adults, 54 Taiwanese younger adults,1 
43 American older adults,2 and 55 Taiwanese older adults.

Based on a power analysis for a 2 (Age: younger vs. 
older) × 2 (Culture: American vs. Taiwanese) × 2 (Response 
to similar items: correct rejection vs. false alarm; the vari-
able of interest for which culture and age differences are 
expected based on the previous literature) repeated meas-
ures ANOVA using the G*Power (Faul et al., 2007), the 
required sample size for a medium effect size (f = 0.25; 

1 A cultural comparison of young adults was published in Leger 
et  al. (2024a). However, the young adult samples between Leger 
et  al. (2024a) and the current paper differ in that one Taiwanese 
young adult from the previous paper was excluded in the present 
study because of the use of different criteria to determine excessive 
motion (see “Data acquisition and preprocessing” section for details). 
In addition, behavioral data were recalculated to exclude trials with 
missing responses, rather than treating those trials as errors.
2 For analyses, four American older adults only had data from 3 runs 
(out of 4) owing to experimenter error or the participant terminating 
the scan mid-run. In cases where parts of runs were repeated, we used 
the trials in which participants saw the images for the first time.
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based on G*Power’s conventional effect size calculation), 
alpha = 0.05, and 1-β = 0.8 was at least 34 participants per 
group. We aimed to recruit larger sample sizes to detect sta-
ble and robust cultural effects.

Regarding culture, American and Taiwanese in the cur-
rent study were defined as people who were born in the 
United States and Taiwan, respectively, and who had not 
lived in another country for more than 5 years. Americans 
were recruited from Brandeis University and the greater 
Boston area; Asian Americans were excluded because of 
the possibility of being exposed to elements of both cultures. 
Taiwanese were recruited from National Taiwan University 
and the surrounding Taipei area. They were recruited from 
both labs’ databases of interested participants and from the 
general public by using advertisements and mailings. Poten-
tial participants were screened for neurological disorders 
(e.g., no usage of medications or self-reported neurologi-
cal, physical, or psychological conditions that can impact 
the central nervous system). Participants were asked to com-
plete the following three sessions: an online battery of ques-
tionnaires that took approximately 30 min, an interactive 

session with neuropsychological tests in person or via zoom 
(when necessitated by the COVID-19 pandemic) that lasted 
1.5–2 h, and a scanning session that took approximately 
1.5 h. Please see Table 1 for detailed demographic infor-
mation of the sample. Performance on neuropsychological 
tests was high at the group level (Table 1), and we did not 
explicitly exclude participants for cognitive impairment for 
samples to be as representative as possible of each group. 
The current work was approved by local institutional ethics 
committee in the United States and Taiwan, respectively, 
complying with the Declaration of Helsinki.

Neuropsychological tests

The neuropsychological battery included the Montreal 
Cognitive Assessment (MoCA; Nasreddine et al., 2005), 
the Rey–Osterrieth complex figure (ROCF; Meyers, 1994; 
Osterrieth, 1944), the Wechsler Adult Intelligence Scale 
(WAIS)-III Vocabulary (Wechsler, 1997), the California 
Verbal Learning Test Second Edition (CVLT-II, Delis et al., 
2000), the Corsi block-tapping test (Corsi, 1972), Trail 

Table 1  Means and standard deviations of demographic information and neuropsychological test scores of younger and older American and Tai-
wanese participants

Significance: *p < .05; **p < .01; ***p < .001
Sex is reported as the number of self-reported males, females, and nonbinary or other. For the CVLT: “learning” represents the sum of recall 
from trials 1–5; SD = short-delay; LD = long-delay. Missing data: 5 Taiwanese older adults and 2 Taiwanese younger adults did not complete any 
of the tests from the neuropsychological battery. Age information is missing for 1 American older adult; Education refers to years of education 
and it is missing for 2 Taiwanese older adults; MoCA scores are missing for 2 American older adults; ROCF recognition scores are missing for 1 
Taiwanese older adult, 1 American older adult, and 1 American younger adult; WAIS-III Vocabulary scores are missing for 1 American younger 
adult; TMT scores are entirely missing for 1 American older adult and 1 American younger adult, and the second trails score is missing for 1 
American younger adult; both forward and backwards digit span scores are missing for 1 American younger adult

Americans Taiwanese Significance

Younger Older Younger Older Age Culture Age x culture

Age 21.27 (3.26) 72.12 (1.96) 23.24 (2.45) 69.96 (4.09) *** ***
Education 15.20 (2.04) 17.10 (1.97) 16.73 (1.99) 15.04 (3.07) ***
Sex 26 M, 29 F 22 M, 21 F 28 M, 26 F 24 M, 31 F — — —
MoCA 28.26 (1.62) 26.61 (2.37) 28.87 (1.44) 26.72 (2.64) ***
WAIS Vocabulary 54.22 (6.76) 56.52 (7.33) 52.48 (6.87) 55.60 (7.50) **
ROCF—Recognition 20.87 (1.59) 19.76 (1.96) 20.90 (2.54) 19.63 (2.15) ***
CVLT
 Learning 63.11 (7.28) 50.89 (10.25) 58.41 (14.53) 52.54 (10.27) *** *
 SD free recall 13.71 (1.85) 10.05 (3.19) 13.39 (2.90) 10.72 (3.16) ***
 LD free recall 14.27 (1.80) 10.51 (2.90) 14.08 (2.24) 11.30 (3.11) ***
 Recognition 15.60 (0.76) 14.84 (1.15) 15.46 (1.02) 14.72 (1.81) ***
Corsi Blocks
 Forward 9.56 (1.62) 7.35 (1.82) 10.56 (1.91) 8.50 (1.68) *** ***
 Backward 8.98 (1.60) 6.81 (1.89) 9.56 (1.55) 7.54 (1.82) *** **
TMT
 Trails 1 time 31.61 (12.16) 50.91 (24.41) 31.62 (12.53) 58.54 (19.39) ***
 Trails 2 time 60.19 (15.67) 100.91 (34.30) 59.29 (13.49) 113.80 (43.18) ***
 Category Fluency—Total 53.66 (7.12) 49.47 (7.93) 58.09 (16.03) 51.84 (10.05) ** *
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Making Test-Color (TMT; D'Elia et al., 1996), and category 
fluency test (Hua et al., 1997; Lezak et al., 2004). Based on 
consultation with a neuropsychologist, tests were chosen to 
sample a number of cognitive domains (e.g., memory, execu-
tive function) and to be culture-fair (e.g., using the Color 
Trail-making test that includes Arabic numbers and colors, 
instead of using the standard Trail-making test that includes 
English letters), drawing on tests that have been used suc-
cessfully across cultures. Table 1 shows neuropsychological 
test scores.

Mnemonic similarity task

During scanning, participants completed the Mnemonic 
Similarity Task (MST; Kirwan et al., 2007; Stark et al., 
2015). The MST consisted of two phases (see Fig. 1 for 
the structure of the task and example stimuli). First, in the 
encoding phase, participants saw 128 images of objects (e.g., 
balloons, flowers, frying pan) presented one at a time for 4 s. 
To ensure participants were attending to the stimuli, they 
decided whether each object belonged indoors or outdoors 
by pressing keys on the button box with their right hand. 
Because of time constraints, structural brain images were 
acquired during the encoding phase. Next, participants com-
pleted a resting-state scan in which they viewed a fixation 
cross on the screen for ~ 7 min.3 After that, they completed 
the test phase of the MST as a surprise recognition test, 
and fMRI data were collected. In this phase, participants 

viewed 192 images of objects one at a time for 4 s followed 
by jittered fixation (between 800 ms to 12,000 ms) and had 
to decide whether they had seen an object previously (i.e., 
“old”) or they had not (i.e., “new”) by pressing a button on 
the button box with their right hand. Of the 192 images, 
64 images were the objects that participants had seen dur-
ing the encoding phase (i.e., Targets), another 64 images 
were the objects similar to the objects that they had seen in 
the encoding phase (i.e., Lures), and the other 64 images 
were new objects (i.e., Foils). They were instructed to call 
lure objects “new.” The order of images presented in each 
condition was random, and the stimulus was presented in 
PsychoPy (Peirce et al., 2019). The order of trial types and 
the duration of fixation between trials were determined using 
Optseq, which optimizes the jitter and presentation order of 
presented stimuli accounting for the hemodynamic response 
function (Dale, 1999). There were 4 runs (48 images for 
each run) in the test phase, and each run took 6 min and 
31 s. Stimuli were originally selected to be the most similar 
pairs from sets of 15–30 based on normative ratings (Kirwan 
et al., 2007). Images were projected onto a screen, and par-
ticipants viewed the screen via mirrors attached to the head 
coil. Images were viewed at approximately 6–7 degrees of 
visual angle.

For behavioral measures, we used d’ and c scores. The 
d’ scores indicate memory sensitivity to discriminate old 
from new items, calculated as the z score of hits – z score 
of false alarms. We calculated Target-Foil d’ (i.e., z score 
of “old”|Targets – z score of “old”|Foils) and Target-Lure 
d’ (i.e., z score of “old”|Targets – z score of “old”|Lures), 
measuring one’s sensitivity to discriminate targets and foils 
and discriminate targets and lures, respectively. Therefore, 

Fig. 1  Task structure and example stimuli for the Mnemonic Similar-
ity Task (MST). The ice cream cone is an example of a target (denoted 
with a red frame at test), the flowers and balloons are examples of 

lures (denoted with blue frames), and the dresser and frying pan 
are the examples of foils (denoted with black frames). (Color figure 
online)

3 Comparison of young adult resting state data across cultures has 
been published in Zhang et al. (2022).
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Target-Lure d’ is the most relevant measure to pattern sepa-
ration. Response bias c scores indicate one’s tendency to 
respond “old” or “new,” calculated by averaging z scores 
of hits and those of false-alarms and then multiplying the 
averaged z scores by − 1 (Stanislaw & Todorov, 1999). If 
the c scores are positive values, it means individuals have 
greater tendency to respond “new,” whereas if the c scores 
are negative values, it means individuals have greater ten-
dency to respond “old.” Because scores cannot be calculated 
when values are at ceiling or floor, rates of 1 were adjusted 
to  (Ntrials −1)/  Ntrial and rates of 0 were adjusted to 1/Ntrials.

Neuroimaging data

Data acquisition and preprocessing

In both the United States and Taiwan, 3 T Siemens MAG-
NETOM Prisma whole-body MRI systems (Siemens Medi-
cal Solutions, Erlangen, Germany) were used. In the United 
States, neuroimaging data were collected at Center for 
Brain Science at Harvard University, Cambridge, MA. In 
Taiwan, the data were collected at the Imaging Center for 
Integrated Body, Mind, and Culture Research at National 
Taiwan University, Taipei. We first conducted calibration 
scans with the same participants tested across sites to ensure 
no meaningful differences in global signal occurred across 
the scanners (Chen et al., 2020). To obtain images, we used 
a 64-channel head coil and simultaneous multi-slice scan-
ning (Moeller et al., 2010; Xu et al., 2013), which enabled 
us to acquire 2.3-mm thick slices with whole-brain cover-
age using an echo-planar image sequence (with TE = 25 ms, 
TR = 800 ms, FOV = 220 mm, and flip angle = 60°). For high 
resolution T1-weighted images, a multi-echo MPRAGE 
sequence (van der Kouwe et al., 2008) was used to acquire 
176 1.0- × 1.0- × 1.0-mm slices (with short TE = 1.69 ms, 
long TE = 7.27 ms, TR = 2,530.0 ms, FOV = 256 X 256 mm, 
and FA = 7°) were acquired. For preprocessing, we used 
fMRIPrep 20.0.6 (Esteban et al., 2019); please see Leger 
et  al. (2024a) for more details on data acquisition and 
preprocessing.

The current analyses used the following criteria to define 
excessive motion: participants whose average of framewise 
displacement across all runs was greater than 0.5 or whose 
averaged number of images flagged as motion outliers dur-
ing preprocessing pipeline across all runs was more than 
30% of the images contained in a single run (i.e., 139) were 
excluded. The criteria were set independently from those 
used in Leger et al. (2024a) to be appropriate for samples 
of older adults. After preprocessing steps, Diffeomorphic 
Anatomical Registration Through Exponentiated Lie algebra 
(DARTEL) (Ashburner, 2007) was used to create a tem-
plate from the final sample of participants to have a cul-
ture- and age-fair brain template for normalization to MNI 

space. Specifically, the standard practice of normalizing 
each participant’s brain to MNI space directly could result 
in a culture- and age-bias. This is because the MNI template 
is created using brain images of primarily Western young 
adults. This means that directly normalizing participants’ 
brain to the MNI template can be biased toward Americans 
and/or younger adults. For example, differences in skull 
shape have been noted such that brains of Asian people 
are rounder compared with the elongated brains of White 
people and older adults have more atrophy than younger 
adults. Thus, greater warping may be necessary for older 
and/or Taiwanese brains. To address this potential problem, 
we used DARTEL to create a mean template specific to our 
sample, which was based on the final sample of participants 
from all groups. All individual data were first spatially nor-
malized to the specific template for this study and then to 
the MNI template space.

General linear model

We used SPM12 (Wellcome Department of Cognition 
Neurology, London, UK) for analyses. At the first-level, 
five behavioral regressors were constructed: hits for targets 
(“old”|Targets), correct rejections for lures (“new”|Lures), 
false alarms to lures (“old”|Lures), correct rejections for 
foils (“new"|Foils), and a regressor of no interest collaps-
ing misses for targets (“new”|Targets) and false alarms to 
foils (“old”|Foils), due to small numbers of trials in these 
conditions. Each trial was modeled using a delta function 
(i.e., stimulus onset; duration = 0) and convolved with the 
hemodynamic response function. Also, six motion vectors 
(i.e., x, y, z, pitch, roll, yaw) and the five largest anatomical 
component-based noise correction (aCompCor) components 
from preprocessing steps were included as regressors.

To assess neural activity related to pattern separation, 
contrasts between correct rejections of lures and false alarms 
to lures were created. We next ran a 2 (age: younger vs. 
older) × 2 (culture: American vs. Taiwanese) full factorial 
model in SPM12. To compare neural activity to discrimina-
tion of old from new stimuli, the same analytic approach was 
applied by using the contrasts between hits for targets and 
correct rejections for foils.

We adopted a region of interest (ROI) approach to tar-
get regions for which we had the strongest a priori predic-
tions and to aid in interpreting comparisons across the four 
groups. Because regions of the hippocampus are involved 
in pattern separation (Leal & Yassa, 2018; Yassa & Stark, 
2011), we created a bilateral hippocampus mask by using the 
automatic anatomical labeling (AAL) atlas from the WFU 
PickAtlas Tool. In addition to examining the hippocampus, 
we examined the joint influences of age and culture on the 
response of left inferior frontal gyrus (LIFG) as a second 
region of interest. This region was selected because cultures 
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differed in the recruitment of the region in the previous com-
parison of old versus new memory in younger adults (Leger 
et al., 2024a). We probed the LIFG to examine whether 
the pattern of cultural differences seen in younger adults 
extended to older adults or whether aging mitigated these 
cultural differences. To do so, we created a LIFG mask based 
on the region that emerged in the comparison of younger 
adults across cultures. That is, we re-ran the contrast that 
yielded cultural differences in the paper comparing younger 
adults (Leger et al., 2024a) in our sample of younger adults 
(see footnote 1): old > new discrimination (hits for targets vs. 
correct rejections for foils) in Younger Taiwanese > Younger 
Americans. Using a threshold of p < 0.001 and k = 116, cal-
culated based on AFNI 3dClustSim algorithm (Cox & Hyde, 
1997; Cox et al., 2017) for old versus new discrimination to 
achieve a corrected p < 0.05, a cluster that included the LIFG 
was the only region to emerge (k = 558). The AFNI 3dClust-
Sim estimates the whole-brain probability of finding a clus-
ter size k that will satisfy a whole-brain cluster-wise FWE 
error rate of p < 0.05 based on the spatial variation informa-
tion in the data. The AFNI cluster correction method can be 
used for multiple comparisons correction by first combining 
the residuals from the second level analysis model into a sin-
gle file. Then, the “acf” values from running 3dFWHMx on 
the single file were used with 3dClustSim to generate clus-
ter thresholds. Thus, we generated a functional ROI mask 
from this region, which includes triangular and orbital IFG 
as well as left frontal operculum [peak voxel: − 41, 25, 0], 
Brodmann’s areas: BA 47, 45, 38). Because this mask was 
generated by using the younger adult data from this sample, 
the focus will be on comparing older adults across cultures; 
data from younger adults will be included for comparison 
with the older adults.

To conduct ROI analyses, we extracted betas from each 
of the two ROIs for each participant, and then ran 2 (age: 
younger vs. older; between-subject) × 2 (culture: American 
vs. Taiwanese; between-subject) × 2 (condition; the analysis 
of pattern separation compares correct rejections vs. false 
alarms for lures and the analysis of old vs. new discrimina-
tion compares hits for targets vs. correct rejections of lures). 
Both comparisons of memory conditions were conducted in 
both ROIs. ANOVAs were run using IBM SPSS Statistics 
(Version 29).

In addition to the ROI comparisons, we also conducted 
exploratory whole-brain analyses. Given the absence of 
fMRI data on cross-cultural comparisons of memory, par-
ticularly including samples of older adults, this approach 
allows for the identification of additional regions that are 
engaged differently across culture and age groups. We used 
the criteria of p(unc.) < 0.005 for voxel thresholds and 
k = 299 for pattern separation and p(unc.) < 0.005 for voxel 
thresholds and k = 318 for old versus new discrimination 
to achieve a whole-brain cluster-wise family-wise error 

of p(FWE) < 0.05. These are calculated based on AFNI 
3dClustSim algorithm. Given the absence of significant 
whole-brain effects using the above cluster sizes, a more 
lenient threshold of p = 0.001 (uncorrected) at the voxel level 
and k = 10 was also used.

Results

Behavioral tasks

Demographics and neuropsychological tasks

Table 1 reports scores for each group, and the results of 
2 × 2 ANOVAs comparing age and culture groups. Aside 
from the WAIS Vocabulary task, for which older adults had 
higher scores than younger adults, younger adults had higher 
or faster scores than older adults. Although the Taiwanese 
younger adults were slightly older with more years of edu-
cation compared with the American younger adults and the 
Taiwanese older adults slightly younger with fewer years 
of education compared with the American older adults, the 
samples were overall well-matched across cultures on cog-
nitive ability. Taiwanese had higher scores than Americans 
on the Corsi blocks and Category Fluency Task, there was 
a larger age differences in CVLT learning scores for Ameri-
cans compared with Taiwanese, but there were no cultural 
differences in tests of cognitive orientation (MoCA), vocab-
ulary (WAIS Vocabulary), long-term memory (ROCF and 
CVLT), or executive function (TMT).

MST

A 2 (age: younger vs. older; between-subject) × 2 (culture: 
American vs. Taiwanese; between-subject) × 2 (memory 
condition: Target-Foil vs. Target-Lure; within-subject) anal-
ysis of variance (ANOVA) was conducted. The dependent 
variables were memory discrimination (d’) and response 
bias (c). Supplemental Table S1 includes the average num-
ber of trials and proportion of responses for each condition 
and group.

Memory discrimination (d’) There was a significant main 
effect of age, F(1, 203) = 48.20, p < 0.001, �2

p
 = 0.19, such 

that younger adults had higher levels of memory performance 
than older adults. The significant main effect of culture, F(1, 
203) = 20.04, p < 0.001, �2

p
 = 0.09, occurred due to Americans’ 

overall higher level of memory performance compared to Tai-
wanese. There was a main effect of condition such that mem-
ory performance in the Target-Foil condition was higher than 
in the Target-Lure condition, F(1, 203) = 1575.04, p < 0.001, 
�
2

p
 = 0.89. In terms of interactions, there was a significant 

interaction of Culture x Memory Condition, F(1,203) = 9.46, 
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p < 0.005, �2
p
 = 0.05, and critically, a significant interaction 

of Age x Culture x Memory Condition, F(1,203) = 7.49, 
p < 0.01, �2

p
 = 0.04. No other interactions approached signifi-

cance, ps > 0.18. Results are displayed in Fig. 2.
To further understand the nature of the 2 × 2x2 interac-

tion, we conducted two separate 2 (age: younger vs. older; 
between-subject) × 2 (culture: American vs. Taiwanese; 
between-subject) ANOVAs to compare the influence of 
these factors on each memory condition. For the Target-Foil 
ANOVA, there were main effects of age, F(1, 203) = 22.28, 
p < 0.001, �2

p
 = 0.10, and culture, F(1, 203) = 19.02, 

p < 0.001, �2
p
 = 0.09. The interaction of age x culture was 

significant, F(1, 203) = 4.05, p < 0.05, �2
p
 = 0.02. To further 

understand the nature of the interaction, we broke it down 
with two independent samples t-tests comparing the age 
groups within each culture. For the Americans, there was 
no significant difference between the performance of the 
younger and older adults, t(96) = 1.71, p = 0.09. In contrast, 
the younger Taiwanese had higher levels of memory perfor-
mance than the older Taiwanese, t(107) = 5.36, p < 0.001.

For the Target-Lure ANOVA, both main effects of cul-
ture, F(1, 203) = 12.56, p < 0.001, �2

p
 = 0.06, and age, F(1, 

203) = 85.02, p < 0.001, �2
p
 = 0.30, were significant, but the 

interaction was not significant, p = 0.80.

Memory response bias (c) There was a significant main 
effect of condition such that participants were less likely to 
report seeing “old” items in the Target-Foil condition than 
in the Target-Lure condition, F(1,203) = 1575.04, p < 0.001, 
�
2

p
 = 0.89. In terms of interactions, there was a significant 

interaction of culture x memory condition, F(1,203) = 9.46, 
p < 0.005, �2

p
 = 0.05, and critically, a significant interac-

tion of age x culture x memory condition, F(1,203) = 7.49, 
p < 0.01, �2

p
 = 0.04. No other main effects or interactions 

approached significance, ps > 0.41. Memory response bias 
(c) values are reported in Table 2.

To further understand the nature of the 2 × 2x2 interac-
tion, we separately analyzed each age group by conduct-
ing two 2 (culture: American vs. Taiwanese; between-sub-
ject) × 2 (memory condition: Target-Foil vs. Target-Lure; 
within-subject) ANOVAs. For the younger adults, there 
was a significant main effect of memory condition, F(1, 
107) = 793.47, p < 0.001, �2

p
 = 0.88, but neither the main 

effect of culture nor the interaction of culture x memory con-
dition approached significance, ps > 0.80. The older adults 
also exhibited a significant main effect of memory condi-
tion, F(1, 96) = 788.34, p < 0.001, �2

p
 = 0.89, but the main 

effect of culture did not approach significance, p > 0.40. 
Critically, there was a significant interaction of culture x 

Fig. 2  Memory discrimination (d’) for the American and Taiwanese younger and older adults for conditions TF (Target-Foil) and TL (Target-
Lure) on the Mnemonic Similarity Task (MST). Error bars represent standard errors. (Color figure online)

Table 2  Means and standard deviations (SD) for response bias (c) across age and culture groups

Americans Taiwanese

Younger Older Younger Older

Mean SD Mean SD Mean SD Mean SD

Target-Foil 0.20 0.31 0.22 0.37 0.21 0.31 0.18 0.45
Target-Lure  − 0.59 0.32  − 0.70 0.48  − 0.58 0.36  − 0.51 0.48
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memory condition, F(1, 96) = 16.55, p < 0.001, �2
p
 = 0.15. 

Follow-up independent samples t-tests revealed that the 
American older adults’ Target-Lure c values tended to be 
lower than their Taiwanese counterparts (i.e., American 
older adults displayed greater tendency to respond “old,” 
having a more liberal bias, compared with Taiwanese older 
adults), t(96) = 1.94, p < 0.06, although this effect did not 
reach traditional levels of significance. In contrast, there was 
no evidence of cultural difference in older adults for the c 
values in the Target-Foil c condition, p = 0.60.

Functional MRI

To examine the joint effects of age and culture, we con-
ducted a priori ROI analyses to investigate neural activity 
related to pattern separation as well as old/new discrimi-
nation. In addition, we conducted whole-brain exploratory 
analyses (see Supplemental Materials).

Pattern separation (Correct rejections vs. false alarms 
for lure items)

Two ROIs (i.e., bilateral hippocampus and LIFG) were 
used for ROI analyses (Fig. 3). For the bilateral hippocam-
pus ROI, none of the effects approached significance 
(ps > 0.10). For the LIFG ROI, results are shown in Fig. 4. 
Most importantly, there was no significant interaction of 
age x culture x condition, F(1, 203) = 0, p = 1.00. However, 
we observed a significant interaction of culture x condi-
tion, F(1, 203) = 6.74, p = 0.01, �2

p
 = 0.03. Post-hoc analysis 

with a Bonferroni adjustment (estimated marginal means) 
showed that Americans had significantly higher activation 
in this region for correct rejections compared to false alarms 

(p = 0.004), whereas brain activity between correct rejec-
tions and false alarms did not differ for Taiwanese (p = 0.49). 
In addition, there was a significant interaction of age x con-
dition, F(1, 203) = 5.34, p = 0.022, �2

p
 = 0.03. Specifically, 

younger adults showed significantly greater brain activity for 
correct rejections compared with false alarms (p = 0.004), 
but the conditions did not significantly differ for older adults 
(p = 0.65). The main effect of age was also significant, F(1, 
203) = 15.32, p < 0.001, �2

p
 = 0.07, such that older adults 

demonstrated significantly more activity overall compared 
with younger adults. No other effects were significant, 
ps > 0.06.

Old vs. new (Hits for targets vs. correct rejections for foils)

For the bilateral hippocampal ROI, results are shown in 
Fig. 5. Most importantly, there was no significant inter-
action of age x culture x condition, F(1, 203) = 0.14, 
p = 0.71. However, we found a significant interaction of 
culture x condition, F(1, 203) = 6.70, p = 0.01, �2

p
 = 0.03, 

such that Americans displayed greater activity for correct 
rejections of foils compared to hits to targets (p = 0.008), 
whereas such differences were not found in Taiwanese 
(p = 0.34). This effect emerged in the previous analysis of 
younger adult data across cultures (Leger et al., 2024a); 
these analyses demonstrate that the pattern extends across 
younger and older adults. None of the other effects were 
significant, ps > 0.05.

For the LIFG ROI, results are shown in Fig. 6. Criti-
cally, there was a significant age x culture x condition 
interaction, F(1, 203) = 7.87, p = 0.006, �2

p
 = 0.04. Spe-

cifically, American younger adults displayed greater acti-
vation for correct rejections of foils than hits for targets 

Fig. 3  ROIs: (A) the bilateral hippocampus structural ROI and (B) the LIFG ROI defined based on younger adults’ functional data. (Color figure 
online)
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(p < 0.001), whereas the opposite pattern was found in 
Taiwanese younger adults (p = 0.002). However, in older 
adults from both countries, the activations were not sig-
nificantly different between hits for targets and correct 
rejections for foils (ps > 0.06). Extending the previous 
research based on younger adults (Leger et al., 2024a), the 
results suggest that the cross-cultural differences present 
in younger adults do not extend to older adults. A signifi-
cant interaction of culture x condition was also observed, 
F(1, 203) = 20.33, p < 0.001, �2

p
 = 0.09, such that Ameri-

cans had higher levels of activation for correct rejections 
of foils compared to hits for targets (p = 0.004), whereas 
Taiwanese showed the opposite pattern (p < 0.001). The 
main effect of age was also significant, F(1, 203) = 38.48, 
p < 0.001, �2

p
 = 0.16. Specifically, older adults displayed 

higher levels of overall activations than younger adults. 
None of the other effects were significant, ps > 0.11.

Discussion

The current study examined joint effects of age and culture 
on memory using behavioral and neural measures. Extend-
ing a previous study that investigated cross-cultural differ-
ences in memory using the Mnemonic Similarity Task (Stark 
et al., 2019) to compare American and Taiwanese younger 
adults (Leger et al., 2024a), the present study added Ameri-
can and Taiwanese older adults. The present study makes 
five main contributions to the understanding of the com-
bined effects of age and culture on memory.

First, we hypothesized that pattern separation, based on 
the comparison of correct rejections and false alarms to 
lures, would serve as a potential mechanism to account for 
cross-cultural differences in memory specificity. Behavio-
rally, Americans had higher levels of memory performance 
(d’) than Taiwanese on measures associated with pattern 

Fig. 4  Beta weights from the LIFG ROI mask for pattern separation (i.e., correct rejections vs. false alarms for lures) for each group. Error bars 
represent standard errors. Notes. Negative betas indicate the activation within the area is lower than baseline (i.e., fixation rest). (Color figure 
online)
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for each group. Error bars represent standard errors. (Color figure online)
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separation. This notably differs from our prior publica-
tion of the younger adult data (Leger et al., 2024a), which 
failed to detect cultural differences owing to the inclusion 
of an additional (lure-foil) condition that prevented us from 
detecting this effect.4 However, despite finding evidence 
for behavioral differences across cultures, we do not have 
strong support that cultural differences are specific to pattern 
separation. This is because neurally there were no effects of 
culture on hippocampal activity, which is the region most 
strongly associated with pattern separation (Leal & Yassa, 
2018; Yassa & Stark, 2011). The lack of cultural differences 
in the hippocampus was true whether collapsing across age 
groups or testing for interactions with age. Moreover, the 
results can be considered in light of the typical effects of age, 
regardless of culture. Older adults performed worse than 
younger adults on behavioral measures of pattern separa-
tion, consistent with the previous literature (Leal et al., 2017; 
Reagh et al., 2018; Stark et al., 2010, 2013, 2015; Yassa 
et al., 2011). However, our study failed to find age differ-
ences in hippocampal activity. We speculate that the lack 
of hippocampal findings reflects the need to adopt a more 
fine-grained approach to distinguish subfields of the hip-
pocampus, rather than our blunter ROI approach.

Pattern separation analyses revealed a second effect. 
Cultures differed in LIFG activity such that Americans—
collapsing across age groups—engaged the regions more 
for correct rejections compared with false alarms of lures, 
whereas activity in the Taiwanese did not differ across the 
conditions. This finding extends the cultural difference in 
LIFG engagement identified in young adults during old 

versus new judgments (Leger et al., 2024a) to pattern separa-
tion comparisons, identifying an overall cultural difference. 
However, it may be the case that we do not have the power 
to detect an interaction of age and culture on the engage-
ment of these regions across conditions. Visually inspecting 
the activity across conditions (Fig. 4), there is a tendency 
for the pattern to reverse for older adults, with activity for 
false alarms higher than for correct rejections for Taiwan-
ese, whereas there is the opposite trend for Americans. This 
suggests that older adults may drive the overall finding of 
cultural differences. Moreover, the interaction of age and 
condition indicated that younger adults engage this region 
for correct rejections more than false alarms, whereas the 
conditions do not differ for older adults. Thus, how age 
affects cultural differences in activity related to pattern sepa-
ration in LIFG is an open question, although activity in this 
region consistently suggests that Americans evidence more 
activity for correct rejections than false alarms. This could 
indicate Americans’ greater attention to novelty, which will 
be discussed in the following sections.

Comparisons of old versus new items yield more straight-
forward extensions of prior research. Behaviorally discrimi-
nating old versus new objects supported higher performance 
in Americans than Taiwanese, consistent with some previ-
ous findings with younger adults (Leger & Gutchess, 2021; 
Leger et al., 2024a), as well as higher levels of performance 
for younger compared with older adults (Fraundorf et al., 
2019). Interestingly, the effects of age on old/new discrimi-
nation in memory were more pronounced for Taiwanese 
than Americans, which is the third major contribution of 
this study. This finding indicates differential vulnerability 
across cultures to age-related impairments in remember-
ing visually detailed objects. Effects of age are pervasive, 
occurring for both cultural groups. However, it may be the 
case that Americans’ relatively greater emphasis on details 

Fig. 6  Beta weights from the LIFG ROI mask for old vs. new discrimination (i.e., hits for targets vs. correct rejections for foils) for each group. 
Error bars represent standard errors. Notes. Negative betas indicate the activation is lower than baseline (i.e., fixation rest). (Color figure online)

4 Directly comparing d’ scores for young Americans and Taiwanese 
on the target-foil condition yields a significant cultural difference, 
p = .02.
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in memory (Leger & Gutchess, 2021; Leger et al., 2024a; 
Millar et al., 2013) and analytic processing (Nisbett et al., 
2001) in young adulthood could mitigate, to some extent, 
the effects of age. This could suggest that a lifetime of expe-
rience with culturally specific practices (Gutchess & Cho, 
2024) or cognitive strategies could be an effective way to 
reduce some age-related decrements in memory (Craik, 
2000; Salthouse, 2009; Zacks et al., 2000). To be specific, 
cultural experiences and practice can accumulate over time 
across the lifespan, so if cultural practice (e.g., Americans’ 
greater reliance on analytic processing, which leads to focus 
on details) favors a specific cognitive strategy (e.g., encoding 
and retrieval of details in memory), tasks relying on such a 
cognitive strategy could be less influenced by age-related 
deterioration of cognitive resources in individuals in a spe-
cific culture compared with individuals in other cultures 
(Park et al., 1999). Plus, such an interactive effect of age and 
culture on memory can inform how to effectively diminish 
the potential deterioration of memory with age (e.g., design-
ing interventions to help older adults focus more on details).

Fourth, previous findings of cultural differences in hip-
pocampal activity for correct new versus old judgments 
(Leger et al., 2024a) extended to older adults. Collapsing 
across age groups, Americans showed higher levels of acti-
vation in the hippocampus for correct memory for new ver-
sus old judgments, whereas activity in the Taiwanese did 
not differ across judgments. Results suggest that Americans 
may recruit the hippocampus more in response to novel than 
old information (Fredes & Shigemoto, 2021; Kumaran & 
Maguire, 2009) than Taiwanese do, even into older adult-
hood. We (Leger et al., 2024a) interpreted this cultural dif-
ference in younger adults as potentially reflecting differences 
in memory states, such as orienting to novelty (encoding) 
or familiarity (retrieval) (Long & Kuhl, 2021). This could 
mean that in response to novel items, Americans attempt 
pattern separation, whereas Taiwanese attempt pattern com-
pletion. The current results suggest that these tendencies 
could extend to older adulthood. However, direct tests using 
tasks appropriate to assess novelty orientation are needed to 
substantiate this interpretation.

Lastly, cultural differences in the activation of LIFG for 
correct old versus new judgments in younger adults are 
eliminated with age. Specifically, when correctly retriev-
ing memories, younger Americans engaged the LIFG for 
new items more than old ones, whereas younger Taiwanese 
engaged the LIFG more for old than new items (Leger et al., 
2024a). With age, activity for old versus new judgments did 
not differ across cultures. We had speculated that the pat-
tern in younger adults could reflect that Americans might 
encode more detailed representations of targets and thus 
experience less interference at retrieval when discerning old 
from new information (Leger et al., 2024a). In contrast, if 
younger Taiwanese encoded less detailed information, they 

would experience more interference in discerning old from 
new memories at retrieval. This interference could induce 
higher levels of activation in the LIFG for old versus new 
judgments, reflecting the role of LIFG in cognitive control 
processes (Badre & D'Esposito, 2007; Badre & Wagner, 
2005; Thompson-Schill et al., 1997). The absence of cul-
tural differences in LIFG activity in older adults, particu-
larly as activity was equivalent for old and new items in 
Americans, could reflect reductions in cognitive control with 
age (Manard et al., 2014; Salthouse et al., 2003). Because 
this interpretation is based on inferences about the role of 
the region in cognitive control (Badre & D'Esposito, 2007; 
Badre & Wagner, 2005; Thompson-Schill et al., 1997), it 
is necessary to design a study to directly test this explana-
tion, as well as compare encoding and retrieval processes 
within participants to assess trade-offs across cultures in 
these stages of memory. Nevertheless, the results indicate 
that the effects of age on LIFG activity may surpass cultural 
effects in that cultural differences present in younger adults 
are eliminated in older adults.

The behavioral and neural findings illustrate the mixed 
results of how age and culture interact in memory. In future 
research, it would be promising to further investigate how 
the availability of cognitive resources contributes to the 
relationship between age and culture. Existing frameworks 
propose that for tasks that demand fewer cognitive resources, 
younger adults may have sufficient cognitive resources to 
adapt culturally nonpreferred strategies or to overcome 
potential limitations of culturally preferred strategies. Older 
adults, in contrast, may lack the cognitive resources to adapt 
or overcome limitations of their well-practiced culturally 
supported strategies (Na et al., 2017; Park et al., 1999). For 
tasks that require high levels of cognitive resources, age-
related declines in cognition could lead to pervasive and 
consistent effects of age across cultures. Aligning with this, 
discriminating old from new objects in our study is less 
cognitively demanding than discriminating old from similar 
lures. Thus, the presence of an interaction of age and cul-
ture in the old/new comparison may be in line with it being 
an easier task than discriminating old items from similar 
lures in which age effects seem to surpass cultural effects. In 
accordance with the patterns of behavioral findings, the neu-
ral findings appear to indirectly support the potential moder-
ating role of cognitive load in the relationship between age 
and culture on memory (Gutchess & Cho, 2024; Na et al., 
2017; Park et al., 1999). Specifically, cultural differences 
in brain regions related to higher-order cognitive processes 
(i.e., LIFG) were eliminated with age. In addition, simple 
age differences (rather than interactions of age and culture) 
were more consistently found for pattern separation than 
for old/new discrimination, possibly reflecting more cog-
nitively demanding memory processes (Adams et al., 2022; 
Leal et al., 2017; Stark et al., 2010, 2013; Yassa et al., 2011). 
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Approaches that target the cognitive demands of the task 
or probe individual differences in cognitive resources are 
crucial steps to further understand the ways in which culture 
affects age differences in memory and neural recruitment. 
Such an approach may help to better interpret the patterns 
of LIFG activity, as well as differences in the findings in the 
comparisons of old/new discrimination and pattern separa-
tion in the present study.

The current study, of course, has limitations. Typical 
challenges to the study of aging are reflected here, includ-
ing limitations of generalizability. Our samples of older 
adults are likely highly select, a concern that is exacerbated 
by the screening requirements to participate in an fMRI 
study. In addition, it is challenging to isolate effects of age 
in cross-sectional comparisons of younger and older adults. 
To address this concern, future studies should employ lon-
gitudinal designs or include middle-aged samples (Lach-
man, 2015). The effects of age observed in this study could, 
to some extent, reflect the contribution of cohort differ-
ences. This could also apply to cultural differences, should 
they reflect unintended differences between our samples, 
although we note how well our samples are matched across 
cultures on neuropsychological test performance. Designs 
that manipulate aspects of culture (e.g., priming independ-
ence or interdependence) within individuals would help 
to address these concerns, although such approaches have 
not proved promising thus far in the study of memory (see 
Gutchess & Sekuler, 2019 for discussion).

In addition, our analytic choices for the neuroimag-
ing data likely affected our results. Given the novelty 
of cross-cultural investigations of pattern separation, as 
well as memory processes more generally, we adopted 
an approach that focused on regions previously impli-
cated in cultural differences in memory in younger adults. 
Although we attempted to balance a targeted approach 
using ROIs to increase sensitivity to detect effects along-
side exploratory whole-brain analyses (see Supplemen-
tal), an omnibus ANOVA approach may not be sensitive 
enough to detect the effects of age and culture. The lack 
of effects in the hippocampus for pattern separation is 
surprising given that this is one of the key regions for 
discriminating old from similar lures (Baker et al., 2016; 
Bakker et al., 2008; Yassa & Stark, 2011) and strongly 
impacted by aging (Leal et al., 2017; Stark et al., 2010, 
2013, 2015). Our lack of findings may reflect the use of 
hippocampal ROIs rather than investigating subregions of 
hippocampus (i.e., DG/CA3, CA1), which are typically 
probed using high-resolution imaging. However, recent 
research, including our own findings implicating LIFG, 
suggests that regions beyond the hippocampus related to 
higher-order cognitive processes (e.g., dorsal medial pre-
frontal cortex) can be involved in pattern separation (Nash 
et al., 2021; Pidgeon & Morcom, 2016).

Future research may benefit from adopting additional 
approaches, including functional connectivity or exploring 
individual differences to identify which cultural or individ-
ual difference factors explain differences in memory. Such 
approaches would deepen understanding of how culture 
and age influence memory. Given the dearth of research in 
this field, however, the current work using an ROI approach 
serves as a meaningful starting point for further research.

Despite the limitations, the present study contributes 
to our understanding of age, culture, and memory. To our 
knowledge, this is the first study to examine the effects of 
age and culture on memory with not only behavioral but 
also neural measures. Although several studies have found 
cross-cultural differences in memory specificity (Leger & 
Gutchess, 2021; Leger et al., 2024b; Mickley Steinmetz 
et al., 2018; Millar et al., 2013; Paige et al., 2017), this is 
the first to test this in older adults. In summary, the results 
suggest that comparing the discrimination of old versus new 
information at retrieval is sensitive to the influences of age 
and culture. Taiwanese performed worse than Americans, 
and the effects of age were more pronounced for the Tai-
wanese. Americans activated the hippocampus for new more 
than old items, but the pattern of activity for the conditions 
did not differ for Taiwanese, nor did it interact with age. 
The engagement of LIFG differed across cultures such that 
the pattern of greater activity for old (for Americans) or 
new (for Taiwanese) items was lost with age, particularly 
for older Americans. We speculate that the results could 
reflect cultural differences in the orientation to novelty ver-
sus familiarity for younger adults, with the LIFG engaged to 
support interference resolution at retrieval. Older adults, in 
contrast, lack the cognitive resources to successfully recruit 
LIFG, which may affect the engagement of this region for 
Americans more than Taiwanese. Support is not as strong 
for cultural differences in processes related to pattern sepa-
ration. Although Americans had higher levels of memory 
discrimination than Taiwanese and engaged the LIFG for 
correct rejections more than false alarms, the patterns of 
behavior and neural activity did not interact with culture 
and age. Furthermore, we did not detect effects of culture 
or age in the hippocampus—the region most implicated in 
pattern separation.

All in all, the results imply that for differentiating old 
vs. new items behaviorally in memory, cultural differences 
are stronger than the age differences. This pattern emerges 
despite the reduced cultural differences in neural correlates 
with age (i.e., in LIFG). Cultural differences observed in 
younger adults seem to extend to older adults for simi-
lar items, encompassing behavioral and neural measures 
distinguishing old versus similar items in memory. The 
pattern of findings may reflect that people use culturally 
specific memory strategies for encoding and retrieving 
detailed memories, and these cultural styles may persist 
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into older adulthood. The findings suggest ways in which 
cultural life experiences and associated information pro-
cessing strategies can contribute to both consistent effects 
of age across cultures and differing trajectories with age 
in terms of memory performance and neural engagement.
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tary material available at https:// doi. org/ 10. 3758/ s13415- 024- 01245-1.
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